
eISSN 2799-8010

www.e-jyms.org

Vol. 39 No. 3
July 2022

Vol. 39 N
o. 3 July 2022

JO
U

RN
A

L O
F YEU

N
G

N
A

M
 M

ED
IC

A
L SC

IEN
C

E
page 179-267

http://www.e-jyms.org


Vol. 39 · No. 3 · July 2022

Aims and scope
Journal of Yeungnam Medical Science is a peer-reviewed and open access journal in the medical field published in English four 
times a year (January 31, April 30, July 31, and October 31). The journal’s publishers are the Yeungnam University College 
of Medicine and Yeungnam University Institute Medical Science. The abbreviated title is J Yeungnam Med Sci (JYMS). Its 
regional focus is mainly Korea, but it welcomes submissions from researchers all over the world.

JYMS aims to communicate new medical information to medical personnel, and to facilitate the development of medicine and 
the propagation of medical knowledge by publishing high quality evidence-based articles. It covers all fields of medical science, 
including clinical research and basic medical science.

JYMS publishes editorials, review articles, original articles, case reports, image vignettes, communications, Resident Fellow 
Section (RFS; clinical vignette, teaching images), and imagery. All manuscripts should be creative, informative, and helpful for 
the diagnosis and treatment of medical diseases and for the communication of valuable information about all medical fields.

JYMS was first published in 1984. The original Korean title was “Yeongnam yidae hagsulji” (print ISSN 1225-7737). The 
Journal was renamed “Yeungnam University Journal of Medicine” (online ISSN 2384-0293) in 2015, and “Journal of 
Yeungnam Medical Science” (online ISSN 2799-8010) in 2022.

JYMS is indexed/tracked/covered by PubMed Central, PubMed, CAS, DOAJ, KoreaMed, KoreaMed Synapse, Korea 
Citation Index, KoMCI, WPRIM, DOI/CrossRef, and Google Scholar.

Open access
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.

Publisher
Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science

Editor-in-chief 
So-Young Park, Yeungnam University College of Medicine

Editorial office 
Yeungnam University College of Medicine
170 Hyeonchung-ro, Nam-gu, Daegu 42415, Korea
Tel: +82-53-640-6832 • Fax: +82-53-651-0394 • E-mail: jyms@yu.ac.kr

Printing office 
M2PI
8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea
Tel: +82-2-6966-4930 • Fax: +82-2-6966-4945 • E-mail: support@m2-pi.com

Published on July 31, 2022

Copyright © 2022 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science
     This paper meets the requirements of KS X ISO 9706, ISO 9706-1994 and ANSI/NISO Z39. 48-1992 (Permanence of paper)

e-jyms.org
eISSN 2799-8010

http://www.e-jyms.org


Editor-in-chief
So-Young Park, MD, PhD Yeungnam University, Korea

Deputy editor
Tae Gon Kim, MD Yeungnam University, Korea

Associate editors

Editorial board

Statistical editors

Managing editor
Eun-il Lee Yeungnam University, Korea

Manuscript editors

Editorial board

Min Cheol Chang, MD Yeungnam University, Korea

Sang Won Kim, MS Yeungnam University, Korea

Hye-Min Cho InfoLumi, Korea

June Hong Ahn, MD, PhD Yeungnam University, Korea

Kiwon Ban, MD, PhD City University of Hong Kong, Hong Kong

Mathieu Boudier-Revéret, MD Centre Hospitalier de l’Université de Montréal, Canada

Ramanarayana Boyapati, BDS, MDS Sibar Institute of Dental Sciences, India

Ke-Vin Chang, MD, PhD National Taiwan University, Taiwan

Kyu Hyang Cho, MD, PhD Yeungnam University, Korea

Joon Hyuk Choi, MD, PhD Yeungnam University, Korea

Kwang Hae Choi, MD Yeungnam University, Korea

Yoon Seok Choi, MD, PhD Yeungnam University, Korea

Jinmyoung Dan, MD CHA University, Korea

Kyung-Oh Doh, MD, PhD Yeungnam University, Korea

Jong Ryul Eun, MD Hanyang University, Korea

Mi Jin Gu, MD, PhD Yeungnam University, Korea

Ming-Yen Hsiao, MD, PhD National Taiwan University, Taiwan

Insoo Kang, MD Yale University, USA

Noriyuki Kanzaki, MD, PhD Kobe University, Japan

Hye-Geum Kim, MD, PhD Yeungnam University, Korea

Hyuckgoo Kim, MD Yeungnam University, Korea

Jae Woon Kim, MD Yeungnam University, Korea

Jason K. Kim, PhD University of Massachusetts, USA

Sang Taek Kim, MD, PhD The University of Texas MD Anderson Cancer Center, USA

Won Jae Kim, MD Yeungnam University, Korea

Du-Hyong Cho, MD, PhD Yeungnam University, Korea

Keun Jung Ryu, MD Yonsei Kim &  Jung Hospital, Korea

Yoon Joo Seo InfoLumi, Korea 

Ung Kim, MD, PhD Yeungnam University, Koreaa

Hideki Koizumi, MD, PhD University of the Ryukyus, Japan

Shaw Hua Anthony Kueh, MD Auckland City Hospital, New Zealand

Younghoon Kwon, MD University of Washington, USA

Dong Shik Lee, MD Yeungnam University, Korea

Jae Hee Lee, MD Chungbuk National University, Korea

Jae-Lyun Lee, MD, PhD Ulsan University, Korea

Jae Min Lee, MD, PhD Yeungnam University, Korea

Sufang Liu, MD, PhD Texas A&M University, USA

Yong Su Lim, MD, PhD Gachon University, Korea

Chul Hyun Park, MD, PhD Yeungnam University, Korea

Hosun Park, MD, PhD Yeungnam University, Korea

Jeong Hyun Park, MD, PhD Kangwon National University, Korea

Joon Sakong, MD, PhD Yeungnam University, Korea

Ye Jee Shim, MD, PhD Keimyung University, Korea

Young Beom Seo, MD, PhD Yeungnam University, Korea

In Hwan Song, MD, PhD Yeungnam University, Korea

Phil Hyun Song, MD, PhD Yeungnam University, Korea

Hoon-Ki Sung, MD, PhD University of Toronto, Canada

Wei-Ting Wu, MD National Taiwan University, Taiwan

Wan-Hee Yoo, MD, PhD Chonbuk National University, Korea



Copyright © 2022 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science  

Vol. 39 · No. 3 · July 2022

Contents
eISSN 2799-8010

Imagery

i  "Wiyangmot Reservoir in Miryang, Korea"
Yeung Man Kim

Focused review

Editorial

179  The blind spot and challenges in pain management
Min Cheol Chang

Review articles

181 Pain in amyotrophic lateral sclerosis: a narrative review
Soyoung Kwak

190 Ultrasound-guided interventions for controlling the thoracic spine and chest wall pain: a narrative review
Donghwi Park, Min Cheol Chang

200 The mechanism of action of pulsed radiofrequency in reducing pain: a narrative review
Donghwi Park, Min Cheol Chang

206 The use of platelet-rich plasma in management of musculoskeletal pain: a narrative review
Aung Chan Thu



Copyright © 2022 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science

Original articles

216  A comparative study of the psychological impacts of tasks related and unrelated to COVID-19 on nurses:  
a cross-sectional study
Hyun Ji Kim, Geon Ho Lee

223  Infection prevention measures and outcomes for surgical patients during a COVID-19 outbreak in a tertiary hospital in 
Daegu, South Korea: a retrospective observational study
Kyung-Hwa Kwak, Jay Kyoung Kim, Ki Tae Kwon, Jinseok Yeo

230  Assessment of normal anal sphincter anatomy using transanal ultrasonography in healthy Korean volunteers:  
a retrospective observational study
Daeho Shon, Sohyun Kim, Sung Il Kang

235  Preemptive pyloroplasty for iatrogenic vagus nerve injury in intrahepatic cholangiocarcinoma patients undergoing 
extensive left-sided lymph node dissection: a retrospective observational study
Shin Hwang, Dong-Hwan Jung, Eun-Kyoung Jwa, Yumi Kim

244  Effect of nonsurgical periodontal therapy and smoking status on hematological variables related to anemia of chronic 
disease in chronic periodontitis patient: a case-control study
Sangita Show, Somen Bagchi, Arka Kanti Dey, Ramanarayana Boyapati, Pritish Chandra Pal, Kanikanti Siva Tejaswi

Case reports

250 Pedunculated mucinous cystic neoplasm of the liver: a case report 
Sang-Woo Ha, Shin Hwang, Hyejin Han, Song Ie Han, Seung-Mo Hong

256  Primary hepatic sarcoidosis presenting with cholestatic liver disease and mimicking primary biliary cholangitis:  
a case report 
Young Joo Park, Hyun Young Woo, Moon Bum Kim, Jihyun Ahn, Jeong Heo

262  Prolonged oral sildenafil use-induced Mondor disease: a case report 
Han Sol Chung, You Ho Mun

Image vignette

266 Playing snakes and ladders with the common fibular nerve on ultrasound after knee dislocation 
Natan Bensoussan, Mathieu Boudier-Revéret, Johan Michaud

Vol. 39 · No. 3 · July 2022

Contents
eISSN 2799-8010



Imagery
eISSN 2799-8010
J Yeungnam Med Sci 2022;39(3):i 
https://doi.org/10.12701/jyms.2022.00171

"Wiyangmot Reservoir in Miryang, Korea"

The “Imagery” section of Journal of Yeungnam Medical Science ( JYMS) is devoted to the artistic and imaginative qualities of our readers. JYMS invites 
you to submit your drawings, illustrations, or photographs, along with appropriate explanatory information, for publication within this section. Please 
forward electronic images via e-mail to: jyms@yu.ac.kr. 

Photograph by Yeung Man Kim , Daegu, Korea.

Copyright © 2022 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science
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.

i



eISSN 2799-8010
J Yeungnam Med Sci 2022;39(3):179-180
https://doi.org/10.12701/jyms.2022.00339

Although pain is not a matter of life and death, it is a common cause of poor quality of life for people [1,2]. It is also the primary reason why 
patients visit hospitals. Therefore, clinicians should pay particular attention to the presence of a patient's pain and effectively control it. 

Pain occurs primarily because of degeneration or damage to musculoskeletal structures. A herniated disc, spinal stenosis, rotator cuff dis-
ease, adhesive capsulitis, myofascial pain syndrome on the cervical or lumbar areas, knee and hip osteoarthritis, and musculoskeletal or ner-
vous system injuries are common causes of pain, and clinicians are familiar with diagnosing and treating these diseases. However, clinicians 
are often unaware of pain in patients suffering from diseases of relatively low incidence. In this special issue, Kwak [3] reviews the pain pat-
terns and pain management in patients with amyotrophic lateral sclerosis (motor neuron disease). In addition, Park and Chang [4] describe 
the methodology of ultrasound-guided intervention to treat thoracic spine and chest wall pain. Motor neuron disease is uncommon; fur-
thermore, pain in patients with motor neuron disease is often overlooked because clinicians focus on and treat the patient's main symptoms, 
including muscle weakness. In addition, the incidence of thoracic spine and chest wall pain is relatively low compared to that of the above-
mentioned common diseases causing musculoskeletal pain, and thoracic spine and chest wall pain are often not actively treated by clinicians 
because of the risk of developing lung puncture during pain control interventions. This special issue allows clinicians to improve their under-
standing of pain in patients with motor neuron disease and implement interventions safely and confidently in patients with thoracic spine 
and chest wall pain. 

In clinical practice, corticosteroid injections are mainly used to control musculoskeletal pain [5]. Although corticosteroid injections can ef-
fectively control various musculoskeletal disease-associated pain, several side effects, such as allergic reaction, flushing, hyperglycemia, im-
munosuppression, menstrual changes, and adrenal suppression may occur [6]. Thus, several methods have been assessed as corticosteroid 
injection replacements. Among these methods, PRF stimulation and PRP injections are known to have some pain control effects that are 
equivalent to those of corticosteroid injections [6,7]. Moreover, this special issue deals with pain treatment using pulsed radiofrequency 
(PRF) stimulation and platelet-rich plasma (PRP) injection. Park and Chang [8] review studies on mechanisms of PRP stimulation for con-
trolling pain, and Thu [9] reviews studies related to PRP injection in the management of musculoskeletal pain. With the help of these review 
papers, we hope that clinicians can effectively use PRF stimulation and PRP injections to control pain in patients, thereby enhancing the 
therapeutic effectiveness of pain control. 

We also expect that this special issue will serve as a bridge to advanced research on neglected pain-causing diseases, PRF stimulation, and 
PRP injections. 
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Introduction 

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive neuro-
degenerative condition characterized by loss of motor neurons in 
the cerebral motor cortex, brainstem, and spinal cord. It is typically 
heralded by motor weakness in the limbs and/or bulbar muscles 
and results in progressive muscle weakness beyond the site of ini-
tial symptoms, resulting in a fatal outcome generally within 2 to 4 
years from the onset of disease [1]. Diagnosis of the disease is 
based on clinical and electrophysiological evidence of upper motor 
neuron (UMN) and lower motor neuron (LMN) involvement 

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive neurodegenerative condition characterized by loss of motor neurons, result-
ing in motor weakness of the limbs and/or bulbar muscles. Pain is a prevalent but neglected symptom of ALS, and it has a significant 
negative impact on the quality of life of patients and their caregivers. This review outlines the epidemiology, clinical characteristics, 
underlying mechanisms, and management strategies of pain in ALS to improve clinical practice and patient outcomes related to pain. 
Pain is a prevalent symptom among patients with ALS, with a variable reported prevalence. It may occur at any stage of the disease 
and can involve any part of the body without a specific pattern. Primary pain includes neuropathic pain and pain from spasticity or 
cramps, while secondary pain is mainly nociceptive, occurring with the progression of muscle weakness and atrophy, prolonged immo-
bility causing degenerative changes in joints and connective tissue, and long-term home mechanical ventilation. Prior to treatment, 
the exact patterns and causes of pain must first be identified, and the treatment should be tailored to each patient. Treatment options 
can be classified into pharmacological treatments, including nonsteroidal anti-inflammatory drugs, antiepileptic drugs, drugs for 
cramps or spasticity, and opioid; and nonpharmacological treatments, including positioning, splints, joint injections, and physical ther-
apy. The development of standardized and specific assessment tools for pain-specific to ALS is required, as are further studies on treat-
ments to reduce pain, diminish suffering, and improve the quality of life of patients with ALS. 

Keywords: Amyotrophic lateral sclerosis; Motor neuron disease; Non-motor symptoms; Pain; Palliative care  
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and the distribution of clinical signs of the disease (e.g., craniobul-
bar, cervical, thoracic, and lumbosacral regions) [2-4]. Notably, 
ALS should be considered a syndrome with a broad spectrum 
rather than a single disease entity because its symptoms and clini-
cal course are very diverse (e.g., UMN vs. LMN predominance, 
bulbar vs. limb [spinal] predominance, rapid vs. slow progression, 
and the extent of concomitant cognitive impairment) [5]. ALS 
was once considered a pure motor disorder with ‘3 Ps’ (progres-
sive, painless, and paralysis); however, a growing body of evidence 
indicates that ALS is a multisystem disease with early and diverse 
non-motor symptoms including cognitive and behavioral changes, 
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neuropsychiatric disturbances, sleep disruption, excess secretions, 
metabolic abnormalities, bowel and bladder dysfunction, changes 
in bone health, olfactory and somatosensory impairment, and pain 
[6]. These non-motor symptoms of ALS have attracted research 
attention over the last decade, with the identification of a repeat ex-
pansion of the C9orf72 gene in some patients and many shared pa-
thologies across the spectrum of ALS and frontotemporal demen-
tia in these patients [7,8]. 

The active study of pain in ALS, as well as other non-motor 
symptoms, began approximately 10 years ago, although there were 
earlier observations [9-11]. Previous studies revealed that these 
symptoms are prevalent among patients with ALS and negatively 
impact the lives of these patients and their caregivers, physically, 
psychologically, socially, and spiritually [12-15]. In addition, the 
two major guidelines on the management of ALS (from the Amer-
ican Academy of Neurology [AAN] and European Federation of 
Neurological Societies [EFNS]) include the treatment of pain in 
these patients [16,17], and there has been a Cochrane review on 
this subject [18]. However, a more thorough understanding of the 
prevalence, clinical characteristics, underlying mechanisms, and ef-
fective management of pain in this population is required to im-
prove clinical practice and patient outcomes. In this review, the epi-
demiology of pain in patients with ALS, its clinical characteristics, 
and suggested underlying mechanisms of pain will be discussed 
before summarizing the assessment and treatment strategies for 
pain in ALS. 

Epidemiology of pain in amyotrophic 
lateral sclerosis 

The prevalence of pain in patients with ALS varies greatly from as 
low as 15% to as high as 85% [10,13,15,19-24]. These differences 
are thought to arise from the different study designs and settings, 
definitions of pain, and tools used to assess pain. A recent me-
ta-analysis on the prevalence of pain in ALS estimated the pooled 
prevalence to be 60% (95% confidence interval [CI], 50%–69%) 
with a high degree of heterogeneity (I2 = 94%, p < 0.001) [25]. 
This meta-analysis also found that studies using tailored measures 
(e.g., clinical interviews, unvalidated questionnaires, or retrospec-
tive reviews of the medical record) to assess pain tended to show a 
lower pooled prevalence of 47% (95% CI, 34%–60%) and greater 
heterogeneity (I2 = 90%, p < 0.001) compared to those using tai-
lored measures (I2 = 82%, p = 0.002, respectively), while studies us-
ing only validated measures showed a pooled pain prevalence of 
65% (95% CI, 56%–73%, similar to the overall pooled prevalence 
of 60%) and lower heterogeneity. This demonstrates the impor-
tance of appropriate assessment tools for pain. Nevertheless, the 

two major guidelines for the management of ALS do not suggest 
which assessment tools should be selected. Another study showed 
that less than 20% of ALS clinics used questionnaires involving 
pain rating scales other than just open-ended questions [19]. 
Therefore, the establishment of a standardized assessment tool for 
pain in ALS is necessary to better manage pain in patients with 
ALS. 

Currently, the most frequently used formal assessment tool is 
the Brief Pain Inventory questionnaire [13,15,19,22,24], which as-
sesses current pain, its intensity over the previous week, and the ex-
tent of interference with mood, sleep, and physical, working, and 
social activities. Other validated assessment tools include the Neu-
ropathic Pain Scale, short-form McGill Pain Questionnaire, Neu-
ropathic Pain Symptom Inventory, and Neuropathic Pain Diagnos-
tic Questionnaire [20,23]. However, although these tools are vali-
dated and are useful in discriminating and describing pain, it is un-
clear how useful they are for assessing pain in patients with ALS, 
who often have more than one type of pain [26]. Therefore, the 
development of standardized assessment tools for the diagnosis 
and monitoring of pain in ALS is important for improving patient 
care and outcomes. 

In addition, the attention that physicians and patients pay to pain 
might also result in an inconsistency in its reported prevalence 
[26]. For example, a recent study conducted by Åkerblom et al. 
[12] indicated that some patients with ALS who were experienc-
ing pain did not report it to their physician because they thought 
pain was not as important as other symptoms of the disease, they 
had received insufficient attention from the physician, or they be-
lieved there was no effective pain treatment, just as there was no ef-
fective disease treatment. Considering these points, it is important 
not only to evaluate pain at every visit using a structured assess-
ment tool but also to train healthcare professionals accordingly.  

Characteristics of pain 

Primary pain in patients with ALS includes neuropathic pain and 
pain from spasticity or cramps. Secondary pain is mainly nocicep-
tive, occurring with the progression of muscle weakness and atro-
phy, prolonged immobility causing degenerative changes in joints 
and connective tissue, and long-term home mechanical ventilation 
(HMV) either noninvasively by mask interface or invasively by tra-
cheostomy (Fig. 1) [26,27]. 

Pain in ALS is largely nociceptive in nature, although it cannot 
explain all types of ALS pain. Neuropathic pain has not been re-
ported to be prevalent among patients with ALS [16,26,28-30]. 
Previous studies have indicated a prevalence of neuropathic pain of 
9% [28], 1% [29], and 5% [30] using Douleur Neuropathique 4 
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(DN4) as a screening tool; these values are not higher than those 
of the general population, ranging from 6.9% to 10.0%, as reported 
in a previous systematic review [31]. However, a recent study indi-
cated that 62.5% of patients with ALS experienced neuropathic 
pain, described as electric shock, burning, dull, stabbing, throb-
bing, painful cold, sharp, or shooting [32]. However, that study did 
not adopt a validated measure for neuropathic pain. Although neu-
ropathic pain seems to be rare in ALS, this finding might result 
from the fact that DN4 is only a screening tool for neuropathic 
pain and may not be a definite measure to diagnose neuropathic 
pain in ALS [28]. Furthermore, the low prevalence of neuropathic 
pain might have occurred because a large number of patients were 
already taking neurotropic medications such as riluzole, the only 
drug approved by the U.S. Food and Drug Administration for ALS 
treatment, which blocks the presynaptic release of glutamate [33] 
and thereby might reduce neuropathic pain [29,34,35]. Some neu-
ropathic pain might be due to spinal disorders, at least partially, 
considering that the peak incidence of ALS occurs between 58 and 
63 years of age [1], an age group in which spinal disorders are com-
mon. Although it has been reported that 14% to 32% of the diag-

nostic delay in ALS is due to the misdiagnosis of ALS as a spinal 
disorder such as myelopathy or radiculopathy [36-42], no study 
has evaluated the exact prevalence of spinal disorders in patients 
with ALS. 

Other sources of primary pain include cramps and spasticity. 
Muscle cramp refers to a sudden and involuntary muscle contrac-
tion originating from the peripheral nerves [43] and is reported to 
be a major source of pain in patients with ALS, affecting approxi-
mately two-thirds of patients [11,44]. In a previous study, which 
followed 41 patients with ALS for up to 21 months, 95% of the pa-
tients had experienced cramps over the course of the disease [45]. 
Muscle cramps in patients with ALS are believed to originate from 
instability of the affected motor unit and are typically associated 
with denervation of the muscles [43]; patients with limb-onset 
ALS are more frequently affected by them [43,45]. Spasticity is a 
velocity-dependent increase in muscle tone, which results from the 
loss of inhibitory control of UMNs, causing stiffness and spasms in 
the affected muscles as well as difficulties in fine motor control 
[46]. According to a recent study conducted in a tertiary hospital 
in France, the prevalence of spasticity was 36% in patients with 

Facial pressure 
ulcers due to 
NIV mask

Shoulder pain due to 
reduced mobility

Itch (diffuse)

Spasticity (spasms and 
clonus in the lower limbs)

Pain due to suctioning of saliva 
or phlegm and to ventilator 
hose weighing or pulling

Neck pain due to hyposthenia of neck muscles

Back pain due to reduced mobility

Pressure sores due to 
reduced mobility

Neuropathic pain 
(distal extremities; 
diffuse or focal)

Joint contractures due to 
reduced mobility

Painful cramps (lower limbs, 
hands, and abdomen)

Articular pain due to 
reduced mobility

Fig. 1. Types of pain in amyotrophic lateral sclerosis. Most reported types of pain are secondary in nature (mainly nociceptive; 
blue shading), but there is some evidence for primary forms of pain (green shading), such as neuropathic pain, spasticity, and 
cramps. NIV, noninvasive ventilation. Reprinted from Chiò et al. [26] with permission from Elsevier.
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ALS, and approximately half (42.5%) of those patients had mild 
pain. However, 16.7% of patients with spasticity had moderate to 
severe pain, with numeric rating scale scores of ≥ 4 [47]. 

Secondary pain is mainly nociceptive, which means it arises 
from nonneuronal tissue damage or the activation of peripheral 
nociceptors as a result of mechanical or other noxious stimuli [48]. 
Secondary pain is known to develop as ALS progresses. Joint pain, 
which is prevalent in patients with ALS, develops when weakened 
and wasting muscles are unable to provide support to the joint 
[26,49]. It has been reported that shoulders and hips are the most 
frequently affected joints [13,50]. Immobility might cause skin 
pressure, which might be perceived as pain, although pressure 
sores do not occur frequently despite the poor mobility of patients 
with ALS [51]. Long-term HMV may be another source of pain. 
In patients undergoing noninvasive ventilation (NIV), skin prob-
lems due to mask interfaces, especially on the nasal bridge, can 
cause pain [26]. In invasively ventilated patients with a tracheosto-
my who remain in the same position over a period of time during 
HMV, irritation of the throat from the weight of the circuits 
(tubes) and suctioning of the secretions can result in significant 
discomfort and pain, which are often unnoticed by caregivers or 
medical professionals [52].  

In terms of the localization of pain, previous studies have not 
found a specific pattern, and pain can involve any part of the body, 
including the proximal and distal sites of the upper and lower ex-
tremities and the back, or it could be diffuse [13,15,19,22,23,53]. 
A recent meta-analysis, which analyzed a total of 393 patients with 
ALS who reported 715 locations of pain, reported that the most 
commonly reported location was the upper limbs (including 
shoulders and extremities) (41.5%), followed by the lower limbs 
(33.7%), and the head, neck, trunk, and back (24.8%) [25]. 

The intensity of pain was also reported in the same study; 
among 1,426 patients who reported pain intensity, 78.8% reported 
moderate pain, 17.5% reported severe pain, and only 2.0% and 
1.7% reported mild and very severe pain, respectively [25], which 
is consistent with previous reports [23,29]. However, other studies 
have indicated that the intensity was mainly mild [14,22]. Again, 
this inconsistency might result from the different study designs 
and settings, the definition of pain, and the assessment tools for 
pain, as well as the cross-sectional nature of the aforementioned 
studies. A recent longitudinal study indicated that at least moderate 
average pain was reported in about two-thirds of patients who 
completed a 1-year follow-up [54], indicating that moderate to se-
vere pain might be persistent in patients with ALS. 

Several studies have indicated the occurrence of pain early in the 
disease course [9,15,19,26,32,55]. In a study including 424 pa-
tients, 34% of patients with ALS reported pain in the early stage of 

disease [19], and a recent epidemiological study revealed that pa-
tients with ALS had been prescribed more drugs for neuropathic 
pain (hazard ratio, 1.84; 95% CI, 0.99–3.42) up to 2 years before 
the onset of ALS [56]. The question of whether pain worsens with 
ALS progression varies widely among studies [13-15,22,23,53], 
probably because of the cross-sectional nature of these studies 
[26]. A longitudinal study indicated that pain intensity increased 
by 1 point on the visual analog scale from the first visit to the last, 
with a median follow-up period of 104 days (range, 35–846 days) 
[57]. Similarly, a recent study including 151 patients at baseline 
also revealed that the intensity and quality of pain and the impair-
ment it causes did not change significantly over time [54], which is 
consistent with findings from another longitudinal study [58]. 

Treatment of pain in amyotrophic lateral 
sclerosis 

Currently, there is little high-quality evidence regarding the phar-
macological treatment of pain in ALS, as there are no randomized 
or quasi-randomized treatment trials of pain in ALS. However, sev-
eral guidelines on the clinical management of ALS include man-
agement of pain, cramps, and spasticity [16,17,59], and there are 
Cochrane reviews [18,60]. Prior to treatment, the exact patterns 
and causes of pain must first be identified; then, the treatment 
should be tailored to each patient. Treatment options can be classi-
fied into pharmacological and nonpharmacological treatments, for 
which pharmacological treatment is known to be more effective 
for the primary pain, whereas nonpharmacological approaches are 
regarded as more effective for secondary pain in ALS [26]. A sum-
mary of interventions for the management of pain according to its 
etiology is presented in Table 1, including both self-treatment and 
professional treatment. 

1. Treatment of primary pain in amyotrophic lateral 
sclerosis 
As stated earlier, neuropathic pain does not appear to be prevalent 
in patients with ALS; however, this type of pain is significant be-
cause it can be controlled according to pharmacological manage-
ment pathways for neuropathic pain [61]. The most widely used 
drugs for the treatment of neuropathic pain are gabapentin, prega-
balin, and tricyclic antidepressants [49]. Although opioids are not 
recommended as first-line therapy, they can be used when pain is 
not controlled or in advanced stages in cases of increased pain or 
with symptoms related to respiratory insufficiency, such as dys-
pnea and sleep disturbance [62]. However, there is little evidence 
to support the safety and efficacy of opioid use [18]. 

Quinine sulfate is the most frequently prescribed drug in Euro-
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Table 1. Interventions for the management of pain in patients with amyotrophic lateral sclerosis according to the etiology of pain

Etiology of pain Self-management Professional management
Muscle cramps Massage, stretching Quinine sulfate

Aromatherapy Magnesium
Drink tonic water (contains quinine) Vitamin E
Bananas, oranges, and citrus fruit juices (to address magnesium imbalance) Vitamin D
Heat

Spasticity Positioning Physiotherapy
Passive exercise Tizanidine
Active within limitations Baclofen
Heat Hydrotherapy
Pressure above and below joint Botulinum toxin
Stretching

Constipation Review of dietary intake Laxatives
Review of fluid intake Movicol
Review of current medications Senna and lactulose
Passive exercise Dulcolax
Regular review of bowel habits, monitor or change Laxatives on commencement of opioids
Abdominal massage
Linseed seeds

Spasm Passive exercise Baclofen
Positioning Dantrolene

Diazepam
Sublingual lorazepam
Tizanidine

Skin pressure Positioning Pressure mattresses/cushions
Regular turning Appropriate beds/chairs
Correct moving and handling techniques Use of hoists
Preventative measures Diclofenac sodium

Morphine
Amitriptyline

Musculoskeletal Passive exercise prior to transfer for immobile individuals, range of motion Physiotherapy
Preventative measures Hydrotherapy
Positioning NSAIDs
Correct moving and handling techniques Paracetamol

Tramadol
Joint injections
Morphine
Orthotics, splints
Collars
TENS
Complementary/alternative therapy

NSAIDs, nonsteroidal anti-inflammatory drugs; TENS, transcutaneous electrical nerve stimulation.

pean countries, although its use for cramps is proscribed by the 
U.S. Food and Drug Administration [26,63]. It should also be not-
ed that quinine sulfate can cause serious side effects, such as 
thrombocytopenia and drug interactions [49]. Mexiletine at a 

dose of 300 mg per day and dronabinol at a dose of 5 mg twice dai-
ly could be used as first-line therapies; gabapentin and levetirace-
tam are suggested as second-line therapies in the guidelines 
[16,17].  
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Spasticity can be effectively managed with appropriate medica-
tion. Although there are no controlled clinical trials in patients with 
ALS, baclofen, tizanidine, benzodiazepines, dantrolene, and carba-
mazepine can be used to reduce spasticity [49]. However, undesir-
able side effects, such as weakness, daytime somnolence, or exces-
sive fatigue, are common with these medications. Therefore, care-
ful dose titration and appropriate physiotherapy are required 
[50,64,65]. In cases of refractory spasticity, intrathecal baclofen 
pump placement was proposed as an option, and a previous study 
indicated an average reduction of 54% in pain intensity after the 
procedure. However, these findings should be interpreted with 
caution considering the open-label study design and lack of fol-
low-up evaluation [66]. 

2. Treatment of secondary pain in amyotrophic lateral 
sclerosis 
Musculoskeletal pain secondary to progressive wasting and weak-
ness of the muscles should be managed with careful positioning, 
regular gentle range of movement exercises, joint injections, and 
medications [11,26]. The timely and proper use of assistive devic-
es is also an important point of care, which includes the use of spe-
cial mattresses and pillows, custom-fitted wheelchairs, and neu-
tral-position splints for the hands and ankles to prevent joint con-
tractures [64,65]. 

If pain is not controlled by positioning, splints, joint injections, 
or physical therapy, regular administration of analgesics should be 
considered using the World Health Organization analgesic ladder 
originally developed for the management of cancer-related pain, as 
suggested by the AAN Practice Parameters and EFNS guidelines 
[16,17]. However, the use of this strategy in patients with ALS is 
still debatable [67,68]. 

Conclusion  

Pain is an important issue in ALS, with a pronounced impact on 
quality of life and suffering. The ultimate goal of pain treatment is 
to reduce its intensity, diminish suffering, and improve the quality 
of life of patients. To achieve this goal, thorough and timely assess-
ments are vital. However, there is currently no assessment tool spe-
cific to this population. Therefore, a consensus should be reached 
regarding the timing, intervals, and contents of pain assessments in 
ALS. In addition, specific guidelines on the treatment of pain in 
ALS should be developed because successful pain treatment can 
improve the quality of life of patients and their caregivers, even in 
the absence of a disease cure. Further research on this topic is 
needed, considering the gaps between current care standards and 
patient requirements. In particular, careful consideration of the 

study design is required [26], considering that a classic double- 
blind, placebo-controlled study might not be feasible owing to the 
nature of the disease (rare, rapidly progressing, and incurable). Un-
til more robust evidence is available, strategies for managing pain in 
ALS should be tailored to the needs of individual patients, based 
on good clinical practices and information from the management 
of nonmalignant chronic pain. 
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Introduction 

Thoracic spine and chest wall pain is less prevalent than lumbar or 
cervical area pain, but it has been reported to affect 13% to 15% of 
the total population [1]. Encountering patients with thoracic spine 
and chest wall pain in actual pain clinics is not rare in clinical prac-
tice. Moreover, persistent thoracic spine and chest wall pain could 
impair activities of daily living and cause decline in the quality of 
life [2]. Clinicians generally do not prefer injection to the thoracic 
structures due to the risk of pneumothorax caused by puncturing a 
lung with the needle during the procedure. Even with fluorosco-
py-guided thoracic procedures, the lungs cannot be viewed direct-
ly, meaning any procedure-related risk of pneumothorax is un-
avoidable [3]. Rather than perform such procedures, clinicians 

Ultrasound-guided injection is useful for managing thoracic spine and chest wall pain. With ultrasound, pain physicians perform the 
injection with real-time viewing of major structures, such as the pleura, vasculature, and nerves. Therefore, the ultrasound-guided in-
jection procedure not only prevents procedure-related adverse events but also increases the accuracy of the procedure. Here, ultra-
sound-guided interventions that could be applied for thoracic spine and chest wall pain were described. We presented ultra-
sound-guided thoracic facet joint and costotransverse joint injections and thoracic paravertebral, intercostal nerve, erector spinae 
plane, and pectoralis and serratus plane blocks. The indication, anatomy, Sonoanatomy, and technique for each procedure were also 
described. We believe that our article is helpful for clinicians to conduct ultrasound-guided injections for controlling thoracic spine 
and chest wall pain precisely and safely. 
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prescribe anti-inflammatory analgesics and physical therapy to pa-
tients with thoracic spine and chest wall pain and monitor their 
progress; however, in several cases, pain is not often controlled suf-
ficiently. 

Ultrasound offers the advantage of being able to perform a pro-
cedure with real-time viewing of major structures, such as the pleu-
ra, vasculature, and nerves, which cannot be viewed by fluoroscopy 
[4-7]. Therefore, the ultrasound-guided injection procedure not 
only prevents procedure-related adverse events but also enables ac-
curacy. 

This study aimed to describe ultrasound-guided interventions 
that could be applied for patients with thoracic spine and chest 
wall pain. In this study, the ultrasound image was obtained using an 
ultrasound machine (RS80A, Samsung Medison Corp., Ltd., 
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Seoul, Korea) with 1 to 7 MHz curved and 3 to 12 and 2 to 9 MHz 
linear array transducers.  

Thoracic facet joint injection 

1. Indication 
The thoracic facet joint injection procedure is indicated for pa-
tients with painful conditions due to the involvement of the tho-
racic facet joints. 

2. Anatomy 
The thoracic facet is composed of the inferior and superior articu-
lar processes. The superior articular processes of the thoracic verte-
brae face anteriorly, while the inferior processes face posteriorly 
[8]. The thoracic facet joints are angled at 60° to the axial plane 
and 20° to the frontal plane [9]. This allows for rotation and some 
flexion/extension and lateral flexion. The facet joints are synovial 
joints, which have a smooth contact surface called articular carti-
lage [8,9]. Each facet joint is also surrounded by a capsule. An irri-
tated and inflamed facet joint produces mid back pain and thoracic 
facet-origin pain with reference to the trunk or rib cage [10]. 

3. Sonoanatomy and technique 
The facet joint in the thoracic vertebrae has a high coronal plane, 
which makes it difficult to perform the procedure since the facet 
joint is not readily visible under fluoroscopy. However, the thoracic 
facet joint in the coronal plane could be well viewed on ultrasound 
images, and needle insertion is actually more convenient with ul-

trasound guidance. The patient is placed in a prone position. After 
the probe (1–7 MHz curved array transducer) is slightly moved 
laterally over the lamina, between two hyperechoic lines, that are 
the inferior and superior articular processes, the thoracic facet joint 
is visualized in the paramedian sagittal image (Fig. 1A). With the 
probe in one hand and the syringe in the other, insertion is per-
formed longitudinally toward the proximal region, in-plane below 
one- or two-finger width below the probe (Fig. 1B). 

To find the level of the posterior joint being targeted by ultra-
sound, the probe placed longitudinally in the inferior aspect is 
slowly moved superiorly to locate the 12th rib, which is the first 
rib visualized. By moving the probe superomedially along the 
12th rib, the 12th costotransverse articulation could be seen. By 
slightly moving inferomedially from this point, the T12 spinous 
process can be seen past the T12 lamina, which could be used as 
the starting point. When slightly moving superolaterally from this 
starting point, the first posterior joint encountered is the T11–
T12 facet joint, and the T10–T11 facet joint could be found by 
moving superiorly. By counting in this manner, the probe could 
be moved superiorly up to the target joint to perform the proce-
dure. Usually, 1 to 2 mL of local anesthetic is injected per each fac-
et joint. 

Costotransverse joint injection 

1. Indication 
The costotransverse joint injection procedure is indicated for pa-
tients with painful conditions because of the costovertebral joints. 

Fig. 1. (A) The thoracic facet is formed by the union of the inferior articular process (IAP) and superior articular process (SAP). 
After the probe is slightly moved laterally over the lamina, between two hyperechoic lines, which are the IAP and SAP, the thoracic 
facet joint is visualized in the paramedian sagittal image. Dotted arrow indicates the pathway of the needle. (B) With the probe 
in one hand and the syringe in the other, insertion is performed longitudinally toward the proximal region, in-plane below 1- or 
2-finger width below the probe. 
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2. Anatomy 
The costotransverse joint is the articulation that connects the ribs 
with the transverse processes [11]. This joint significantly contrib-
utes to the stability and movement of the thoracic spine and ribs 
[11].  

3. Sonoanatomy and technique 
The patient is placed in the prone position. For the targeted level, 
the same method previously described in the thoracic facet injec-
tion section is used to scan superiorly, starting from the T12 level. 
Using a 2- to 9-MHz linear array transducer, transverse scan is per-
formed at the targeted thoracic level so that the transverse process, 
costotransverse joint, rib, and lung appear in the same plane (Fig. 
2A). In an in-plane approach, the needle is pointed toward the cos-
totransverse joint in the lateral to medial direction (Fig. 2B). Injec-
tion of 1 to 2 mL of local anesthetic is conducted per each facet 
joint. 

Thoracic paravertebral block 

1. Indication 
The procedure can be used in patients with mid back pain, cancer 
pain on the thoracic spine and chest wall, rib fracture, refractory 
angina pectoralis, thoracoabdominal neuralgia, or post-thoracoto-
my pain [12]. 

2. Anatomy 
The thoracic paravertebral space has a triangular shape on axial 
cross-section, and its borders are as follows: the base is formed by 
the intervertebral discs, intervertebral foramina, and posterolateral 
aspect of the vertebral body; the anterolateral border by the pari-
etal pleura; and the posterior border by the superior costotrans-
verse ligament [12]. The thoracic paravertebral space is comprised 
mostly of fatty tissues, where various nerves, such as the ventral ra-
mus, dorsal ramus, intercostal nerves (ICNs), sympathetic chain, 
and rami communicantes, pass through [13]. 

3. Sonoanatomy and technique 

The patient is placed in the prone position. The image center is po-
sitioned on the lateral side of the transverse process by transverse 
scan of the targeted thoracic level. The transverse process and ribs 
are visible from the medial and lateral sides, respectively, as hypere-
choic lines. While maintaining the transverse scan, the probe (2–9-
MHz linear array transducer) is slid into the intercostal space be-
tween the ribs. In the intercostal space, an echogenic line by the 
pleural interface, instead of the rib, is observed. The intercostal and 
thoracic paravertebral spaces are visible from the lateral and medial 
sides, respectively (Fig. 3A). The probe is fixed by the transverse 
scan in a position with a clear view of the thoracic paravertebral 
space, and the needle entry site is set to the lateral side of the probe 
for medial insertion (Fig. 3B). After confirming that the needle tip 

Fig. 2. (A) The costotransverse joint is the articulation that connects the ribs with the transverse process (TP). Transverse scan is 
performed at the targeted thoracic level so that the TP, costotransverse joint, rib, and lung appear in the same plane. Dotted arrow 
indicates the pathway of the needle. (B) The injection is performed by an in-plane approach with the needle pointed toward the 
costotransverse joint in the lateral to medial direction. 
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is inside the thoracic paravertebral space, the injection material is 
injected into the space (Fig. 3B). The suggested volume is 15 to 20 
mL of a long-acting local anesthetic [14]. 

Intercostal nerve block 

1. Indication 
The ultrasound-guided ICN block procedure is usually necessary 
for analgesia for multiple rib and sternal fractures, costochondritis, 
thoracic trauma, chest wall surgery and tumors, and chest tube 
procedure; postoperative pain control after complete or partial 
mastectomy, lumpectomy (breast-conserving surgery), or wide ex-
cision or breast reconstruction; or the treatment of pain caused by 
shingles or postherpetic neuralgia [15]. 

2. Anatomy 
The intercostal space is the space between two adjacent thoracic 
ribs. There are 11 intercostal spaces on each side, and the inter-
costal muscles, intercostal membranes, ICNs, and intercostal ves-
sels are presented in the intercostal space [15,16]. There are 11 
pairs of ICNs (T1–T11), which are the anterior divisions of the 
thoracic spinal nerves [15,16]. The ICNs course through the in-
tercostal spaces accompanied by the intercostal artery and vein 
[15,16]. The ICNs provide motor and sensory innervations to 
the thoracic and abdominal wall and sensory innervation to the 
peritoneum and parietal pleura [15,16]. Around the posterior ax-
illary line, ICNs are divided into the main and collateral branches 

[15,16]. 
In regard to the intercostal muscles, three layers consist the exter-

nal, internal, and innermost intercostal muscles [15,16]. The pari-
etal pleura is located under the innermost intercostal muscle 
[15,16]. From the costal angle onward, a neurovascular bundle, 
which consists of the main ICNs and vessels, is arranged in the 
vein, artery, and nerve orientation from superior to inferior 
[15,16]. Both neurovascular bundles are found between the inter-
nal and innermost intercostal muscles. However, the main neuro-
vascular bundle is found near the inferior border of the upper rib of 
an intercostal space, while the collateral neurovascular bundle is 
found at the superior border of the lower rib [15,16]. 

3. Sonoanatomy and technique 
To perform the effective ICN block by a single injection, an ultra-
sound-guided ICN block has to be performed before the ICN is 
divided into the main and collateral branches [15]. Therefore, the 
ultrasound-guided intercostal block is usually performed at the 
posterior to the posterior axillary lines. The ICNs in the intercostal 
space are often not possible to be found by ultrasound examina-
tion. However, the vessels within the main neurovascular bundle 
located in the lower margin of the rib may be visible using the color 
Doppler (3–12-MHz-linear array transducer) (Fig. 4A). There-
fore, it is possible to estimate the location of the ICN by detecting 
the location of the vessels using a color Doppler. 

The patient can be placed in either sitting, prone, or lateral decu-
bitus position. Using ultrasound, the intercostal space behind the 

Fig. 3. (A) The intercostal and thoracic paravertebral spaces are visible from the lateral and medial sides, respectively. The probe is 
fixed by the transverse scan in a position with a clear view of the thoracic paravertebral space, and the needle entry site is set to 
the lateral side of the probe for medial insertion. Dotted arrow indicates the pathway of the needle. (B) The needle tip is inside the 
thoracic paravertebral space, and the injection material is injected into the space. TP, transverse process. 
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posterior axillary line has to be scanned to find the ICN before di-
viding it into the main and collateral branches. To identify the level 
of the intercostal space, start scanning at the inferior angle of the 
scapula, which corresponds to approximately the 7th intercostal 
space when the hand is hanging down on the side [13]. After find-
ing the intercostal space, place the probe vertically and advance the 
needle to the inferior margin of the rib (Fig. 4B, 4C). For ICN 
block, the injection of 2 to 4 mL of local anesthetic is usually suffi-
cient [16]. However, to improve the effectiveness of ultra-
sound-guided ICN block, hydrodissection is recommended to dis-
tinguish the intercostal muscle layers because these are difficult to 
distinguish by ultrasound [15]. 

Erector spinae plane block 

1. Indication 
The ultrasound-guided erector spinae plane block (ESPB) proce-
dure is usually necessary in patients with thoracic neuropathic 
pain. Moreover, it is used as a postoperative analgesia method in 
several surgical procedures from the shoulder to the hip (C7–
L4), including laparoscopic/open renal and perirenal procedures 
and those requiring large dermatomal blockage such as the com-
bination of surgeries (mastectomy, breast prosthesis, and abdom-
inoplasty), urological procedures such as bladder surgeries, radi-
cal prostatectomy, gynecological procedures, or orthopedic pro-
cedures such as hip and knee surgeries. This block serves the 
purpose of a paravertebral block without the risk of pleural injury 
[17,18]. 

2. Anatomy 
The erector spinae is not one muscle but a group of tendons and 
muscles. It is divided into three columns: iliocostalis (lateral col-
umn), longissimus (intermediate column), and spinalis (medial 

column) muscles [19-21].  
The iliocostalis muscle originates from the iliac crest, sacrum, 

and erector spinae aponeurosis. It has three different insertions: il-
iocostalis cervicis (originated from the angle of the 3rd–6th ribs 
and inserted to the posterior tubercle of the C4–C6 transverse pro-
cesses), iliocostalis thoracis (originated from the angle of the 7th-
12th ribs and inserted to the angles of the 1st-6th ribs, C7 trans-
verse process), and iliocostalis lumborum (originated from the lat-
eral crest of the sacrum, medial end of the iliac crest, and thoraco-
lumbar fascia and inserted to the angles of the 5th-12th ribs, L1–
L4 transverse processes) [19-21]. 

The longissimus muscle has three parts with different origin 
and insertion: longissimus thoracis (originated from the sacrum, 
spinous processes of the lumbar vertebrae, and transverse process 
of the last thoracic vertebra and inserted to the transverse processes 
of the lumbar vertebrae, erector spinae aponeurosis, ribs, and costal 
processes of the thoracic vertebrae), longissimus cervicis (originat-
ed from the T1–T6 transverse processes and inserted to the C2–
C7 transverse processes), and longissimus capitis (originated 
from the T1–T3 transverse processes, runs through C3–C7, and 
inserted to the mastoid process of the temporal bone) [19-21]. 

The spinalis muscle has three parts: spinalis thoracis (originated 
from the T10–L3 spinous processes and inserted to the T2– T8 
spinous processes), spinalis cervicis (originated from the T2–C6 
spinous process and inserted to the C2–C4 spinous process), and 
spinalis capitis (originated from the spinous process at the cervical 
and upper thoracic levels and then inserted to the external occipital 
protuberance) [19-21]. 

3. Sonoanatomy and technique 
The patient can be placed in either sitting, prone, or lateral decubi-
tus position. Usually, to perform an ESPB at the thoracic level, a 
high-frequency linear ultrasound transducer probe is used. To 

Fig. 4. (A) In color Doppler, the intercostal artery (IA) within the main neurovascular bundle located in the lower margin of the rib 
is visible. (B, C) After finding the intercostal space, place the probe vertically, and advance the needle to the inferior margin of the 
rib. Dotted arrow indicates the pathway of the needle. EIM, external intercostal muscle; IIM, internal intercostal muscle; IMIM, 
innermost intercostal muscle. 
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identify the spinous process, the probe has to be placed in a trans-
verse orientation. 

Using the previous study as a reference, ESPB can be performed 
at the T2 vertebral and T5 and T7 spine levels for the sensory 
blockade of the cervical, thoracic, and lumbar dermatomes, respec-
tively [22]. 

Using a 2 to 9-MHz linear array transducer, once the level is 
identified according to sensory blockage level, the probe is moved 
approximately 3 cm laterally until the transverse process is identi-
fied. The transverse process has a square contour compared with 
the ribs, which has a rounded contour. The probe should be rotat-
ed 90° on the transverse process by placing it in a parasagittal plane. 
At the T5 vertebral level, the following three muscles must be iden-
tified as above to the hyperechoic transverse process shadow: tra-
pezius, rhomboid major, and erector spinae (Fig. 5A). At the T7 
vertebral level, however, the rhomboid major muscle disappears 
(Fig. 5B). The needle is usually inserted in the plane (Fig. 5C). De-
pending on the patient’s position or region to be treated, the proce-
dure can be performed in the craniocaudal or opposite direction. 
The target of the injection must be in the fascial plane, deeper than 
the erector spinae muscles at the tip of the transverse process of the 
thoracic spine (Fig. 5C). To increase the effectiveness, a hydrodis-
section is recommended. 

In the previous studies, 20 mL of local anesthetics spreads be-
tween three and seven levels, averaging the blockage of 4.6 levels. 
Usually, 20 to 30 mL of local anesthetics is applied in the thoracic 
spine and chest wall, whereas 30 to 40 mL of local anesthetics is 
applied in the lumbar areas for the dermatomal coverage of the sur-
gical field [23]. In addition, it is probable that high volume and 
concentration increase the success rate of ESPB [23].  

Pectoralis and serratus plane blocks  

1. Indication 
The pectoralis (Pecs 1 and Pecs 2) and serratus plane blocks are 
anterior approach chest wall blocks initially described by Blanco et 
al. [24] as a novel technique to provide analgesia after breast sur-
gery [25-30]. The Pecs 1 block is targeting the lateral and medial 
pectoral nerves between the major and minor pectoral muscles. In 
the Pecs 2 block, the injection of local anesthetic is added under 
the serratus anterior muscle and into the interfascial space between 
the pectoralis minor and serratus anterior muscles in addition to 
the Pecs 1 block. The serratus plane block uses a more lateral and 
posterior approach to block the interfascial plane superficial or 
deep to the serratus anterior muscle. 

They can be performed more safely and easily than posterior ap-
proach blocks such as thoracic epidural or paravertebral blocks un-
der ultrasound guidance because the anatomical structures con-
cerned are located more superficially and easy to access. Therefore, 
they could be used as an alternative or emergency option to the 
posterior approach chest wall blocks when they are not applicable. 
Although they are originally designed as analgesic options after 
breast surgery, there are several studies in which they are used for 
other indications such as rib fracture, thoracotomy, and insertion 
of a cardiac device [25-30]. 

2. Anatomy 
The pectoral and axillary regions are composed of muscles inner-
vated by the brachial plexus and separated by multiple fascias. The 
Pecs and serratus plane blocks are targeting these separated inter-
fascial spaces. There are three groups of nerves we should take into 
account. 

Fig. 5. (A) At the T5 vertebral level, the following three muscles must be identified as above to the hyperechoic transverse process 
(TP) shadow: trapezius (Tz), rhomboid (Rm) major, and erector spinae (ES). (B) At the T7 vertebral level, however, the Rm major 
muscle disappears. The target of the injection must be in the fascial plane, deeper than the ES muscles at the tip of the TP of the 
thoracic spine. Dotted arrows indicate the pathway of the needle. (C) The needle is usually inserted into the plane. 
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The first group is the lateral and medial pectoral nerves. They 
arise from the brachial plexus, communicate with each other 
through the ansa pectoralis, and run between the major and minor 
pectoral muscles innervating them [31,32]. The Pecs 1 block is 
aimed at this interfascial space between the major and minor pec-
toral muscles, expecting to block the pectoral nerves. The lateral 
pectoral nerve arises from the lateral cord of the brachial plexus, 
which is supplied from the C5 to C7 nerve roots, runs down in 
close proximity to the pectoral branch of the thoracoacromial ar-
tery, and innervates the pectoralis major muscle [33]. The medial 
pectoral nerve is a branch of the medial cord of the brachial plexus 
supplied from the C8 to T1 nerve roots. It runs under the pectora-
lis minor muscle and then punctures the muscle to enter the inter-
fascial space between the major and minor pectoral muscles [33]. 

The second group of nerves is the ICNs, which take charge of 
the segmental somatic sensory innervation of the chest wall, axilla, 
and medial aspect of the upper arm. The Pecs 2 and serratus plane 
blocks are mainly targeting this set of nerves. They give off the lat-
eral cutaneous branches just anterior to the midaxillary line. There-
after, they run to the sternal border, turn anteriorly, and terminate 
as the anterior cutaneous branches. The T1 nerve generally has no 
lateral and anterior cutaneous branches, and most of its fibers join 
those from the C8 nerve. Some fibers of the T2 and T3 nerves give 
rise to the intercostobrachial nerve, which innervates the axilla and 
medial aspect of the upper arm. 

The third and the last group of nerves is the long thoracic and 
thoracodorsal nerves. The long thoracic nerve arises directly from 
the C5 to C7 nerve roots, entering the axilla, and resting on and in-
nervating the serratus anterior muscle. The thoracodorsal nerve 
branches from the posterior cord of the brachial plexus. It accom-

panies the thoracodorsal artery and innervates the latissimus dorsi 
muscle.  

3. Sonoanatomy and technique  

1) Pecs 1 block 
The goal of the Pecs 1 block is to infiltrate the local anesthetic into 
the interfascial space between the pectoral muscles to block the lat-
eral and medial pectoral nerves. A high-frequency linear probe (3–
12-MHz linear array transducer) is selected because the involved 
anatomical structures are located superficially. The patient is posi-
tioned supine with the arm next to the chest or abducted at 90°. 
The probe is placed under the lateral third of the clavicle in a sagit-
tal plane where the pectoral muscles and axillary vessels can be vi-
sualized. The pectoral branch of the thoracoacromial artery that is 
in close proximity to the lateral pectoral nerve is seen as a small 
pulsating structure between the pectoral muscles, and it can be 
confirmed using the color Doppler ultrasound (Fig. 6A). Rotating 
the caudal border of the probe slightly laterally, the needle can be 
introduced from the skin to the interfascial space using the in-plane 
technique from proximal and medial to distal and lateral in an 
oblique manner. After confirming the hydrodissection of the two 
pectoral muscles by the injected local anesthetic, the procedure is 
completed. The suggested volume is 10 mL of a long-acting local 
anesthetic [34]. 

2) Pecs 2 block 
The Pecs 2 block is an extension of the Pecs 1 block to achieve the 
blockade of the ICNs, and it includes the Pecs 1 block. From the 
Pecs 1 block position, the probe is moved more laterally to the an-

Fig. 6. (A) The pectoral branch of the thoracoacromial artery (TAA), which is in close proximity to the lateral pectoral nerve, is 
seen as a small pulsating structure between the pectoral muscles, and it can be confirmed using the color Doppler ultrasound. (B, 
C) At the level between the 2nd and 4th ribs, the needle is introduced to the space under the serratus anterior (SA) muscle (Pecs 2 
block). After injecting the anesthetic, the needle is pulled back to the interfascial space between the pectoralis minor (Pm) and the 
SA muscles under ultrasound guidance (Pecs 2 block). After injecting the anesthetic, the needle is pulled back to the interfascial 
space between the pectoral muscles where the Pecs 1 block is performed. Dotted arrows indicate the pathway of the needle. PM, 
pectoralis major. 
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terior axillary line, where the serratus anterior muscle is seen deep 
and posterior to the pectoralis minor muscle. At the level be-
tween the 2nd and 4th ribs, the needle is introduced into the 
space under the serratus anterior muscle (Fig. 6B). After inject-
ing the anesthetic, the needle is pulled back to the interfascial 
space between the pectoralis minor and serratus anterior muscles 
under ultrasound guidance (Fig. 6B, 6C). After injecting the an-
esthetic, the needle is pulled back to the interfascial space be-
tween the pectoral muscles where the Pecs 1 block is performed 
(Fig. 6B). In that space, the remainder of the anesthetic is depos-
ited. The two targeted interfascial compartments can be blocked 
with a single skin puncture by this technique, and it is easier to 
perform the deep block first before the Pecs 1 block. When per-
forming the Pecs 2 block, the first injection of approximately 10 
mL of a long-acting local anesthetic is performed into the space 
under the serratus anterior, and the second injection of 10 mL is 
performed between the pectoralis minor and serratus anterior 
muscles (total, 20 mL) [30]. 

3) Serratus plane block 
The serratus plane block is an easier and safer modification of the 
Pecs blocks, which is expected to block not only the ICNs but 
also the long thoracic and thoracodorsal nerves. This block is 
also performed from the anterior approach with an in-plane tech-
nique under ultrasound guidance. The patient is in a supine posi-
tion with their arm abducted. The probe is placed more laterally 
and posteriorly near the midaxillary to posterior axillary lines. At 
this location, the latissimus dorsi muscle is seen most superficial-
ly and posteriorly (Fig. 7A). The teres major is located superiorly 

Fig. 7. (A) The latissimus dorsi (LD) muscle is seen most superficially and posteriorly. The teres major (TM) is located superiorly 
deep to the LD muscle. Anteroinferiorly, the serratus anterior (SA) muscle is seen deep in the TM and LD muscles. The serratus 
plane block can be performed superficial or deep to the SA muscle. Dotted arrow indicates the pathway of the needle. (B) The 
probe is placed more laterally and posteriorly near the midaxillary to posterior axillary lines. 

deep to the latissimus dorsi muscle (Fig. 7A). Anteroinferiorly, 
the serratus anterior muscle is seen deep to the teres major and 
latissimus dorsi muscles (Fig. 7A). The serratus plane block can 
be performed superficial or deep to the serratus anterior muscle, 
but the superficial plane block is safer and more effective (Fig. 
7A, 7B) [30]. Compared with the Pecs 2 block, the serratus ante-
rior muscle is more superficially located and easier to identify in 
this technique; thus, the blockade is easy to be obtained with a 
low-risk profile. When performing the serratus plane block, ap-
proximately 20 mL of a long-acting local anesthetic is adminis-
tered. 

Conclusion 

We believe that our article is helpful for clinicians to conduct ultra-
sound-guided injections for controlling thoracic spine and chest 
wall pain precisely and safely.  
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Introduction 

Most people experience pain due to pathologies of the nervous or 
musculoskeletal systems [1,2]. When the degree of pain is severe, 
patients’ quality of life decreases, and their function in daily activi-
ties and work deteriorates [1,2]. Therefore, pain control is import-
ant in clinical practice. Corticosteroid injections are frequently 
used [3,4]. However, they can have adverse effects including flush-
ing, hyperglycemia, allergic reactions, menstrual changes, immu-
nosuppression, and adrenal suppression [5,6]. To date, many injec-

Pain from nervous or musculoskeletal disorders is one of the most common complaints in clinical practice. Corticosteroids have a high 
pain-reducing effect, and their injection is generally used to control various types of pain. However, they have various adverse effects 
including flushing, hyperglycemia, allergic reactions, menstrual changes, immunosuppression, and adrenal suppression. Pulsed radiof-
requency (PRF) is known to have a pain-reducing effect similar to that of corticosteroid injection, with nearly no major side effects. 
Therefore, it has been widely used to treat various types of pain, such as neuropathic, joint, discogenic, and muscle pain. In the current 
review, we outlined the pain-reducing mechanisms of PRF by reviewing previous studies. When PRF was first introduced, it was sup-
posed to reduce pain by long-term depression of pain signaling from the peripheral nerve to the central nervous system. In addition, 
deactivation of microglia at the level of the spinal dorsal horn, reduction of proinflammatory cytokines, increased endogenous opioid 
precursor messenger ribonucleic acid, enhancement of noradrenergic and serotonergic descending pain inhibitory pathways, suppres-
sion of excitation of C-afferent fibers, and microscopic damage of nociceptive C- and A-delta fibers have been found to contribute to 
pain reduction after PRF application. However, the pain-reducing mechanism of PRF has not been clearly and definitely elucidated. 
Further studies are warranted to clarify the pain-reducing mechanism of PRF. 
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tion materials have been suggested as substitutes for corticoste-
roids [7-9]. However, the effectiveness of materials that substitute 
corticosteroids is generally inferior to that of corticosteroids. 

Electrical stimulation is thought to have a pain-reducing effect, 
and several types of electrical simulations have been used to allevi-
ate pain [10-12]. Of these various stimulations, radiofrequency 
was found to have a pain-reducing effect similar to corticosteroid 
injection [13-15]. Continuous radiofrequency (CRF) exposes the 
target nerves or tissues to high temperatures (70°C–90°C) via con-
tinuous electrical stimulation [16]. Nerves or tissues treated with 
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CRF are ablated [16]. The ablation of targeted nociceptive nerve 
fibers is thought to be the main mechanism of pain reduction after 
CRF [16]. However, as experiences of CRF use were accumulated, 
physicians realized that the pain could be effectively controlled 
even not under such high temperatures [17-19]. Therefore, it was 
thought that the formation and action of the electrical field around 
the target nerves or tissues would be a more important mechanism 
of PRF action than ablation by high temperatures. In 1998, Sluijter 
et al. [20] first introduced pulsed radiofrequency (PRF). By plac-
ing a long resting phase between brief electrical stimulation, PRF 
does not produce sufficient heat to cause structural damage [20]. 
Therefore, major complications rarely occur after PRF. Since its in-
troduction, PRF has been widely used for various types of pain, 
such as neuropathic, joint, discogenic, and muscular pain [21-24] 
(Fig. 1). 

To date, several clinical studies have demonstrated its positive 
analgesic effect [21-24]. In addition, many researchers have at-
tempted to identify the mechanisms of action of PRF in alleviating 
pain. Although the exact mechanisms have not been elucidated, 
several possible mechanisms have been suggested. 

This review aimed to outline the pain-reducing mechanisms of 
PRF by reviewing previous studies on this topic. 

Basic theory of action of pulsed 
radiofrequency 

CRF supplies high-frequency continuous current to the targeted 
nerves [16]. The tip of the probe during the CRF procedure is at 
approximately 80°C and induces coagulative necrosis to target 
nerve structures around the probe tip [16]. Because the high tem-
perature of a targeted structure decreases rapidly with distance 

from the electrode tip, lesions caused by the CRF procedure are 
well-circumscribed [16]. Therefore, other than damage to the tar-
geted area, other tissues are rarely affected. Electrical neurolysis us-
ing CRF can inhibit the transfer of pain signals and has been prov-
en to have a pain-reducing effect in various musculoskeletal disor-
ders [25,26]. However, neurolysis can result in various side effects, 
such as sensory deficits, neuropathic pain, and skin burns [27,28]. 

In contrast, PRF uses a radiofrequency current comprising alter-
natively repeated electrical stimulation with a short duration (e.g., 
20 ms) and resting phase (e.g., 480 ms) [17-20] (Fig. 2). This al-
lows time for heat elimination and maintains the temperature of 
the target tissue below 42°C. Temperatures below 42°C rarely in-
duce nerve tissue damage [17-24]. Therefore, adverse effects that 
can develop after the C-reactive protein procedure do not occur af-
ter the PRF procedure. PRF stimulation produces selective long-
term depression (LTD) in C-fiber–mediated spinal sensitization 
[29,30]. LTD reduces the efficacy of neuronal synapses in C-fi-
bers, and consequently, inhibits pain signaling from the peripheral 
nerve to the central nervous system [29,30]. LTD after PRF stimu-
lation was supposed to be the main pain-reducing mechanism by 
Sluijter et al. [20], who invented the PRF procedure. Subsequently, 
several animal studies have been conducted to determine the 
pain-reducing mechanism of PRF, and these studies demonstrated 
that several mechanisms other than LTD are associated with pain 
reduction after the application of PRF (Table 1). 

Fig. 1. The application of pulsed radiofrequency procedure on the 
lumbar dorsal root ganglion.

Fig. 2. The waveforms of continuous RF (CRF) and pulsed RF (PRF). 
While CRF is applied continuously without any resting phase, PRF 
has a long resting phase between brief electrical stimulation. RF, 
radiofrequency; Voltage, the amplitude of pulsed RF current.
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Pain-reducing mechanism of pulsed 
radiofrequency 

1. Changes at the molecular level 

1) Decrease of microglial activity 
Microglia in the dorsal horn of the spinal cord play an important 
role in the induction and maintenance of neuroinflammation, re-
sulting in chronic neuropathic pain [31,32]. Activated microglia re-
lease various inflammatory cytokines and chemokines that facili-
tate nociceptive processing at all levels of the neuraxis, including 
the spinal cord and supraspinal centers. Some previous animal 
studies have demonstrated the downregulation of microglia in rats 
with neuropathic pain after the application of PRF [31,32]. In 
2013, Cho et al. [31] applied PRF stimulation (voltage, 45 V; pulse 
rate, 2 Hz; duration, 2 minutes) to the single dorsal root ganglion 
(DRG) in 23 Sprague-Dawley rats with sciatica due to herniated 
discs. After PRF application, mechanical withdrawal thresholds 
significantly increased, which persisted for 40 days. At 41 days after 
PRF application, microglia in the spinal dorsal horn were found to 
be deactivated. In 2016, Cho et al. [32] applied caudal epidural 
PRF (pulse rate, 5 Hz; pulse width, 5 ms; duration, 10 minutes) to 
35 Sprague-Dawley rats with sciatica due to herniated discs. At 14 
days post-PRF, in the sections of the spinal cord from L3, L4, L5, 
L6, and S1, microglial activation was attenuated in rats with herni-
ated discs. The deactivation of microglia in the spinal dorsal horn 
after PRF application seems to prevent the progression from acute 
pain to chronic pain. 

2) Reduction of proinflammatory cytokines 
Inflammation is associated with acute and chronic neuropathic 
pain. An increase in proinflammatory cytokines, such as various 
types of interleukin (IL) and tumor necrosis factor-alpha 
(TNF-α), has been observed in the DRG and spinal dorsal horn in 
animal models of neuropathic pain [33,34]. In 2013, Vallejo et al. 

[35] evaluated the effect of PRF (voltage, 45 V; pulse width, 20 
ms; duration, 3 minutes) on the ipsilateral L5 DRG in six rats ex-
hibiting sciatic nerve injury. Following PRF therapy, increased 
proinflammatory gene expression, such as IL-6 and TNF-α, ob-
served in the sciatic nerve and DRG of rats, returned to baseline 
values. Along with the decreased activation of proinflammatory 
gene expression, mechanical allodynia in the hind paw was alleviat-
ed. In 2019, Jiang et al. [36] applied PRF (pulse width, 20 ms; 
pulse rate, 2 Hz; duration, 2 minutes) on the ipsilateral L5 DRG or 
sciatic nerve in 20 rats with chronic constriction injury to the sciat-
ic nerve. Mechanical allodynia and thermal hyperalgesia were re-
lieved by PRF application. In addition, the authors found that IL-
1β and TNF-α in the peripheral blood were downregulated. This 
anti-inflammatory effect of PRF appears to result in a reduction of 
various types of neuromuscular pain. 

3) Increase in the levels of endogenous opioid precursor mes-
senger RNA and the corresponding opioid peptide 
In 2012, Moffett et al. [37] investigated the molecular changes af-
ter applying PRF using cultured human dermal fibroblasts and hu-
man epidermal keratinocytes. After the application of PRF, the lev-
els of endogenous opioid precursor messenger RNA (mRNA; 
proenkephalin, proopiomelanocortin, and prodynorphin) and 
corresponding opioid peptides were increased. 

This finding suggests that PRF exerts an analgesic effect by in-
creasing endogenous opioid precursor mRNA levels. 

2. Changes in neuronal activity 

1) Activation of pain-inhibitory mechanism 
Previous animal studies have demonstrated that the noradrenergic 
descending inhibitory pathway plays an important role in analgesic 
action [38]. In addition, activation of serotonin receptors, such as 
5-HT1, 5-HT2, and 5-HT3, induces analgesic effects [39,40]. In 
2009, Hagiwara et al. [41] performed an animal study in rats to 
evaluate the mechanism of PRF action. They induced unilateral 
hind paw hyperalgesia by injecting 0.15 mL of Freund’s complete 
adjuvant and applied PRF at 37°C or 42°C for 3 minutes on the 
sciatic nerves. The pain-reducing effect of PRF was significantly in-
hibited by intrathecal injection of the alpha2-adrenoceptor antago-
nist (yohimbine), the selective 5-HT3 serotonin receptor antago-
nist (MDL72222), and the nonselective serotonin receptor antag-
onist (methysergide). Based on their results, they suggested that 
the pain-reducing effect of PRF is correlated with the enhance-
ment of the noradrenergic and serotonergic descending pain inhib-
itory pathways. 

Table 1. The suggested pain-reducing mechanism of pulsed 
radiofrequency

Long-term depression of pain signaling
Changes at the molecular level
 Deactivation of microglia at the level of the spinal dorsal horn
 Reduction of proinflammatory cytokines
 Increment of endogenous opioid precursor messenger ribonucleic acid
Changes in neuronal activity
 Enhancement of noradrenergic and serotonergic descending pain in-

hibitory pathway
 Suppression of excitation of C-afferent fibers
Microscopic damage of nociceptive C- and A-delta fibers
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2) Inhibition of the excitatory nociceptive C-fibers 
In 2017, Huang et al. [29] conducted experiments in rats with neu-
ropathic pain induced by left L5 spinal nerve ligation. After PRF 
stimulation (pulse rate, 2 Hz; pulse width, 25 ms; duration, 5 min-
utes) on the left L5 DRG, the excitation of A- and C-afferent fibers 
was measured by checking the A- and C-components on the 
evoked field potential recordings. They found that PRF significant-
ly suppressed the C-component overtime after 30 minutes, and 
this suppression was sustained for at least 140 minutes after PRF. 
However, the A component was not significantly suppressed after 
PRF stimulation. Mechanical allodynia and thermal analgesia sig-
nificantly reduced after 10 and 14 days, respectively. This result in-
dicates that PRF reduces neuropathic pain by inhibiting or sup-
pressing the excitation of nociceptive C-fibers. 

3. Anatomical changes 

1) Microscopic damage of the nociceptive nerve 
PRF is known to control pain without causing damage to the tar-
geted tissue because the temperature of the targeted tissue does 
not exceed 42°C during PRF stimulation, and the threshold of tis-
sue destruction is known to range from 45°C to 50°C. However, 
Erdine et al. [42] reported tissue destruction after PRF stimula-
tion. In 2009, Erdine et al. [42] conducted PRF stimulation (volt-
age, 45 V; pulse rate, 2 Hz; pulse width, 1 ms) of the sciatic nerve of 
rats. The temperature was not allowed to exceed 42°C. The au-
thors evaluated microscopic alterations in the nerve tissue using 
electron microscopy. After the application of PRF, the destruc-
tion of membranes, mitochondria, microfilaments, and microtu-
bules was observed in the C-fibers, A-delta, and A-beta fibers. C- 
and A-delta fibers are nociceptive nerve fibers. The damage to 
these fibers was attributed to pain reduction after PRF stimula-
tion. 

Conclusion 

In this review, we discuss previous studies on the mechanism of 
pain reduction using PRF. LTD of pain signaling from the periph-
eral nerves to the central nervous system, deactivation of microglia, 
reduction of proinflammatory cytokines, an increase in the endog-
enous opioid precursor mRNA, enhancement of descending pain 
inhibitory pathway, and inhibition and injury of nociceptive nerve 
fibers were suggested to contribute to pain reduction after PRF. 
However, the pain-reducing mechanism of PRF has not been 
clearly and definitely elucidated. Further studies are warranted to 
clarify the pain-reducing mechanism of PRF. 
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Introduction 

Among clinically associated pain conditions, musculoskeletal 
(MSK) pain is the most frequent [1]. MSK diseases are the most 
common cause of severe long-term pain and physical disability 
and have a major impact on the quality of life of patients [2,3]. 
MSK pain affects hundreds of millions of people around the 
world [4]. 

The primary goal of physiatrists is to optimize the pain manage-
ment of their patients with various MSK conditions, including 
acute and chronic muscle, tendon, ligament, and cartilage disor-
ders. The traditional management of MSK pain involves control 
with conservative “Rest, Ice, Compression, Elevation” treatment 
and physical therapy to corticosteroid injections coupled with spe-
cific rehabilitation exercises [5]. 

Although the traditional management of MSK pain may be 
helpful for short-term pain reduction and early recovery of func-
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tion, it does not typically reverse the structural changes associated 
with degenerative conditions. Recently, the multidisciplinary field 
of tissue engineering has been expanding to enhance healing and 
stimulate growth in injuries of soft tissue and bone [6]. 

Platelet-rich plasma (PRP) is one research area that has devel-
oped rapidly in recent years. Historically, hematologists coined the 
term PRP in the 1970s, and platelets have been used to treat pa-
tients with hemorrhage or thrombocytopenia [6,7]. The clinical 
use of PRP as a cell and tissue engineering therapy has dramatically 
increased over the last decade [8]. 

PRP is a biological product defined as the plasma fraction of au-
tologous blood with a platelet concentration above baseline after 
centrifugation [9]. PRP contains many biologically active factors 
such as platelet-derived growth factor, transforming growth fac-
tor-beta (TGF-β), insulin-like growth factor, vascular endothelial 
growth factor, and epidermal growth factor [10]. PRP concen-
trates can promote the supraphysiological release of growth factors 
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to enhance healing in chronic injuries, accelerate the acute injury 
repair process, and reduce MSK pain [11].  

Platelet-rich plasma 

PRP is defined as the plasma fraction of autologous blood with a 
platelet concentration above baseline after centrifugation [9]. 
Platelets are irregularly shaped, non-nucleated cytoplasmic bodies 
derived from fragmentation of megakaryocyte precursors. Platelets 
are important in blood clot formation, thrombosis and hemostasis, 
immunity, inflammation, wound healing, hematological malignan-
cies, and metabolic disorders [12]. 

PRP contains growth factors that promote cellular anabolism 
and enhance the release of inflammatory mediators and modula-
tors that exert anti-inflammatory and analgesic effects [13]. PRP 
counteracts the inflammatory cascade [14]. PRP treatment has 
been shown to induce the release of hepatocyte growth factor 
(HGF), a major anti-inflammatory factor. Growth factors (HGF, 
interleukin-4, and tumor necrosis factor-alpha [TNF-α]) reduce 
the levels of cyclooxygenase (COX)-1, COX-2, and prostaglandin 
E2, which are proinflammatory mediators. Additionally, PRP can 
suppress the production of nuclear factor kappa-light-chain-en-
hancer of activated B cells, which is highly relevant in soft tissue in-
flammation [15,16]. 

PRP promotes tissue regeneration and has gained popularity in 
recent decades [16]. PRP can induce the production of collagen 
and growth factors and might increase stem cell numbers, which 
consequently promotes the healing process by delivering high con-
centrations of alpha-granules containing biologically active moi-
eties (such as vascular endothelial growth factor and TGF-β) to ar-
eas of soft tissue damage [17]. PRP also stimulates cell prolifera-
tion and cartilaginous matrix production by chondrocytes and 
adult mesenchymal stem cells (MSCs). Findings from current clin-
ical trials suggest that PRP has the potential to enhance cartilage re-
pair, attenuate arthritis symptoms, and improve joint function with 
an acceptable safety profile [13]. 

Composition of platelet-rich plasma 

PRP is the plasma from autologous blood after centrifugation and 
contains a rich concentration of platelets and a variety of growth 
factors, cytokines, chemokines, and proteins [18]. The key growth 
factors in PRP are summarized in Table 1. The composition of 
growth factors promotes tissue repair and regeneration, enhances 
angiogenesis, and plays a vital role in anti-inflammatory and anal-
gesic effects [19]. 

Knee osteoarthritis 

Symptomatic knee osteoarthritis (OA) is a leading cause of disabil-
ity globally with a significant financial impact [20]. The develop-
ment of knee OA involves not only the cartilage but also the entire 
joint, with changes in the articular bone, synovial membrane, joint 
capsule, ligaments, and musculature around the joint [21]. 

There is no disease-modifying therapy for the management of 
OA; therefore, the treatment goals are to improve pain and func-
tion. Pharmacotherapy management includes topical and oral non-
steroidal anti-inflammatory drugs, duloxetine, and periodic in-
tra-articular glucocorticoid and hyaluronan injections [22]. 

PRP containing growth factors stimulates local angiogenesis, 
regulates inflammation, inhibits catabolic enzymes and cytokines, 
and recruits local stem cells and fibroblasts to the damaged sites. 
PRP also induces nearby healthy cells to synthesize greater 
amounts of growth factors and increase endogenous hyaluronan 
synthesis with few serious side effects [23-26]. In recent years, 
PRP has emerged as a viable treatment method for the manage-
ment of knee OA [27]. Eighteen studies (all level 1) involving 811 
patients undergoing intra-articular PRP injection (mean age, 57.6 
years) and 797 patients undergoing hyaluronic acid injection 
(mean age, 59.3 years) showed that the mean improvement in 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) total scores was significantly higher in the PRP group 
(44.7%) than in the hyaluronic acid group (12.6%) (p < 0.01) 
[28].  

Many systematic reviews and meta-analyses have found positive 
results for PRP in relieving pain and improving function in knee 
OA [27-30]. Therefore, PRP can be expected to improve pain and 
function in the management of knee OA, although further studies 
are needed for the definitive assessment of knee OA treatment. 

Ankle joint osteoarthritis 

Ankle OA is rarer than OA of the hip and knee and is more com-
mon in young active individuals, with a prevalence of 3.4% in the 
general adult population [31,32]. The primary etiology of ankle 
OA is trauma, and the overall risk of developing posttraumatic an-
kle OA after 20 years is almost 40%. The management of ankle OA 
involves nonsurgical options (medications, physical therapy, or-
thotics and insoles, and intra-articular injections) and surgical op-
tions (joint-sparing surgery, total ankle arthroplasty, and ankle ar-
throdesis) [33]. 

Individuals with ankle OA, hemophilic arthropathy, and rheu-
matoid arthritis were included in 27 studies (1,085 patients). Most 
of these studies were observational. A case series found that PRP, 
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MSC, hyaluronic acid, and corticosteroid injections provided 
symptomatic relief, although the efficacy of corticosteroid injec-
tions was short-term [34]. 

PRP injections for ankle OA are valid and safe alternatives for 
postponing the need for surgery [31]. PRP injections are favored 
for the treatment of pain associated with ankle OA. However, the 
relative efficacy of PRP injection therapy is far from definitive and 
warrants further high-quality comparative trials [34]. 

Temporomandibular joint osteoarthritis 

The prevalence of temporomandibular (TM) joint OA is increas-
ing, and it is more common in women. OA may cause pain in the 
TM joint area [35,36]. Excessive or prolonged overload of TM 

joints may lead to adverse remodeling, resulting in OA. The man-
agement of TM OA includes conservative treatment (medications, 
splints, and physiotherapy), intra-articular injections, arthrocente-
sis, arthroscopy, and open-joint surgery [37]. 

A comparative randomized study showed that maximum im-
provements in pain-free mouth opening and reduction in pain se-
verity were observed in all groups (bite splint, betamethasone, so-
dium hyaluronate, and PRP injections in addition to using the bite 
splint). In the PRP group, patients with a maximum pain-free 
mouth opening value of 25.8 mm before treatment improved to 
46.8 mm after treatment. The PRP group showed the best results 
after 6 months [38]. 

PRP injections may reduce pain and joint sound and improve 
the range of motion of the TM joint because PRP injections have 

Table 1. Growth factors contained in platelet-rich plasma and their major physiological actions

Growth factor  Physiological action 
Transforming growth factor-β Enhances undifferentiated mesenchymal cell proliferation

Modulates endothelial, fibroblastic, and osteoblastic mitogenesis
Modulates collagen synthesis and collagenase secretion
Modulates mitogenic effects of other growth factors
Enhances endothelial chemotaxis and angiogenesis
Inhibits macrophage and lymphocyte proliferation

Fibroblast growth factor Enhances growth and differentiation of chondrocytes and osteoblasts
Mitogenic for mesenchymal cells, chondrocytes, and osteoblasts

Platelet-derived growth factor A and B Mitogenic for mesenchymal cells and osteoblasts
Promotes chemotaxis and mitogenesis in fibroblast, glial, or smooth muscle cells
Modulates collagenase secretion and collagen synthesis
Promotes macrophage and neutrophil chemotaxis

Epidermal growth factor Enhances endothelial chemotaxis or angiogenesis
Modulates collagenase secretion
Enhances epithelial or mesenchymal mitogenesis

Vascular endothelial growth factor Stimulates angiogenesis and vessel permeability
Enhances mitogenesis for endothelial cells

Connective tissue growth factor Stimulates angiogenesis
Cartilage regeneration
Fibrosis and platelet adhesion

Insulin-like growth factor 1 and 2 Chemotactic for fibroblasts and stimulates protein synthesis
Stimulates bone formation

Platelet factor 4 Promotes the initial influx of neutrophils into wounds
Chemoattractant for fibroblasts

Interleukin-8 Proinflammatory mediator
Recruitment of inflammatory cells

Keratinocyte growth factor Stimulates endothelial cell growth, migration, adhesion, and survival
Angiogenesis

Reproduced from Dhillion et al. [19] according to the Creative Commons License.
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anti-inflammatory and analgesic properties. PRP restores intra-ar-
ticular hyaluronic acid levels, increases chondrocyte glycosamino-
glycan synthesis, and balances joint angiogenesis. However, a stan-
dardized protocol for PRP preparation and application needs to be 
established [37-40]. 

Low back pain 

Low back pain (LBP) involves a spectrum of different types of pain 
(e.g., nociceptive, neuropathic, nociplastic, and nonspecific) that 
frequently overlap. LBP can be caused by lumbar spine elements 
(e.g., soft tissue, vertebrae, zygapophyseal and sacroiliac joints, in-
tervertebral discs, and neurovascular structures) [41]. Therapy for 
LBP usually begins with self-care and medication in combination 
with non-pharmacological methods, such as physical therapy and 
psychological treatment, in appropriate patients [42]. 

Systematic reviews and single-arm meta-analyses showed that 
PRP may be effective in managing discogenic LBP, radicular pain, 
facet joint pain, and sacroiliac joint pain. However, the levels of ev-
idence vary [43,44]. Intradiscal PRP injections can be a safe, inex-
pensive, and feasible treatment to counter the intervertebral disc 
degeneration associated with LBP. It is important to administer 
PRP early during the course of treatment to stimulate growth of 
the remaining cells in the disc [45,46]. PRP injections in the lum-
bar multifidus muscle can be a safe and inexpensive approach to 
treating LBP [47]. A small number of prospective trials have de-
scribed that PRP injection may improve the pain or functional de-
cline caused by facet joint arthropathy for a longer duration [48]. 

In 2017, a prospective comparative study including 46 patients 
showed statistically significant pain reduction in both groups 
(PRP, group A and corticosteroid/local anesthesia, group B). 
However, for subjective satisfaction based on the modified Mac-
Nab criteria, the success rate for group B remained at 20% after 6 
months, while it increased over time in group A. Therefore, autolo-
gous PRP was suggested as a superior treatment option for 
long-duration efficacy in lumbar facet joint syndrome [49]. 

Twenty patients completed another prospective clinical trial. 
The improvements in pain scores (numerical rating scale and Os-
westry Disability Index scores) were positively correlated with 
platelet concentrations in the PRP group [46]. 

In conclusion, the use of PRP in various injections, such as intra-
discal, intrafacet, and intramuscular injections, has yielded signifi-
cantly reduced pain and improved patient satisfaction, with a sig-
nificant advantage of no major complications. However, further 
studies with larger sample sizes and control groups are needed to 
confirm its efficacy [43,44,48,50]. 

Myofascial pain syndrome 

Myofascial pain is an important cause of disability in the whole 
population [51]. Emerging symptoms arise from each painful my-
ofascial trigger point, which is a hypersensitive spot within a taut 
band of skeletal muscle that produces pain on compression, 
stretch, overload, or contraction of the tissue. The end result is usu-
ally pain that is perceived to be distant from the spot of origin. In a 
randomized controlled trial, there was no statistically significant 
difference in pain levels between the “lidocaine” and “PRP” groups 
before and 2 weeks after treatment; however, a statistically signifi-
cant difference was found between the two groups 4 weeks after 
treatment (p < 0.001). Specifically, 4 weeks after the injection, the 
average pain of the patients in the lidocaine and PRP groups was 
3.4 and 0.9 on the visual analogue scale (VAS), respectively [52]. 

There are a few studies associated with myofascial pain that were 
conducted only on the masticatory muscles, which are involved in 
the most common TM disorders. PRP injections effectively im-
proved trigger-point symptoms in the masseter muscle at 1 and 3 
months [52,53]. 

Lateral epicondylitis 

As tendons have poor vascularity, the tissue has limited healing and 
the lesions are not reversible, resulting in tendinopathies due to 
trauma or excessive overload. This causes tendon soreness, re-
duced strength, pain upon exertion, and progressive reduction in 
function [54]. 

Lateral epicondylitis, also known as tennis elbow, is a common 
musculotendinous degenerative disorder of the extensor origin at 
the lateral humeral epicondyle in adults [55], with a prevalence of 
1% to 3% in the general population [56]. The presenting symp-
toms include lateral elbow pain, pain caused by wrist extension, 
and weakened grip strength. The diagnosis is always made clinical-
ly through medical history and physical examinations [57]. The 
treatment of lateral epicondylitis includes rest, nonsteroidal anti-in-
flammatory medication, bracing, physical therapy, extracorporeal 
shock wave therapy (ESWT), and botulinum toxin injection [58]. 

Compared with lateral epicondyle surgery, PRP injections pro-
vide similar improvements in pain and function in patients suffer-
ing from lateral epicondylitis [59]. PRP components promote cell 
recruitment, proliferation, and angiogenesis. It has also been sug-
gested that PRP induces a transient inflammatory response, result-
ing in a regenerative response and immunomodulatory effects on 
tenocytes [60]. 

A randomized study involving 83 patients was conducted in 
2007. The study was composed of two groups: group A, local ste-
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roid injection (n = 50) and group B, autologous PRP (n = 33). A 
significant difference between the two groups (p = 0.0001) was 
found in pain and function at the end of 6 months. Group B 
showed a 91% mean improvement (8.33–0.69) in VAS score com-
pared to a 42.2% mean improvement (7.98–4.61) in group A. Re-
garding function assessment, MAYO Elbow Scores also indicated a 
favorable outcome in the PRP-treated patients (group B) with a 
54.4% mean improvement (61.51–95.0) compared to a 1.25% 
mean improvement (63.92–63.12) in the steroid-treated patients 
(group A), a difference that was statistically significant (p =0.0001) 
[61]. 

Many systematic reviews and meta-analyses have found that 
PRP can be considered a safe and effective treatment option for lat-
eral epicondylitis with clinical improvements in pain and function, 
although there is a lack of quantification of specific PRP content 
and considerable heterogeneity among randomized controlled tri-
als exists [62-65]. 

Plantar fasciitis 

Plantar fasciitis is a common cause of heel pain and is associated 
with significant morbidity. It is a debilitating degenerative condi-
tion of the plantar fascia resulting from repetitive microtrauma and 
excessive strain on the plantar surface of the foot [66]. PRP may 
modulate plantar fascia degeneration because of its regenerative 
properties [67]. PRP also releases vascular endothelial growth fac-
tor, which increases angiogenesis and may facilitate the healing of 
degenerative conditions by promoting neovascularization and re-
pair [68]. 

PRP has been suggested as a safe therapeutic option in the 
treatment of plantar fasciitis, as it reduces pain and improves func-
tion in patients with this condition, and its effect persists long 
term [69-71]. 

Patellar tendinopathy (jumper’s knee) 

Patellar tendinopathy (PT) is referred to as “jumper’s knee,” a 
clinical and chronic overuse condition of unknown pathogenesis 
and etiology [72]. A large proportion of patients are refractory to 
conservative treatment, and a variety of new treatments have 
emerged, including PRP injections [73]. PRP-containing growth 
factors have been shown to play a role in tendon healing [74,75]. 
The growth factors in PRP have been observed to play crucial 
roles in the tissue healing process, collagen production, and ten-
don cell proliferation [76]. 

To compare PRP with focused ESWT among athletes with 
chronic PT, a randomized controlled single-center trial with 12 

months of follow-up was performed. During the 12-month fol-
low-up period, the Victorian Institute of Sport Assessment-Patel-
la questionnaire scores for both groups improved significantly 
from baseline (55.3 for PRP, 56.1 for ESWT), although the PRP 
group showed greater improvement at 6 months (86.7 vs. 73.7, 
p=0.014) and 12 months (91.3 vs. 77.6, p=0.026). The pain scores 
during five single-leg squats demonstrated similar trends. At 12 
months, a greater proportion of patients in the PRP group rated 
their response to treatment as good or excellent (PRP, 91.3% vs. 
ESWT, 60.8%; p = 0.035) [77]. 

Therefore, PRP plays a potential role in the treatment of PT, 
leading to a significant decrease in pain and significant improve-
ment in knee function and quality of life over 12 months [78-82]. 

Rotator cuff tendinopathy 

More than 50% of all shoulder pain cases are considered to be re-
lated to tendinopathies of the rotator cuff (RC), such as tendinosis 
and incomplete thickness tears of the supraspinatus [81]. In the 
management of RC tendinopathy, physical rehabilitation, rest, and 
nonsteroidal anti-inflammatory drugs are considered conventional 
treatments; however, the best treatment is still inconclusive [83, 
84]. 

PRP has been reported to promote the proliferation of two ten-
don cell types; tenocytes and tendon stem/progenitor cells. Sever-
al studies have shown that PRP can induce tenocyte proliferation 
in vitro [85].  

For patients with RC tendinopathy, corticosteroids yield pain 
reduction and functional improvement in the short term (3–6 
weeks), but not in the long term (over 24 weeks). In contrast, 
PRP may yield better long-term outcomes (more than 24 weeks) 
[86]. 

Moreover, the long-term retear rates of RC-related abnormalities 
were significantly decreased in patients who received PRP [87]. 

Many systematic reviews and meta-analyses have found that the 
currently available clinical evidence on PRP injections supports a 
beneficial effect on pain reduction and functional outcomes in RC 
tendinopathy [88-91]. 

Adhesive capsulitis 

Adhesive capsulitis (AC) of the shoulder is a common clinical con-
dition characterized by insidious and progressive pain resulting in 
loss of glenohumeral joint function [92]. However, the etiology of 
AC remains unclear. It has been postulated that the motion limita-
tions of the shoulder joint are due to an imbalance between fibrosis 
and loss of normal collagenous remodeling after an inflammatory 
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healing response [93]. 
PRP can exert an anti-inflammatory effect at the inflammation 

site by releasing TNF-α, HGF, and lipoxin A4, which are potent 
anti-inflammatory agents [94,95]. 

At the 12-week follow-up in another study, a single injection of 
PRP was found to be more effective than corticosteroid injection 
in improving pain, disability, and shoulder range of movement in 
patients with AC [96]. 

PRP injections have been found to be effective in reducing pain 
and improving shoulder joint function due to AC [93,96,97]. 
These findings suggest that PRP is a therapeutic option for the 
management of AC. 

Adverse effects 

The most common adverse effect was mild pain and discomfort at 
the injection site after PRP injection [98]. Some authors have re-
ported that PRP injections are more painful than saline injections. 
However, no serious adverse effects were observed [99]. 

Limitations 

Although good clinical outcomes and safety profiles can be 
achieved with the use of PRP, there are discrepancies in the exist-
ing literature. Several variables must be considered when using 
PRP. However, these variables were not described herein. PRP 
preparation methods, types of activators, types of pathology to be 
treated, routes and times of administration, and the association of 
PRP with other treatments can influence outcomes. Although sev-
eral research articles have been published on PRP, this field still re-
quires more scrutiny because of the inconsistent results of different 
studies, and a definite direction remains elusive. 

Conclusion 

This review article presents available evidence supporting the clini-
cal efficacy of PRP in patients with MSK pain, with fewer side ef-
fects. PRP leads to reductions in pain and improvements in pa-
tient’s function; however, evidence to clarify the discrepancies in 
PRP therapy is still needed. 

Notes 
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Introduction 

In December 2019, a coronavirus disease 2019 (COVID-19) out-
break occurred in Wuhan (Hubei, China) [1]. In early 2020, 
COVID-19 began to spread rapidly on a global scale. On March 
11, 2020, the World Health Organization (WHO) officially de-
clared COVID-19 a pandemic [2]. This rapid and unprecedented 
pandemic has led to significant mental health problems such as de-
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pression and anxiety among healthcare workers (HCWs) and the 
general population [3,4]. 

The WHO identified HCWs as a group particularly at risk of de-
veloping a wide range of physical and mental problems as a result 
of working directly or indirectly with COVID-19 patients [5]. 
HCWs are at the forefront of the fight against infectious diseases 
and in providing patient care. HCWs are exposed to severe stress, 
high emotional load, long working hours, the risk of being infected 
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or infecting their families, inadequate support in the work environ-
ment, and the lack of effective supportive treatments, all of which 
affect their mental health [6,7]. HCWs may experience a variety of 
symptoms, including anxiety, stress, fear, and insomnia [8]. Repre-
senting almost half of the global healthcare workforce, nurses are at 
the forefront of providing care and services across the health spec-
trum [9]. Thus, their mental health is most likely to be affected. 
For example, a study revealed that during the peak of the 2003 se-
vere acute respiratory syndrome (SARS) outbreak in Taiwan, nurs-
es treating patients suffered from extreme stress, among other psy-
chological problems [10]. Burnout was reported to be especially 
high among nurses who worked long hours with the Middle East re-
spiratory syndrome (MERS) patients [11]. A meta-analysis demon-
strated that young HCWs who were nurses and women during the 
SARS/MERS/COVID-19 epidemics/pandemics were particularly 
vulnerable to SARS/MERS/COVID-19–related psychological dis-
tress, including anxiety, depression, and exhaustion [4]. 

South Korea has been in a state of emergency since February 23, 
2020 owing to the COVID-19 crisis. In the Daegu and Gyeongbuk 
province, a region located in South Korea, the number of people 
infected with COVID-19 has increased dramatically since the 31st 
case was confirmed. Approximately 5,300 additional cases were 
confirmed within 15 days, representing approximately 70% of the 
total number of confirmed cases. Daegu became the epicenter of 
the outbreak in South Korea [12]. Innumerable medical workers 
and resources have been devoted to the efforts to treat COVID-19. 
To control the spread of COVID-19, the authorities of Daegu car-
ried out various administrative regulations. All citizens in Daegu 
were asked to self-quarantine and maintain social distancing. South 
Korea began implementing quarantine measures along with social 
distancing, especially considering the number of confirmed cases 
in Daegu since March 22, 2020. As the sporadic cases persisted, 
the Ministry of Health and Welfare categorized social distancing 
rules into three stages, with Stage 1 being the least intense and 
Stage 3 being the most stringent. Stage 3 had to be implemented 
on June 28, 2020, and schools and companies were urged to close. 
Since the explosive outbreak, Daegu has maintained a low level of 
social distancing in daily life. 

Due to the ongoing COVID-19 pandemic, HCWs are constant-
ly exposed to the risk of infection, and they need to maintain strict 
social distancing for several weeks or months. There are numerous 
studies on the psychological impact of the COVID-19 outbreak on 
frontline HCWs, particularly nurses. However, few studies have 
compared the impact of such outbreaks on those who perform 
tasks directly related to the outbreak versus those who do not. This 
has left gaps in the existing literature in terms of understanding the 
different mental health outcomes of different groups of people 

during such crises. The present study provides an assessment of 
the mental health burden of nurses working directly and indirectly 
with COVID-19 patients. 

Methods 

Ethical statements: The Institutional Review Board of Dae-
gu Catholic University Hospital (IRB No: CR-20-109) re-
viewed and approved this study. Informed consent was ob-
tained from all respondents.

1. Study design and participants 
The study was conducted with medical nurses working at Daegu 
Catholic University Hospital in Korea during the COVID-19 out-
break. Since the outbreak of COVID-19, the hospital has been in 
charge of the diagnosis and treatment of COVID-19 (March 1 to 
May 6, 2020). The survey was conducted from August 4 to August 
9, 2020, and data were collected through an online questionnaire 
distributed to HCWs via a mobile text message. Of the 1,387 
HCWs, 500 were selected using a random extraction method, of 
which 133 responded to the questionnaire. Only one response was 
permitted per person. Questionnaires with missing information 
were excluded from the study. Accordingly, 111 participants were 
enrolled in the study. 

2. Measurements 
The questionnaire was designed to identify factors that could af-
fect the mental health of nurses. Demographic factors included 
age, sex, and medical history. COVID-19–related variables includ-
ed quarantine experience, confirmed COVID-19 cases among 
family members, and exposure to COVID-19–related tasks. 
COVID-19–related tasks included working in the isolation ward 
or screening center and working directly with patients who were 
positive for COVID-19 or those having a high chance of being in-
fected. Tasks not related to COVID-19 included working in a gen-
eral ward (non-COVID-19), entrance visitor screening, and work-
ing in outpatient departments. These non-COVID-19–related 
tasks pertain to other consequences of the pandemic and do not 
involve coming face-to-face with infected patients. 

1) Perception of COVID-19 threat 
Participants were asked about their perceived threat of COVID-19. 
The items were adapted from those used in a previous study as-
sessing the psychological impact of SARS on hospital employees 
[10], including perceived job risk, perceived stigma, perceived 
job stress, fear of infection, little control, worry about transmis-
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sion, concern for others, and thought of the possibility of death. 
The survey consisted of 10 questions rated on a 5-point Likert-
type scale ranging from 1 to 5 (1, strongly disagree; 5, strongly 
agree). 

2) Measurement of depression and anxiety symptoms 
Patient Health Questionnaire-9 (PHQ-9) is a 9-item self-adminis-
tered instrument, used to measure depression symptoms [13,14]. 
Items are rated on a 4-point Likert-type scale ranging from 0 (not 
at all) to 3 (nearly every day). The total scores range from 0 to 27 
(cutoff value ≥ 10). Generalized Anxiety Disorder-7 (GAD-7) is a 
tool for assessing the presence of anxiety [15-17]. Items are rated 
on a 4-point Likert-type scale ranging from 0 (not at all) to 3 (near-
ly every day). The total scores range from 0 to 21 (cutoff value 
≥ 10). Cronbach’s alpha in the current study was 0.882 and 0.859 
for PHQ-9 and GAD-7, respectively. 

3) Impact of Event Scale-Revised 
The Korean version of Impact of Event Scale-Revised (IES-R) has 
been used to assess psychological distress among the general popu-
lation, workers, and psychiatric patients [18]. The IES-R is a 22-
item, 6-point scale (0, not at all; 1, a little bit; 2, moderate; 3, quite a 
bit; and 4, extreme), with a Cronbach’s alpha of 0.967. The total 
score ranges from 0 to 88. A total score of ≥ 25 in the Korean ver-
sion of the IES-R is indicative of posttraumatic stress disorder 
(PTSD), whereas a score of ≥ 18 indicates the presence of PTSD-
like symptoms [19]. 

4) Maslach Burnout Inventory-General Survey 
Burnout measurement was performed using the Korean version of 
the Maslach Burnout Inventory-General Survey (MBI-GS) devel-
oped by Maslach and Jackson [20]. The validity of the Korean ver-
sion of the MBI-GS was verified by Shin [21]. Overall burnout 
was defined as a high score in either the emotional exhaustion or 
depersonalization subscale (cutoff scores: > 13 for emotional ex-
haustion, > 8 for depersonalization, and < 18 for personal accom-
plishment) [22]. Cronbach’s alpha for the current study was 0.784.  

3. Statistical analysis  
Pearson chi-square test or Fisher exact test was used to determine 
whether there was a significant difference in basic characteristics, 
perception of threat, and severity ratings of PHQ-9, GAD-7, 
IES-R, and MBI-GS between the groups depending on the assign-
ment of COVID-19–related tasks. Statistical analysis was per-
formed using PASW Statistics ver. 18.0 for Windows (IBM Corp., 
Armonk, NY, USA), and the level of significance was set at 0.05. 

Results 

1. Demographic characteristics 
Of the 500 surveys transmitted, 111 responses (22.2%) were re-
ceived. The basic characteristics of the respondents according to 
their participation in COVID-19 treatments are shown in Table 1. 
Twenty-five respondents (22.5%) performed COVID-19–related 
tasks. Most respondents in both groups were women in their 20s. 
Only 28.8% of the participants had educational training for infec-
tious diseases. The group with participants who performed 
COVID-19–related tasks had more quarantine experience during 
the COVID-19 outbreak (related vs. unrelated, 20% vs. 5.8%; 
p = 0.044). Most respondents did not have family members who 
were infected nor did they have comorbidities. 

2. Perception of COVID-19 threat 
Regarding perceived threat, most respondents felt that their jobs 
were risky. There was no significant difference between the two 
groups. Over half of the respondents reported that “My job puts 
me at a great risk,” “I feel more stress at work,” “I accept the risk 
of caring for COVID-19 patients,” “I am afraid of falling ill with 
COVID-19,” or “I am afraid I will pass COVID-19 to others.” 
The items “I accept the risk of caring for COVID-19 patients,” “I 
feel more stress at work,” and “I am afraid I will pass COVID-19 
to others” showed high proportions in all groups. However, the 
items “People avoid my family because of my work,” “I have little 
control over whether I get infected or not,” “I think of resigning 
because of COVID-19,” and “I have little chance of survival if I 
were to get COVID-19” showed low proportions in all groups 
(Table 2). 

3. Comparison of depression, anxiety, distress, and burnout 
among nurses 
Table 3 shows the distribution of scores within the PHQ-9, GAD-
7, IES-R, and MBI-GS severity cutoffs. The prevalence of mild de-
pression in the COVID-19–related task group was significantly 
lower than that in the unrelated task group (16.0% vs. 32.6%, 
p = 0.037). However, the prevalence of moderate to severe depres-
sion was significantly higher in the related task group (52.0% vs. 
25.6%, p = 0.037). All respondents had a GAD-7 score of ≥ 5. 
Based on a cutoff value of 10, the prevalence of moderate to severe 
anxiety was 12.0% and 7% in each group, respectively. However, 
there were no statistically significant differences between the two 
groups. Twenty-six respondents (23.4%) screened positive for 
PTSD, 13 (11.7%) for PTSD-like symptoms, 41 (36.9%) for emo-
tional exhaustion, 33 (29.7%) for depersonalization, 40 (36.0%) 
for low personal accomplishment, and 49 (44.1%) for burnout. 
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Table 1. Basic characteristics of respondents according to participation in COVID–19 treatment

Characteristic Total Related group Unrelated group p-value
Patient 111 (100) 25 (22.5) 86 (77.5)
Sex 0.615
 Male 6 (5.4) 2 (8.0) 4 (4.7)
 Female 105 (94.6) 23 (92.0) 82 (95.3)
Age (yr) 0.073
 20s 60 (54.1) 18 (72.0) 42 (48.8)
 30s 32 (28.8) 2 (8.0) 30 (34.9)
 40s 12 (10.8) 3 (12.) 9 (10.5)
 50s 7 (6.3) 2 (8.0) 5 (5.8)
Educational training for infectious diseases 0.057
 Yes 32 (28.8) 11 (44.0) 21 (24.4)
 No 79 (71.2) 14 (56.0) 65 (75.6)
Quarantine experience 0.044
 Yes 10 (9.0) 5 (20.0) 5 (5.8)
 No 101 (91.0) 20 (80.0) 81 (94.2)
Family member with confirmed COVID-19 >0.999
 Yes 4 (3.6) 1 (4.0) 3 (3.5)
 No 107 (96.4) 24 (96.0) 83 (96.5)
Comorbidity 0.681
 None 102 (91.9) 24 (96.0) 78 (90.7)
 Chronic diseasea) 9 (8.1) 1 (4.0) 8 (9.3)

Values are presented as number (%).
COVID–19, coronavirus disease 2019.
a)Chronic diseases include hypertension, diabetes, cancer, psychiatric disease, and other conditions.

Table 2. Comparison of the perception of threata) of COVID–19 between the two groups

Itemb) Total (n=111) Related group (n=25) Unrelated group (n=86) p-value
1. My job puts me at a great risk 78 (70.3) 17 (68.0) 61 (70.9) 0.778
2. I feel more stress at work 78 (70.3) 21 (84.0) 57 (66.3) 0.135

3. I accept the risk of caring for COVID–19 patients 72 (64.9) 20 (80.0) 52 (60.5) 0.096

4. I am afraid of falling ill with COVID–19 67 (60.4) 15 (60.0) 52 (60.5) 0.967

5. I have little control over whether I get infected or not 26 (23.4) 5 (20.0) 21 (24.4) 0.791

6. I have little chance of survival if I were to get COVID–19 0 (0) 0 (0) 0 (0)

7. I think of resigning because of COVID–19 3 (2.7) 2 (8.0) 1 (1.2) 0.127

8. I am afraid I will pass COVID–19 to others 68 (61.3) 16 (64.0) 52 (60.5) 0.749

9. My family and friends are worried they might get infected 
through me

55 (49.5) 13 (52.0) 42 (48.8) 0.781

10. People avoid my family because of my work 15 (13.5) 3 (12.0) 12 (14.0) >0.999

Values are presented as number (%).
COVID–19, coronavirus disease 2019.
a)Sum of “agree” and “strongly agree.” b)Modified from Chong et al. [10].

There was no significant difference between the two groups in 
terms of distress and burnout. 

Discussion 

The main outcome of this study indicates that after the COVID-19 
outbreak, those who performed COVID-19–related tasks were 
more likely to have moderate depression. There were no signifi-

cant differences between the GAD-7, IES-R, and MBI distribu-
tions. 

In the existing meta-analysis on the psychological impact of 
COVID-19 on HCWs from 13 studies, the prevalence of depres-
sion was 22.8% [23]. The prevalence of depression and anxiety in 
the current study was 31.5% and 9%, respectively, and nurses in-
volved in COVID-19–related tasks showed a higher prevalence of 
depression than those who were not involved. Most respondents 
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had mild anxiety (91.9%). This outcome was similar to that of ear-
lier studies, which found that HCW jobs involving close contact 
with COVID-19 patients can be risk factors for depression and 
anxiety. Exposure to unspecified patients has also been associated 
with depression and anxiety [24]. There are some concerns that 
GAD-7 may not be sensitive to measuring reactive anxiety after 
stress. However, GAD-7 has the advantage of effectively discrimi-
nating anxiety disorders in a short period of time and has been 
widely used in epidemiologic studies [25]. 

The prevalence of PTSD-like symptoms, PTSD, and burnout 
among respondents was 11.7%, 23.4%, and 44.1%, respectively. 
There were no statistically significant differences between the two 
groups. Previous studies on the impact of COVID-19 on the men-
tal health of HCWs have indicated that frontline HCWs who pro-
vide direct care to COVID-19 patients are at a higher risk of dis-
tress and burnout [26,27]. Women, nurses, and young people have 
greater psychological distress than men and physicians, as the 
formers are thought to be more vulnerable to stress [24,28]. Con-
sidering reasons the results differ from those of previous studies, 
the participants’ receptive attitude toward the disease and educa-
tional training on infectious diseases may have acted as protective 
factors. In the case of the COVID-19–related task group, a signifi-
cant proportion of the responses agreed with the item, “I accept 
the risk of caring for COVID-19 patients” and disagreed with the 
items, “I have little control over whether I get infected or not” and 

“I think of resigning because of COVID-19,” indicating that they 
are receptive and positive toward taking care of COVID-19 pa-
tients. Since the COVID-19–related task group was mainly en-
gaged with high-risk infectious disease and received infectious dis-
ease education, as opposed to the other group, the effect on mental 
health may have been offset. 

Furthermore, considering that this study was conducted 
during Stage 1 of social distancing norms, psychological adapta-
tion may have occurred over time. In the Daegu-Gyeongbuk re-
gion, minor local infections have continued since the explosive 
spread in February 2020 [29]. Regarding SARS, a study on 1,257 
HCWs reported differences in mental health across the two 
phases of the outbreak. In the initial phase, when the disease 
spread rapidly, 81% of the participants experienced anxiety. 
During the repair phase, when the infection was brought under 
control, 77% experienced anxiety. The decreasing anxiety was 
thought to be the result of the virus being under control and the 
increasing recognition that the disease was preventable [30]. A 
Chinese study on frontline nurses supplying care to patients with 
COVID-19 also recorded psychological changes over time; psy-
chological adaptation was observed during the later stage. This 
might be mainly due to the familiarity of the nurses with the 
work environment and processes, the mutual support of team 
members, monetary incentives, social support, and recognition 
from the government and public. They felt that what they were 

Table 3. Distribution of nurses across the PHQ–9, GAD–7, IES–R, and MBI–GS severity ratings by group

Scale/severity Total (n=111) Related group (n=25) Unrelated group (n=86) p-value

PHQ–9 0.037*

 No depression 44 (39.6) 8 (32.0) 36 (41.9)
 Mild (5–9) 32 (28.8) 4 (16.0) 28 (32.6)
 Moderate to severe (≥10) 35 (31.5) 13 (52.0) 22 (25.6)

GAD–7 0.418

 Mild (5–9) 102 (91.9) 22 (88.0) 80 (93.0)
 Moderate to severe (≥10) 9 (8.1) 3 (12.0) 6 (7.0)

IES–R 0.470

 No 72 (64.9) 15 (60.0) 57 (66.3)
 PTSD-like (≥18 – <25) 13 (11.7) 2 (8.0) 11 (12.8)
 PTSD (≥25) 26 (23.4) 8 (32.0) 18 (20.9)

MBI–GS

 EE (>13) 41 (36.9) 11 (44.0) 30 (34.9) 0.436
 DP (>9) 33 (29.7) 9 (36.0) 24 (27.9) 0.920
 PA (<18) 40 (36.0) 9 (36.0) 31 (36.0) 0.997
Burnout 49 (44.1) 14(56.0) 35 (31.5) 0.175

Values are presented as number (%).
PHQ–9, Patient Health Questionnaire–9; GAD–7, Generalized Anxiety Disorder–7, IES–R, Impact of Event Scale–Revised; PTSD, posttraumatic stress dis-
order; MBI–GS, Maslach Burnout Inventory–General Survey; EE, emotional exhaustion; DP, depersonalization; PA, personal accomplishment.
*p<0.05.
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doing was important and valuable to the health of the people and 
the nation. Their energy was renewed by rediscovering the origi-
nal purpose of their dedication to care, reevaluating the nursing 
profession, taking pride in their contributions, and having an up-
graded sense of personal accomplishment [31]. 

This study has some limitations. First, the sample size was small 
and may not be representative of the psychological states of all 
nurses. In addition, differences in mental status according to the 
tenure of the nurse or the type of work were not included in the 
study. Further investigations with a larger sample size and detailed 
classification are needed. Second, the study design did not include 
an analysis of the causes of psychological strains, such as work-re-
lated stress. Further studies on the various factors that may affect 
the psychological status of nurses are needed. Third, this study was 
cross-sectional, so it was unable to distinguish pre-existing mental 
health symptoms from new symptoms. Considering the long dura-
tion of COVID-19, the psychological status of nurses can change 
over time. It would be ideal to reinvestigate the mental health of 
nurses after a period of time, including long periods of depression, 
anxiety, stress, and burnout. It is important to highlight the impor-
tance of designing interventions that target female nurses who 
work directly with infectious diseases, as they may experience 
higher psychological burdens.  

The COVID-19 pandemic had negative psychological implica-
tions for nurses who performed COVID-19–related tasks. They 
showed a higher risk of depression, but anxiety, distress, and burn-
out were not significantly different between the two groups. Con-
tinued psychiatric interventions of emotionally vulnerable groups 
among HCWs are required for infectious disease outbreaks. 
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Introduction 

The first case of severe acute respiratory syndrome coronavirus 2 
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(SARS-CoV-2) infection in South Korea was confirmed on Janu-
ary 20, 2020, and the first case in Daegu was confirmed on Febru-
ary 18, 2020. The famous 31st case in South Korea was a 61-year-
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old woman who lived in Daegu and infected more than 1,100 peo-
ple [1]. After the first confirmed SARS-CoV-2 infection case in 
Daegu, the cases of laboratory-confirmed SARS-CoV-2 infection 
increased rapidly to a maximum of 741 patients per day [2]. Daegu 
became the first city with a large-scale coronavirus disease 2019 
(COVID-19) outbreak outside China. During the COVID-19 
outbreak in Daegu, 11,037 cases were confirmed, and 222 patients 
died [2]. 

Few hospitals in Daegu were prepared to provide perioperative 
care for COVID-19–related patients before the COVID-19 out-
break. However, perioperative infection control in COVID-19–re-
lated patients is crucial in preventing nosocomial infections and 
maintaining essential hospital services during the COVID-19 out-
break. Therefore, we developed and applied COVID-19 infection 
control protocols for surgical patients. This study describes our ex-
perience delivering perioperative infection prevention and control 
measures for COVID-19–related surgical patients and retrospec-
tively reviews their clinical outcomes. 

Methods 

Ethical statements: The study was approved by the Institu-
tional Review Board (IRB) of the Kyungpook National Uni-
versity Chilgok Hospital (IRB No. 2020-04-038). The IRB 
waived patient consent because of the retrospective nature of 
the study. Patient confidentiality was maintained throughout 
the study.

This study was based on Kyungpook National University Chil-
gok Hospital records and interviews with frontline healthcare 
workers (HCWs) involved in providing care during the out-
break. A nasopharyngeal swab or sputum sample was collected 
for SARS-CoV-2 quantitative reverse transcription-polymerase 
chain reaction (RT-PCR) from the patients involved. SARS-
CoV-2 RT-PCR was performed using the PowerChek 2019-
nCoV Real-Time PCR kit (Kogene Biotech, Seoul, Korea) and 
CFX96 Real-Time PCR Detection System (Bio-Rad Laborato-
ries, Hercules, CA, USA). 

The perioperative management guidelines for COVID-19–relat-
ed patients were prepared through multidisciplinary discussions, 
including the infection control department, surgical departments, 
and anesthesiology department before and during the COVID-19 
outbreak. The electronic medical records of the COVID-19–relat-
ed patients who underwent surgery were reviewed, and the clinical 
outcomes of the patients were monitored up to March 31, 2021, 
when all the patients had been discharged. We also reviewed the 

records on remodeling of the positive-pressure operating room 
(OR) to create the negative-pressure OR. 

Results 

1. Development of COVID-19 infection control protocols 
for surgical patients 
Before and during the COVID-19 outbreak in Daegu, we devel-
oped COVID-19 infection control measures for surgical patients, 
modified from the infection control protocols for severe acute re-
spiratory syndrome [3] and perioperative considerations for 
COVID-19 developed by the Anesthesia Patients Safety Founda-
tion [4]. 

The strategy for perioperative COVID-19 infection control tar-
geted three key areas: (1) classification of patients based on the risk 
of COVID-19 transmission, (2) protection of HCWs, and (3) re-
organization of the OR. 

1) Classification of surgical patients based on risk of COVID-19 
transmission 
We tested all surgical patients before surgery using SARS-CoV-2 
RT-PCR to identify asymptomatic COVID-19 carriers. All surgi-
cal patients wore face masks (dental or KF-94, masks able to filter 
at least 94% of airborne particles) to prevent SARS-CoV-2 trans-
mission. Elective surgeries for COVID-19–confirmed patients 
were delayed as much as possible. For COVID-19– exposed pa-
tients, the surgeries were delayed until after the 14-day incubation 
period [5]. For emergent surgeries, we classified the surgical pa-
tients into four groups: (1) patients who had a negative SARS-
CoV-2 RT-PCR test without suspected symptoms (fever, fatigue, 
dry cough, dyspnea, or pulmonary consolidations on chest com-
puted tomography [CT]) and who did not have a contact history 
with COVID-19 patients (surgeries were performed in a common 
OR for this group of patients); (2) patients who had not received 
their SARS-CoV-2 RT-PCR results before entering the OR or had 
ambiguous test results, but did not have suspected symptoms or 
contact history with COVID-19 patients; (3) patients who had sus-
pected symptoms or were exposed to someone with COVID-19, 
but had negative test results or did not have their SARS-CoV-2 RT-
PCR test results before entering the OR; and (4) patients who had 
a positive SARS-CoV-2 RT-PCR test (Table 1). We classified the 
last three groups as COVID-19–related surgical patients. 

2) Healthcare worker protection 
Temperature monitoring was mandatory for all HCWs in the hos-
pital. HCWs with a temperature above 37.5°C, respiratory symp-
toms, or possible contact history with a confirmed COVID-19 pa-
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tient without wearing personal protective equipment (PPE) were 
removed from duty and sent for SARS-CoV-2 RT-PCR testing. In 
addition, all contact histories between HCWs and COVID-19–re-
lated patients were recorded within the OR complex. 

PPE was introduced for all HCWs who usually had contact with 
patients in the hospital. Basic PPE, which consisted of a KF94 
mask (mask able to filter at least 94% of airborne particles), eye 
protection goggles, and latex gloves, was provided to all HCWs in 
the OR. Standard PPE, which comprised an N95 respirator, surgi-
cal cap, eye protection (goggles or face shield), apron gown, and 
gloves, was provided to HCWs who cared for SARS-CoV-2-nega-
tive patients or patients who did not have confirmed test results 
with COVID-19–related symptoms. Enhanced PPE, which con-
sisted of overall clothes with a headcover, shoe covers, goggles, sur-
gical gloves, and a powered air-purifying respirator (PAPR), was 
provided to HCWs who managed SARS-CoV-2-confirmed pa-
tients, or SARS-CoV-2-exposed patients. 

3) Reorganization of the operating room 
We reduced elective surgeries to half capacity to limit traffic in the 
OR during the first 2 months after the outbreak. Surgical proce-
dures for confirmed COVID-19 patients in the intensive care unit 
(ICU) were performed at the bedside, where possible. We operat-
ed on COVID-19–related surgical patients in the designated 
COVID-19 OR, which had been converted to a negative-pressure 
OR. When possible, surgeries for confirmed COVID-19 patients 
and SARS-CoV-2-exposed patients were performed in the last or-
der of the day to minimize contact with other HCWs in the OR 
complex. These patients were transferred directly to the COVID-19 
OR via dedicated paths and an elevator using a portable patient iso-
lation unit with negative pressure (Fig. 1). 

After the COVID-19–related patients entered the COVID-19 
OR, anesthesiologists induced anesthesia with endotracheal in-
tubation using the rapid sequence technique. Thirty minutes of 
ventilation on room air was allowed after endotracheal extuba-
tion. The patients recovered from anesthesia in the COVID-19 

Table 1. Application of PPE for health care workers, according to the classification of COVID–19-related patients

PPE composition SARS–CoV–2 RT–qPCR Contact history with COVID–19 patients COVID–19-related symptom

Basic: goggles, KF94 mask, nitrile gloves Negative or unknown None None
Standard: surgical gloves, apron gowns,  

goggles, N95 respirator
Negative or unknown None Fever, dry cough, pneumonic 

consolidation on chest CT
Enhanced: two pairs of surgical gloves,  

overall clothes with headcover, shoe covers, 
goggles, PAPR

Negative or unknown Possibly or direct Any of the above
Positive Any of the above Any of the above

PPE, personal protective equipment; COVID–19, coronavirus disease 2019; SARS–CoV–2 RT–qPCR, severe acute respiratory syndrome coronavirus 2 
quantitative reverse transcription–polymerase chain reaction; PAPR, powered air–purifying respirator; CT, computed tomography.

Fig. 1. (A) Transfer route for coronavirus disease 2019 (COVID–19)-related patients. The red arrows show all pathways that were closed 
during COVID–19-related patient transfer. (B) Patient transfer using a portable isolation unit. All healthcare workers wore enhanced 
personal protective equipment, including overall clothes with headcover, shoe cover, goggles, surgical gloves, and powered air-purifying 
respirator. OR, operating room; ICU, intensive care unit.

A B
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OR without using the post-anesthesia care unit. After the pa-
tients had fully recovered, they were sent back to the ward or 
ICU using a portable patient isolation unit in negative-pressure 
mode. 

2. Setting up the negative-pressure operating room 
Our hospital has 13 ORs in the main operating complex, which is 
a positive-pressure environment. The rooms allowed 30 air chang-
es per hour and were managed as class 100,000 cleanrooms (less 
than 100,000 particles/m3). Therefore, we needed to establish a 
negative-pressure OR to minimize the flow of contaminated air 
spreading outside the OR [6]. We selected OR number 4 as the 
COVID-19 OR in the main operating complex because it was easy 
to access from outside the operating complex and had a transpar-
ent glass window. 

Outside air was supplied from an inlet duct, and the air in the 
OR was discharged using a constant air volume unit through the 
outlet duct. We added a new exhaust duct with a new constant air 
volume unit to achieve negative pressure (Fig. 2). After this modifi-
cation, the outflow air volume of OR 4 changed from 450 cubic 
meters per hour (CMH) to 3,380 CMH, and the room pressure 
was maintained at −11.3 Pa when the door was closed (below the 
negative-pressure room standard of −2.5 Pa [7]). Thus, during op-

eration of the negative-pressure OR, exhaust to the clean corridor 
was limited.  

3. Room preparation before and after surgery 
Computers, telephones, monitors, and ventilators were draped 
with plastic film. Anesthetic drugs, fluids, and equipment needed 
to perform the surgery were prepared before patient arrival. Addi-
tionally, we used disposable equipment such as a laryngoscope, 
surgical drape, and anesthetic circuit. We installed three high-effi-
ciency particulate air (HEPA) filters in the anesthetic circuit (the 
anesthesia machine’s inspiratory and expiratory limbs and the pa-
tient’s side that connects to the endotracheal tube). HCWs in the 
COVID-19 OR wore dedicated PPE before the COVID-19–relat-
ed patient entered the OR. After the patient was removed, the 
room was ventilated for 30 minutes. Subsequently, the HCWs re-
moved and disposed of their PPE in the COVID-19 OR. Surface 
disinfection was performed using 0.1% sodium hypochlorite. For 
SARS-CoV-2-confirmed cases, surface disinfection was performed 
twice. 

4. Surgeries for COVID-19–related patients 
Between February 22, 2020 and March 31, 2021, 118 COVID-19–
related patients underwent emergency surgery. All patients under-

Fig. 2. Ventilation system of the temporary, negative-pressure operating room. V.D., volume damper; CMH, cubic meter per hour; HEPA, 
high-efficiency particulate air.

Pre
Filter

Medium
Filter

: Constant air volume unit
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30
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went SARS-CoV-2 quantitative RT-PCR testing before surgery. A to-
tal of 102 patients who were unable to wait for the test results due to 
emergency surgery were included in the COVID-19–related pa-
tient group. Eight patients were negative on the preoperative test 
but had a COVID-19–related symptom. Six patients had fevers. 
Two patients had pneumonic consolidation on the preoperative 
CT scan. Four patients had a history of direct exposure. Two pa-
tients had a prior positive COVID-19 test but were negative at the 
time of surgery. Two patients were confirmed to be positive for 
COVID-19 upon preoperative examination. 

One patient, who was negative based on the preoperative SARS-
CoV-2 quantitative RT-PCR result using a nasopharyngeal swab 
sample, tested positive postoperatively with a sputum sample. The 
patient had a history of direct exposure to COVID-19 and pneu-
monic consolidation on preoperative chest CT. Hence, we per-
formed surgery with enhanced PPE. The types of surgeries that 
the patients underwent are shown in Table 2. 

All surgeries for the COVID-19–related patients were unevent-
ful, and perioperative COVID-19 transmission was not reported 
during this period. We performed 75 cases of general anesthesia 
and 43 cases of regional anesthesia. 

Discussion 

SARS-CoV-2 is highly contagious and spreads rapidly. In Hubei 
province, China, the estimated reproduction number (R) was 
4.02, but the R in Daegu, Korea was between 3.472 and 3.543 [8]. 
An increase in COVID-19 patients in Daegu, Korea was mainly a 
result of exposure among members of the Shincheonji Church of 
Jesus and hospital transmission [1]. 

The COVID-19 outbreak has underscored the importance of 
preventing nosocomial transmission [9]. HCWs need to be wary 
of COVID-19 nosocomial transmission, and hospitals should es-
tablish and maintain infection control and prevention protocols. 
We provided a facemask for all surgical patients. In addition, we re-
duced the number of elective surgeries by half to reduce traffic in 
the hospital and increased distancing between surgical patients 
from February 22, 2020 to March 31, 2020. 

Approximately 30% to 40% of patients who tested positive for 
SARS-CoV-2 by quantitative RT-PCR were asymptomatic [10, 
11]. Therefore, to prevent asymptomatic carrier transmission, we 
screened all surgical patients for SARS-CoV-2. Sputum or naso-
pharyngeal swab samples were collected, but sputum samples were 
preferred if available [12]. 

The reported sensitivity of SARS-CoV-2 quantitative RT-PCR 
is approximately 70% to 90% [13]. Furthermore, approximately 
3% to 12% of infected patients do not show any suspected symp-
toms and are reported to be negative. Therefore, we conserva-
tively enrolled COVID-19–related patients and classified them 
according to contact history and COVID-19– associated symp-
toms.  

SARS-CoV-2 is transmitted through respiratory droplets, con-
tact, fomites, and fecal-oral routes [14,15]. The viral load in the up-
per respiratory tract is high, and the virus is likely to shed and 
spread under asymptomatic conditions [16,17]. In addition, 
SARS-CoV-2 can be transmitted via aerosols [18]. Therefore, we 
preferred regional anesthesia techniques to minimize aerosol pro-
duction in the operating theater. In particular, we performed cesar-
ean sections under regional anesthesia in 36 out of 44 cases. We 
also installed HEPA filters between the anesthetic machine and the 
patient to decrease the risk of environmental contamination during 
general anesthesia. 

To prevent aerosol transmission, we avoided aerosol-producing 
interventions such as face mask ventilation and open airway suc-
tioning as much as possible in all anesthesia cases [4,18]. We ad-
opted a rapid sequence intubation technique to prevent aerosol 
generation during mask ventilation. Intubation and extubation can 
also generate aerosols. Tracheal extubation produces 15 times 
more aerosols than intubation [19]. However, aerosol generation 
during extubation is still less than that of a single cough, and most 
aerosols generated during extubation may be produced by cough-
ing after extubation [19]. Therefore, these procedures are not in-
cluded in high-risk aerosol-producing procedures, and cough pre-
vention during induction of anesthesia and after extubation is es-
sential to prevent aerosol generation [20]. 

PAPR offers full face and respiratory protection. It does not re-
quire a fit test for loose fitting [21]. It also provides a cool and 

Table 2. Types of surgeries during COVID-19 outbreak

Name of surgery No. of cases
Cesarean section 44
Laparoscopic exploration 22
Laparoscopic appendectomy 10
Neurosurgery 9
Ileostomy 7
Gynecologic surgery 6
Urologic surgery 6
Laparoscopic cholecystectomy 3
Incision and drainage 3
Thoracic surgery 3
Otolaryngologic surgery 2
McDonald operation 2
Wound repair 1

COVID-19, coronavirus disease 2019.
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comfortable environment for the operator, decreases fatigue, and 
allows the operator to focus on the procedure. However, there is 
no strong evidence that it reduces viral transmission more than 
N95 respirators [22]. In addition, the supply of PAPRs was limit-
ed during the early outbreak, and this equipment requires a con-
siderable amount of time to be cleaned and recharged after use. 
Therefore, we only included PAPR in the enhanced PPE. 

We converted a positive-pressure OR to a temporary, nega-
tive-pressure OR with an adequate pressure gradient. The nega-
tive-pressure OR maintained a continuous negative-pressure gradi-
ent (−11.3 Pa) by increasing the exhaust air volume. We did not 
prepare an anteroom because we did not have a connected OR and 
did not have time to implement structural changes to the OR com-
plex. Therefore, our HCWs wore and removed their PPE in the 
COVID-19 OR. We used disposable anesthetic and surgical 
equipment whenever possible to decrease the risk of virus expo-
sure to sterile processing technicians. The disposed PPE and surgi-
cal equipment were sealed in zipper bags. 

This study had some limitations. First, we performed only three 
surgeries in SARS-CoV-2-infected patients who were actively shed-
ding virus because procedures in SARS-CoV-2-infected patients 
(such as tracheostomy and venoarterial extracorporeal membrane 
oxygenation cannulae insertion and removal) were typically per-
formed in the ICU. Since there were few surgeries for confirmed 
patients, there is a limit to establishing the effectiveness of our in-
fection prevention measures. Second, the negative-pressure OR 
was used mainly for abdominal surgeries. We did not perform neu-
rosurgical or cardiovascular emergency procedures in COVID-19–
related patients during this period. However, we believe that this 
fact does not diminish our infection prevention measures. Third, 
during PPE shortages, our infection prevention protocols should 
be conservatively applied. Ten additional SARS-CoV-2-positive 
patients were confirmed in the hospital during this period, includ-
ing private caregivers and shop employees. Nevertheless, there 
were no verified nosocomial transmissions due to the strict adher-
ence to the protocols and guidelines of our conservative infection 
prevention protocols. 

COVID-19 infections and transmission in the hospital setting 
can lead to breakdown of medical systems. To prevent nosocomial 
transmission during surgical procedures, we converted a posi-
tive-pressure OR to a negative-pressure OR and implemented a 
perioperative protocol to prevent COVID-19 transmission to 
HCWs. With strict adherence to these protocols and guidelines, 
there was no transmission of COVID-19 to other persons within 
the OR. We hope that this report will help other hospitals prepare 
for COVID-19 outbreaks in limited situations. 
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Introduction 

According to data from the Korean Statistical Information Service, 
183,908 patients underwent hemorrhoidectomy in Korea in 2019, 
ranking it the third most frequent surgery [1]. As such, a represen-
tative and essential test for diagnosing anal disease, which is one of 
the most frequent diseases, is transanal ultrasonography (TAUS). 
TAUS is a useful test for examining the anatomical structure of the 
anus [2,3]. The advantage of TAUS is that it has no risk of radia-
tion exposure and is less expensive than magnetic resonance imag-
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ing (MRI). In addition, TAUS can be easily performed in outpa-
tient clinics.  

Anatomical deterioration, such as anal fistulas, abscesses, and 
sphincter defects, can be easily detected on TAUS by ultra-
sound-skilled clinicians [4]. In contrast, most diseases, such as fe-
cal incontinence, constipation, or simple hemorrhoids, show no 
anatomical deterioration on TAUS. However, the absence of ana-
tomical deterioration on TAUS does not indicate a normal finding. 
This is because the thickness of the sphincter and the degree of ul-
trasound shadowing may appear differently depending on the pa-
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tient’s age, sex, past history, or degree of symptoms.  
Indeed, according to previous studies conducted in Western 

countries, the thickness of the internal sphincter is measured dif-
ferently according to age, and there is a difference in the length of 
the anal canal and thickness of the external sphincter according to 
sex [4-6]. In addition, the results may vary depending on the ob-
server [5-7]. 

However, until now, there have been no studies on the normal 
anatomic value of the anal sphincter on TAUS in Koreans with no 
anal disease or symptoms. Therefore, research is needed to estab-
lish normal anatomic values for TAUS in healthy Koreans. The 
purpose of this study was to determine those normal values. 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: 2019-09-062-008) and all the subjects included in 
this study provided written informed consent.

This prospective study was conducted in a tertiary medical center 
and local colorectal clinic in Daegu, Korea between September 
2019 and August 2021. 

Healthy Korean adult volunteers who had no anal disease and 
symptoms were recruited through research subject recruitment 
notices on bulletin boards in hospitals, subways, and buses. The in-
clusion criteria were as follows: (1) age of ≥ 20 years, (2) no ano-
rectal symptoms, (3) Wexner score of ≤ 2, and (4) no anorectal 
surgical history. The applicant’s participation in the study was final-
ly decided through an interview and physical examination with the 
researcher. If asymptomatic anatomical deterioration was found 

during TAUS, the subject was excluded from the study. 
TAUS was performed using an endorectal probe (ALBIT ultra-

sound scanner, anorectal rotating 360, R510; ECHO-SON, Ltd., 
Puławy, Poland) at a frequency of 7.5 and 12 MHz by an experi-
enced colorectal surgeon (DS) (Fig. 1). An enema or bowel prepa-
ration drug was not administered prior to TAUS. The subject lay in 
the left lateral position, and serial radial images were acquired 
throughout the anal canal. The thickness of the internal anal 
sphincter (IAS) was measured in the direction of 12 o’clock (ante-
rior), 3 o’clock (left lateral), 6 o’clock (posterior), and 9 o’clock 
(right lateral) at 2 cm from the anal verge (Fig. 2A). The thickness 
of the external anal sphincter (EAS) was measured in the direction 
of 3 o’clock (left lateral), 6 o’clock (posterior), and 9 o’clock (right 
lateral) at 2 cm and 4 cm from the anal verge (Fig. 2B). 

Non-normally distributed data, presented as median (range), 

Fig. 1. Endorectal probe (ALBIT ultrasound scanner, anorectal ro-
tating 360, R510; ECHO-SON, Ltd., Puławy, Poland).

Fig. 2. (A) Internal anal sphincter and (B) external anal sphincter on transanal ultrasonography imaging.

A B
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were analyzed using the Mann-Whitney U-test. Correlations be-
tween variables were analyzed using Spearman rank correlation 
test. Statistical significance was set at p-value of < 0.05. Statistical 
analyses were performed using IBM SPSS ver. 22.0 (IBM Corp., 
Armonk, NY, USA). 

Results 

Thirty-six volunteers were examined for anal anatomy using 
TAUS. The median age of the subjects was 37 years (range, 20–77 
years) and the median body mass index (BMI) was 23.5 kg/m2 
(range, 17.2–31.2 kg/m2). Nineteen patients (52.8%) were male. 
The age distribution was 21 to 30 years (7 individuals, 19.4%), 31 
to 40 years (14 individuals, 38.9%), 41 to 50 years (5 individuals, 
13.9%), 51 to 60 years (5 individuals, 13.9%), 61 to 70 years (4 in-
dividuals, 11.1%), and 71 to 80 years (1 individual, 2.8%). The de-

mographic characteristics of the study participants are presented in 
Table 1. 

The median thickness of the EAS at 4 cm and 2 cm from the 
anal verge was 7.4 mm (range, 5.8–8.8 mm) and 6.5 mm (range, 
5.6–8.0 mm), respectively. The median thickness of the IAS at 2 
cm from the anal verge was 1.8 mm (range, 0.8–4.3 mm).  

There were no differences in sphincter muscle thicknesses be-
tween male and female patients (Table 2, Fig. 3). However, the 
EAS tended to thicken as the BMI increased (EAS at 2 cm and 4 
cm from the anal verge, Spearman rho = 0.433 and 0.363; p = 0.008 
and 0.029, respectively) (Fig. 4).  

Discussion 

In this study, we report a normal value of anal sphincter thickness 
in healthy Koreans as measured by TAUS. TAUS is the most fre-
quently used examination for detecting anorectal anatomical vari-
ants because it can easily be performed in outpatient clinics with-
out radiation exposure. Only a few studies have described the nor-
mal value of anal sphincter thickness in healthy adults [5,6,8,9]. 
However, all these studies were conducted in Western countries, 
and there have been no studies on healthy Asian or Korean volun-
teers. 

In our study, the median IAS thickness at 2 cm from the anal 
verge was 1.8 mm. This is consistent with the results of previous 
studies conducted in Western countries (2 mm; range, 1–3 mm) 
[9]. Although the median value in our study was thinner than that 
in the cited study, this difference was not considered meaningful 
because of the measurement error and range. 

The median EAS thickness in our study was 6.5 mm (range, 

Table 1. Demographics of the study sample

Characteristic Data
Age (yr) 37 (20–77)
 20–30 7 (19.4)
 31–40 14 (38.9)
 41–50 5 (13.9)
 51–60 5 (13.9)
 61–70 4 (11.1)
 71–80 1 (2.8)
Sex, male:female 19:17
Body mass index (kg/m2) 23.5 (17.2–31.2)
Wexner score 0 (0–2)

Values are presented as median (range), number (%), or number only. 

Table 2. Transanal ultrasonographic findings between males and females

Variable Male Female p-value
IAS thickness, 2 cm from anal verge (mm) 1.7 (0.8–4.3) 2.0 (1.0–3.4) 0.622
 Anterior 2.8 (0.7–4.3) 2.1 (1.3–3.4) 0.131
 Left lateral 1.9 (1.2–3.2) 1.9 (1.1–2.9) 0.645
 Posterior 1.7 (0.8–3.8) 1.6 (1.0–2.6) 0.726
 Right lateral 1.9 (0.8–4.3) 1.9 (1.2–2.8) 0.849
EAS thickness, 2 cm from anal verge (mm) 6.5 (5.9–8.0) 6.4 (5.6–7.8) >0.999 
 Left lateral 6.7 (5.9–8.4) 6.4 (5.7–7.7) 0.459
 Posterior 6.6 (6.0–7.7) 6.5 (5.6–7.8) 0.822
 Right lateral 6.8 (5.9–8.0) 6.4 (5.8–7.6) 0.388
EAS thickness, 4 cm from anal verge (mm) 7.4 (6.2–8.4) 7.2 (5.8–8.8) 0.495
 Left lateral 7.5 (6.2–8.4) 7.2 (5.8–8.6) 0.469
 Posterior 7.1 (6.3–8.2) 7.2 (5.8–8.8) 0.822
 Right lateral 7.5 (6.4–8.4) 7.4 (6.0–8.8) 0.388

Values are presented as median (range).
EAS, external anal sphincter; IAS, internal anal sphincter.

https://doi.org/10.12701/yujm.2021.01515232

Shon et al.  Anal sphincter under transanal ultrasonography



Fig. 3. Distribution plot by sex. (A) Internal anal sphincter (IAS) 2 cm from anal verge. (B) External anal sphincter (EAS) 2 cm from anal 
verge. (C) EAS 4 cm from anal verge.
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Fig. 4. Scatter plots by body mass index (BMI). (A) Internal anal sphincter (IAS) 2 cm from anal verge. (B) External anal sphincter (EAS) 2 
cm from anal verge. (C) EAS 4 cm from anal verge.

5.9–8.0 mm) at 2 cm from the anal verge. This is also consistent 
with the results of a previous study (6 mm; range, 5–8 mm) [9]. 
Unlike in the cited study, we also described the thickness of the 
EAS at the upper part of the anal canal (4 cm from the anal verge). 
The median EAS thickness of the upper anal canal was greater 
than that of the mid-anal cannula, although the difference was not 
statistically significant. 

In the present study, no relationship was found between sex and 
sphincter thickness. This result is also consistent with that of a pre-
vious study [5]. However, interestingly, BMI correlated with EAS 
thickness in our study. The higher the BMI, the thicker the EAS 
was; however, IAS thickness was not correlated with BMI. A previ-
ous report revealed that BMI was not correlated with IAS thick-
ness on MRI [10]. However, the investigators did not examine 
EAS thickness in that study. Another study revealed that BMI was 
correlated with IAS and EAS thickness [11]. However, the BMI 
correlation differed according to the measuring level of the anal ca-
nal. Interestingly, the investigators revealed that BMI was negative-

ly correlated with EAS thickness, which was the opposite of our re-
sult. However, as the previous study was conducted with only fe-
males and our study was conducted with a small sample size, fur-
ther studies are needed to clarify the correlation between BMI and 
anal sphincter thickness. 

Our study has some limitations. First, the sample size was small. 
More than 80 participants were recruited at the beginning of the 
study. However, it was challenging to recruit healthy volunteers 
due to the outbreak of coronavirus disease 2019 at the beginning 
of the study. Therefore, the final sample size for this study was 
smaller than originally intended. Second, due to the small number 
of samples, we could not investigate the relationship between age 
and sphincter thickness. Third, we did not describe sphincter tone, 
which is possibly related to the thickness of the anal sphincter mus-
cle. However, previous studies have reported no correlation be-
tween sphincter thickness and anal canal pressure [7]. Fourth, we 
could not measure the length of the anal sphincter muscle because 
of the limitations of the two-dimensional scope. Nevertheless, we 

MaleMaleMale

p=0.495p>0.999p=0.662

FemaleFemaleFemale
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believe that this study is meaningful as the first study to elucidate 
normal TAUS values in healthy Koreans. 

In this study, in healthy Korean volunteers, the median thickness 
of the IAS 2 cm from the anal verge was 1.8 mm, and the median 
thickness of the EAS at 2 cm and 4 cm from the anal verge was 6.5 
mm and 7.4 mm, respectively, as measured by TAUS. There were 
no differences in anal sphincter thickness between sexes, but BMI 
was related to anal sphincter thickness. Further large-scale studies 
are required to confirm the results. 
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Introduction 

Frequent sites of lymph node (LN) metastasis in patients with 
left-sided intrahepatic cholangiocarcinoma (ICC) include the 
common hepatic artery, celiac axis, and even the lesser curvature of 
the stomach, thus named as left-sided LN metastasis [1,2]. If meta-
static LNs are located at the lesser curvature of the stomach, the 
connective tissues over the gastric serosa at the lesser curvature 
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undergoing extensive left-sided lymph node dissection: 
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side should be dissected to ensure complete LN dissection. Such 
surgical procedure inevitably results in iatrogenic vagus nerve inju-
ry because the running course of this nerve toward the pylorus 
and antrum is interrupted by extensive LN dissection, by which 
vagotomy-associated gastric stasis can occur. We have previously 
reported that preemptive pyloroplasty is effective in preventing 
such LN dissection-associated gastric stasis [3]. The objective of 
the present study was to analyze the effect of preemptive pyloro-
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plasty in 10 patients who underwent preemptive pyloroplasty 
during left hepatectomy combined with extensive LN dissection 
for left-sided ICC. 

Methods

Ethical statements: The study protocol was approved by the 
Institutional Review Board (IRB) of Asan Medical Center 
(IRB No: 2021-1347). The requirement for informed con-
sent from patients was waived due to the retrospective nature 
of this study. This study was performed in accordance with 
the ethical guidelines of the World Medical Association Dec-
laration of Helsinki 2013.

1. Patient selection 
The liver cancer database of our institution was searched to identi-

fy patients who underwent left hepatectomy or left lateral sectio-
nectomy combined with extensive LN dissection for left-sided 
ICC. During the 20-year study period from January 2001 to June 
2021, 10 patients underwent preemptive Heineke-Mikulicz pylo-
roplasty to prevent iatrogenic vagus nerve injury-associated gastric 
stasis. These 10 patients were selected as the study group in the 
present study. 

The study patients were followed until August 2021 through in-
stitutional medical record review and assistance of National Health 
Insurance Service. 

2. Decision on whether to perform preemptive Heineke- 
Mikulicz pyloroplasty 
After completion of left-sided hepatectomy and extensive LN dis-
section for left-sided LN metastasis (Fig. 1), we decided whether 
to perform preemptive pyloroplasty after careful inspection of the 
gastric serosa at the lesser curvature. If the gastric serosa was fully 

A B

C D

Fig. 1. Preoperative abdominal computed tomography of patients with left-sided intrahepatic cholangiocarcinoma. (A, B) Regional lymph 
node metastasis is identified around the lesser curvature of the stomach (arrows) in a 59-year-old male patient and (C, D) a 57-year-old 
female patient.
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Fig. 2. The extent of vagus nerve injury according to extensive left-sided lymph node dissection. (A) Intraoperative photograph showing de-
nuding of the serosa (arrow) at the lesser curvature of the stomach. (B) Illustration of the extragastric vagus nerve innervation. The encircled 
area indicates the extent of vagus nerve injury. Post VT, the posterior vagus nerve trunk; Ant VT, anterior vagus nerve trunk; NL, the nerve of 
Latarjet; Hb, hepatic branches; Pb, pyloric branches.

exposed with clearing of the overlying connective tissues and feed-
ing vessels, the vagus nerve branch toward the pylorus and antrum 
was determined to be transected. The denervated extent by the va-
gus nerve transection was comparable to that of selective vagoto-
my (Fig. 2). Thus, such condition was reasonably indicated for pre-
emptive pyloroplasty [3]. We performed the classical hand-sewing 
pyloroplasty of Heinke-Mikulicz type. The wall of the distal an-
trum and the duodenal first portion was longitudinally incised 
with electrocautery and then transversely repaired with inner con-
tinuous sutures using 4-0 absorbable monofilament and outer con-
tinuous sutures using 5-0 nonabsorbable monofilament or inter-
rupted sutures with 3-0 or 4-0 black silk (Fig. 3). 

2. Postoperative assessment for gastric stasis 
A nasogastric tube (NGT) was routinely kept under natural drain-
age for 3 days after surgery in all patients who had undergone pre-
emptive pyloroplasty. If gastric stasis of any degree was suspected, 
the NGT was kept and frequently aspirated until recovery of gastro-
intestinal motility. The NGT was removed if the amount of daily 
drainage was less than 300 mL/day with absence of air-fluid level at 
the stomach on simple abdominal X-ray. During fasting, all patients 
received total parenteral nutrition until intake of soft diet. Prokinetics 
were administered with temporary clamping of the NGT with an ex-
pectation to facilitate recovery of bowel motility [4,5]. 

3. Postoperative treatment and surveillance 
All patients underwent adjuvant chemotherapy with or without 
concurrent chemoradiation therapy. General principles of treat-

ment for stage IIIB ICC according to the 8th edition of American 
Joint Committee on Cancer (AJCC) staging system were applied. 
Detailed follow-up protocol was presented previously [6].  

4. Statistical analysis 
Numerical data are reported as mean with standard deviation. Sur-
vival curve was estimated with the Kaplan-Meier method. All sta-
tistical analyses were performed using IBM SPSS ver. 22 (IBM 
Corp., Armonk, NY, USA). 

Results 

1. Patient demographics and survival outcomes 
All 10 patients were classified as stage IIIB according to the 8th edi-
tion of AJCC staging system because of T1-3N1M0 stage. Their 
clinicopathological profiles are summarized in Table 1. The overall 
patient survival rate was 51.9% at 1 year, 25.9% at 2 years, and 0% 
at 3 years (Fig. 4). 

2. Incidence of gastric stasis 
For eight patients, the NGT was kept for the first 3 days after sur-
gery. For the remaining two patients, it was kept for 4 days after 
surgery. One day after NGT removal, sips of water were initiated. 
Thereafter, intake of liquid diet was started after careful physical ex-
amination and daily simple abdominal X-ray follow-up. 

Seven patients showed no evidence of gastric stasis. Thus, diet 
intake was started at 5 days after surgery. No gastrointestinal motili-
ty disorder occurred until hospital discharge. 
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In contrast, the remaining three patients manifested clinical find-
ings suggesting gastric stasis or paresis. Three patients showed gas-
eous distension of the stomach and air-fluid level in simple abdom-
inal X-ray in the next few days after removal of the NGT. Thus, the 
early postoperative incidence of gastric motility disorder after pre-
emptive pyloroplasty was 30%. 

3. Clinical sequences of two patients showing gastric stasis 
A 61-year-old male patient who showed gastric stasis and paralytic 
ileus was well tolerated with fasting for 7 days after removal of the 
NGT without reinsertion of an NGT. Gastric distension and para-
lytic ileus slowly resolved. Diet intake was initiated 11 days after 
surgery and continued uneventfully until hospital discharge. 

A 67-year-old male patient showed prolonged gastric distension 
and paralytic ileus after removal of the NGT, thus a new NGT tube 
was reinserted at 8 days after surgery and two prokinetic agents 

A B

C D

Fig. 3. Intraoperative procedure for Heineke-Mikulicz pyloroplasty. (A) The lesser curvature of the stomach is extensively dissected. (B) 
The wall of the distal antrum and the duodenal first portion is longitudinally  incised (arrow) with electrocautery. (C) The incised wound is 
transversely repaired by inner continuous sutures using 4-0 absorbable monofilament. (D) The serosa is closed with 3-0 black silk sutures.

(gasmotin and ganakhan) were orally administered for 7 days until 
daily drainage of less than 200 mL/day with resolution of paralytic 
ileus pattern on simple abdominal X-ray follow-up. Diet intake was 
initiated 15 days after surgery and continued uneventfully until 
hospital discharge. 

4. Clinical sequences of one patient showing gastric pare-
sis 
A 57-year-old female patient underwent left hepatectomy, choled-
ochal cyst excision, and Roux-en-Y hepaticojejunostomy due to 
choledochal cyst-associated ICC (Fig. 1B, Fig. 5). The patient 
showed marked gaseous distension of the stomach with air-fluid 
level on simple abdominal X-ray (Fig. 6A, 6B) since removal of the 
NGT at 4 days after surgery. Two prokinetic agents (gasmotin and 
ganakhan) were orally administered, but they were ineffective. An 
NGT tube was reinserted at 9 days after surgery, but the amount 
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markedly. After intravenous administration of azithromycin for 3 
days, the NGT tube was removed. Endoscopic gastroduodenosco-
py showed a slight narrowing of the duodenum probably due to 
extrinsic compression, thus balloon dilatation was performed. Diet 
intake was initiated with oral administration of azithromycin and 
two prokinetics, and oral intake was progressed uneventfully. The 
patient was discharged after azithromycin administration for 8 days 
on the postoperative 29th day with uneventful oral intake (Fig. 7A, 
7B). One prokinetic agent was stopped 1 week after discharge due 
to diarrhea and another agent was also discontinued 1 week later. 
Diarrhea disappeared after discontinuation of prokinetics (Fig. 7C, 
7D). Azithromycin was discontinued after overall 4 weeks of use. 

Fig. 5. Intraoperative photograph of a 57-year-old patient un-
dergoing left hepatectomy and choledochal cyst excision.
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Fig. 4. Kaplan-Meier overall patient survival curve. Red cross 
markers indicate censored cases.

Table 1. Clinicopathological features of patients with intrahepatic 
cholangiocarcinoma and left-sided lymph node metastasis

Variable Data
Age (yr) 57.3±7.9
Sex (n)
 Male 4
 Female 6
ICG-R15 (%) 10.3±4.3
Extent of hepatic resection (n)
 Left hepatectomy 9
 Left lateral sectionectomy 1
Concurrent bile duct resection (n) 1
Tumor size (cm) 7.1±4.2
Perineural invasion (n)
 Absent 2
 Present 8
Lymphovascular invasion (n)
 Absent 2
 Present 8
Tumor differentiation (n)
 Well differentiated 0
 Moderately differentiated 7
 Poorly differentiated 3
Tumor growth pattern (n)
 Mass-forming 7
 Periductal infiltrating 3
7th AJCC tumor stage (n)
 T1 3
 T2 6
 T3 1
 T4 0
Incidence of gastric motility disorder 3

Values are presented as mean±standard deviation or number only.
ICG-R15, indocyanine green retention test at 15 minutes; AJCC, American 
Joint Committee on Cancer.

of daily drainage was less than 200 mL/day despite overt gaseous 
distension of the stomach and persistence of air-fluid level at the 
stomach. Thus, the NGT was repeatedly aspirated every 4 hours, 
which resulted in daily drainage of more than 1,000 mL/day. For 
10 days of NGT drainage, gastric distension did not resolve at all. 
Oral administration of bethanechol was ineffective. On the post-
operative 20th day, upper gastrointestinal series with gastrograf-
fin showed delayed gastric emptying (Fig. 6C, 6D), indicating 
gastric paresis rather than gastric outlet obstruction. We pre-
sumed that the cause of such overt gastric paresis was denerva-
tion of the vagus nerve. 

On the postoperative 21st day, azithromycin 500 mg was admin-
istered intravenously once a day. On the next day, the patient felt 
the loss of epigastric discomfort and NGT tube drainage decreased 
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Thereafter, bowel motility was well maintained without any medi-
cation. The patient has undergone the scheduled adjuvant chemo-
therapy for 6 months without delay. 

Discussion 

ICC is the second most common primary malignancy of the liver. 
Its diagnosis has been gradually rising in the general population. 
ICC comprises approximately 15% of primary liver malignancies 
in patients undergoing surgical resection in our institution [6]. 

LN metastasis is known to be the most potent prognostic factor 
in patients undergoing surgical resection for ICC [6-8]. We have 
previously presented that LN metastasis and perineural invasion 

are independent risk factors for ICC [6]. LN metastasis alone 
makes the tumor stage IV in the 7th AJCC staging system and tu-
mor stage IIIB in the 8th AJCC staging system for ICC. Presence 
of LN metastasis is associated with very poor outcomes. The clini-
cal benefit of aggressive LN dissection has not been unclearly de-
fined yet, but it has been regarded as an essential part of resectional 
surgery for ICC [8-11]. 

If left-sided LN metastasis is identified, the usual extent of LN 
dissection may include the hepatoduodenal ligament, common he-
patic artery, celiac axis, left gastric artery, and lesser curvature of the 
stomach. If an LN is located close to the lesser curvature of the 
stomach, its dissection procedure may include clearing of the gas-
tric lesser curvature and ligation of the left gastric artery. This surgi-

Fig. 6. Postoperative simple abdominal X-ray images follow-up. (A, B) Images taken on the postoperative 8th day show marked gaseous 
distension of the stomach with air-fluid level. (C, D) Images taken on the postoperative 20th day show stagnated gastrograffin within the 
stomach at (C) 1 hour and (D) 6 hours after oral intake.
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cal procedure can induce an iatrogenic injury to the vagus nerve 
branches which control motility of the pyloric sphincter, by which 
intractable gastric stasis can occur. Denervation of the controlling 
vagus nerve branches to the antrum and pylorus can manifest de-
lay of gastric emptying, which persists up 1 to 2 months, as pre-
sented in our previous study [3]. 

Not to mention LN dissection, left hepatectomy per se is known 
to be associated with disorders of gastric motility. After living-do-
nor left hepatectomy, the stomach adheres to the liver cut surface, 
which can cause unwanted gastric stasis [12-14]. The underlying 
mechanisms of gastric stasis after left hepatectomy are different 
from those of the usual laparotomy-associated adhesive ileus possi-
bly due to rightward dislocation of the stomach after left hepatec-
tomy and adhesion of the stomach to the cut surface of the rem-

nant right liver [14]. 
The majority of patients who underwent extensive left-sided LN 

dissection were destined to receive adjuvant chemotherapy at 4 to 
6 weeks after surgery. Thus, recovery of oral intake is essential to 
endure cytotoxic adjuvant chemotherapy. Postoperative delayed 
gastric emptying can deteriorate patients’ quality of life because 
they have to restrict oral intake for a few weeks after surgery or 
keep an NGT until recovery of gastric motility [3]. Such gastric 
motility disorder also has a negative effect as it can significantly de-
lay the start of adjuvant chemotherapy. Considering the poor prog-
nosis of ICC patients with LN metastasis, gastric stasis and its asso-
ciated degradation of quality of life can be considered as serious 
surgical complications.  

To prevent left-sided LN dissection-associated gastric stasis, we 

Fig. 7. Postoperative simple abdominal X-ray follow-up images after azithromycin administration. The images taken at (A, B) hospital 
discharge and (C, D) 2 weeks later show no significant abnormal finding.
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have performed pyloroplasty as a preemptive procedure during re-
section of ICC with left-sided LN metastasis [3]. Prolonged gastric 
stasis universally happened in patients who had undergone exten-
sive dissection of the gastric lesser curvature in our previous case 
series [3]. In contrast, gastric stasis occurred in 30% after preemp-
tive application of pyloroplasty in the present study. Considering 
that temporary gastric stasis can occur in 10% to 20% of patients 
who have undergone simple left hepatectomy without LN dissec-
tion [12-14], the actual incidence of gastric stasis after preemptive 
pyloroplasty was around 20% in the present study. 

Two patients with gastric stasis were successfully treated with 
supportive care. However, one patient showed serious gastric pare-
sis, which might be associated with vagotomy. The occurrence of 
chronic symptomatic gastric paresis has been reported to be 3% to 
5% in patients following vagotomy and antrectomy [15]. Intrave-
nous administration of erythromycin can improve the initial phase 
of solid meal gastric emptying in such patients [15]. However, 
erythromycin has not been available for a long time in our institu-
tion. Thus, we searched for alternative agents. Although metoclo-
pramide and bethanechol were reported to increase gastric motor 
activity in the patients with diabetic and post-vagotomy gastropa-
resis [16], they were ineffective in our patient. Azithromycin is a 
macrolide like erythromycin. These two drugs can accelerate the 
gastric emptying of adult patients with gastroparesis. Azithromycin 
has advantages of longer duration of action and better side-effect 
profile while lacking P450 interaction, over erythromycin [17]. We 
followed the azithromycin administration protocol used in an old 
woman with diabetic gastroparesis [18], in which gastrointestinal 
symptoms were significantly improved after 3 days of treatment. 
Surprisingly, our patient showed noticeable improvement after 
only one session of azithromycin injection, as like triggering the 
start of gastric motility. A literature review study has concluded 
that azithromycin might be an alternative prokinetic agent in gast-
roparesis [19]. 

Performance of conventional Heinke-Mikulicz type pyloroplas-
ty is a simple procedure that takes only 10 minutes because the py-
lorus-antrum area is usually normal in the majority of patients with 
ICC. Preemptive pyloroplasty has been proven to be effective to 
prevent gastric stasis. Thus, we think that there is no reason to hesi-
tate whether to perform pyloroplasty or not if vagus nerve inju-
ry-associated gastric stasis is anticipated. 

This study has some limitations. First, this study was a small case 
series from a single center, thus high-volume multicenter studies 
are necessary. Second, this study was a retrospective study, thus a 
prospective clinical trial is needed to validate the effect of preemp-
tive pyloroplasty. 

In conclusion, we believe that preemptive pyloroplasty is an ef-

fective surgical option to prevent gastric stasis in patients undergo-
ing extensive left-sided LN dissection. Azithromycin appears to be 
a potent prokinetic agent in gastroparesis. 
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Background: Chronic infectious, inflammatory, or neoplastic disorders are associated with anemia of chronic disease. Chronic inflam-
matory diseases such as periodontitis may contribute to masked anemia, especially in smokers. This study was aimed at verifying and 
comparing the efficacy of nonsurgical periodontal therapy (NSPT) for improving anemia among chronic periodontitis patients with and 
without the habit of smoking. 
Methods: Thirty systemically healthy individuals with chronic periodontitis were divided into two groups of 15 each, smokers (group A) 
and nonsmokers (group B). The groups were compared based on hematological parameters such as serum erythropoietin (SE) and se-
rum ferritin (SF) levels at baseline and 3 months after NSPT for anemia evaluation. 
Results: The baseline SE levels in groups A and B were 11.84 and 15.19 mIU/mL (p=0.031), respectively; the corresponding levels at 3 
months after NSPT were 13.00 and 17.74 mIU/mL (p=0.022). The baseline SF levels in groups A and B were 95.49 and 44.86 ng/mL 
(p=0.018), respectively; the corresponding levels at 3 months after NSPT were 77.06 and 39.05 ng/mL (p=0.009). Group B showed a 
significant increase and decrease in the SE and SF levels, respectively, at 3 months after NSPT (p=0.035 and p=0.039, respectively), 
whereas group A showed insignificant changes (p=0.253 and p=0.618, respectively). 
Conclusion: NSPT led to an improvement in anemia among chronic periodontitis patients. However, the improvement is less in smok-
ers compared to that in nonsmokers. Furthermore, SF and SE levels might serve as effective biomarkers for assessing anemia in smok-
ers and nonsmokers with chronic periodontitis. 

Keywords: Anemia; Chronic periodontitis; Erythropoietin; Ferritin; Smoking
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Introduction 

Chronic infectious, inflammatory, or neoplastic disorders are asso-
ciated with anemia of chronic disease (ACD) [1]. Pathophysiolog-
ical factors such as limited iron availability to erythroid progenitor 
cells, a blunted response to erythropoietin, erythrophagocytosis, 
diminished erythropoiesis, and microbial/tumor cell infiltration 
of bone marrow contribute to the development of ACDs. Patients 
with ACD demonstrate diminished levels of serum iron, normal 
to elevated serum ferritin (SF) levels, and normocytic to micro-
cytic anemia [2]. Periodontitis is a chronic inflammatory disease 
characterized by increased production of inflammatory cytokines 
that can contribute to the prevalence of anemia by directly inhibit-
ing erythropoiesis and inducing changes in iron absorption and 
release [3]. 

Patients with chronic periodontitis (CP) who are regular smok-
ers show lower gingival redness and bleeding on probing due to 
potential vasoconstriction caused by the nicotine content in tobac-
co. This may lead to an inaccurate assessment of periodontal status 
and failure to diagnose the underlying pathogenic state [4]. In ad-
dition, smoking causes an increase in hemoglobin (Hb) concentra-
tion mediated by carbon monoxide, which bonds with Hb and 
forms inactive carboxyhemoglobin (COHb) with a reduced ability 
to deliver oxygen to the tissues. Therefore, as a compensatory 
mechanism, smokers maintain a higher Hb level than nonsmokers, 
which is referred to as secondary polycythemia [5,6]. Despite the 
higher Hb levels found in smokers, this hypoxic state triggers 
erythropoietin production, thereby increasing erythropoiesis. 
Erythropoietin is a large glycoprotein hormone produced by the 
peritubular cells lining the kidneys and hepatocytes; it is the princi-
pal regulator of the erythrocyte lineage [7]. This clearly implies 
that the underlying anemic state in smokers is masked by high Hb 
values, which may lead to an underestimation of the prevalence of 
anemia among smokers [8]. In such a scenario, an estimation of se-
rum erythropoietin (SE) levels may aid in assessing the anemia sta-
tus of smokers. 

In chronic inflammatory conditions such as CP, proinflammato-
ry cytokines such as interleukin (IL)-1α, IL-1β, IL-6, tumor necro-
sis factor-α, and transforming growth factor-β not only increase he-
molysis and impair erythropoiesis via direct bone marrow suppres-
sive effects but also release reactive oxygen species that inhibit 
erythropoietin gene expression [9]. Singh et al. [10] and Hutter et 
al. [11] found lower erythropoietin levels in patients with CP, 
thereby strengthening the hypothesis that CP may lead to ACD. 

Acute-phase proteins are biomarkers that show changes in plas-
ma concentration that increase (positive acute-phase proteins), 
such as ferritin, or decrease (negative acute-phase proteins) by at 

least 25% during inflammatory disorders, due to their altered pro-
duction by hepatocytes [12]. Ferritin serves as the main iron stor-
age protein in the body and contains 20% iron by weight. The se-
rum iron concentration is directly proportional to its storage in the 
body, which increases under inflammatory conditions and iron 
overload. Chakraborty et al. [13] observed that SF levels were 
higher in patients with CP than in healthy controls, and a reduc-
tion was noted with remission of chronic inflammation following 
nonsurgical periodontal therapy (NSPT). Considering the preva-
lence of periodontal disease in the community at large, its deleteri-
ous effects on the systemic health of affected individuals, the in-
creased use of tobacco in the form of cigarette smoking, and the re-
sultant masking of anemia status, therapeutic measures such as 
scaling and root planning (both NSPTs) might significantly im-
prove anemia status in such individuals. 

The available literature suggests that NSPTs were not tested 
while evaluating erythropoietin levels in smokers and nonsmokers 
with CP. To date, only a few studies have evaluated NSPTs with a 
single hematological parameter to assess ACD in CP cases. Hence, 
multiple hematological parameters, such as SF and SE levels, col-
lectively might serve as a better means to assess the anemia status 
of smokers with CP instead of any single parameter. The aim of the 
present study was to verify and compare the efficacy of NSPT in 
improving anemia status among patients with CP who do or do 
not smoke.  

Methods

Ethical statements: This study was carried out following 
CONSORT (Consolidated Standards of Reporting Trials) 
guidelines and written informed consent was obtained from 
all participants who fulfilled the inclusion criteria and agreed 
to participate voluntarily. Details about the nature, risk, and 
benefits of the hematological investigations as well as the asso-
ciated procedures were explained to all participants. The ex-
perimental protocol and consent form were approved by the 
Institutional Ethical Committee and Institutional Review 
Board (IRB) of Dr. R. Ahmed Dental College and Hospital 
(IRB No: DCH/07/18-19).

1. Study design 
This clinico-biochemical study included 30 systemically healthy 
patients diagnosed with CP stage I/II (probing pocket depth of 
≥ 4 mm but < 6 mm) requiring NSPT who were selected from the 
outpatient Department of Periodontics [14]. CP was confirmed 
clinically and radiographically according to the guidelines of the 
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2017 Periodontology Consensus Report [14]. Subjects were di-
vided into two groups (n = 15 per group) based on their smoking 
history. Group A included current smokers (i.e., individuals with 
a history of smoking ≥ 100 cigarettes in their lifetime and cur-
rently smoking) and group B included never smokers (i.e., indi-
viduals who never smoked/history of smoking < 100 cigarettes 
in their lifetime) [15]. Pregnant and lactating mothers, former 
smokers, and those with any history of systemic illness, history of 
iron supplements or blood loss, any periodontal surgery in the 
last 6 months, and pocket depth ≥ 6 mm were excluded from the 
study. 

After careful periodontal examination and diagnosis, venous 
blood samples were obtained in the early morning to avoid diurnal 
variations in SE levels. Peripheral venous blood (4 mL) was ob-
tained by venipuncture (Mokshy Surgicals Ltd., Mumbai, India) in 
the antecubital fossa from each participant selected for hematologi-
cal tests. The blood was transferred to non-vacuum clot activator 
(coated with micronized silica) blood collection tubes. The col-
lected blood samples were kept at room temperature for approxi-
mately 2 hours to allow the blood to clot, and serum was obtained 
after centrifugation for 10 minutes at 2,500 revolutions per minute 
(Remi Elektrotechnik Ltd., Thane, India). The serum was then as-
sayed for baseline periodontal and hematological parameters (SF 
and SE). The selected subjects in both groups then received NSPT, 
including ultrasonic scaling, root planing, and polishing, as re-
quired. Thorough oral hygiene instructions and demonstration of 
proper brushing technique were provided. The patients were 
asked to return at 1- and 3-month intervals for follow-up, and addi-
tional oral prophylaxis was administered at those times if required. 
All periodontal interventions were performed by an expert perio-
dontist who was unaware of the specific grouping of the subjects. 
The final hematological data were recorded at the 3-month fol-
low-up, and statistical analysis of the data was carried out. Oral hy-
giene was maintained at an optimal level during the study period. 

SF levels were measured using an Access Immunoassay System 
and analyzed using an automated analyzer (Beckman Coulter Im-
munoassay System, Brea, CA, USA). SE levels were assessed using 
an enzyme-linked immunosorbent assay (ELISA) kit for erythro-
poietin and an Adonis ELISA plate reader system (Triveni Traders 
& Diagnostic Private Ltd., Thane, India). 

2. Statistical analysis 
The Shapiro-Wilk test was performed to assess the assumption of 
normality of the data. Data are presented as mean ± standard error 
of the mean (SEM). An unpaired Student t-test was performed to 
compare the parameters of the two groups that showed normal 
distributions. Normally distributed paired data of each group were 

compared using a paired Student t-test. Non-normally distributed 
unpaired data were evaluated using the Mann-Whitney U-test, and 
paired data were evaluated using the Wilcoxon matched-pairs 
signed-rank test. Correlations between two normally distributed 
parameters were evaluated using the Pearson correlation test. Sex 
distribution between the two groups was evaluated using Fisher 
exact test. The correlation between two non-normally distributed 
parameters was evaluated using Spearman nonparametric correla-
tion. Direct and inverse correlations were indicated by positive and 
negative correlation coefficient (r) values, respectively. An absolute 
value of r of 1.0 to 0.5, 0.5 to 0.3, 0.3 to 0.1, and < 0.1 was consid-
ered strong, moderate, weak, and no correlation, respectively. Dif-
ferences were considered statistically significant at p < 0.05. Statisti-
cal analysis was performed using Graph Pad Prism ver. 5, 2007 
(Graph Pad Software Inc., San Diego, CA, USA). 

Results 

The Shapiro-Wilk test and visual inspection of the histograms and 
quantile-quantile plots suggested that the collected data were nor-
mally distributed. In the present study, the ages (mean ± SEM) of 
the participants in groups A and B were 47.73 ± 2.33 years and 
41.93 ± 2.79 years, respectively. An unpaired Student t-test showed 
that the mean age of the participants was not statistically different 
between the groups (p = 0.122) (Table 1). Regarding sex distribu-
tion between the groups, group A had nine male patients and six 
female patients, and group B had seven male patients and eight fe-
male patients. A chi-square test showed that there was no statisti-
cally significant difference in the sex distribution (p = 0.457). 
Hence, confounding variables, such as age and sex, did not affect 
the study results (Table 1). Group B showed higher SE levels than 
group A both at baseline (group A, 11.84 ± 1.24 mIU/mL and 
group B, 15.19±0.79 mIU/mL; p=0.031) as well as after 3 months 
of periodontal intervention (group A, 13.00 ± 1.40 mIU/mL and 
group B, 17.74 ± 1.36 mIU/mL; p = 0.022) (Table 2, Fig. 1). No 
significant alteration in the SE level was observed in group A 

Table 1. Demographic details of the different study groups

Demographic variable Group A Group B p-value
No. of patients 15 15
Age (yr) 47.73±2.33 41.93±2.79 0.122a)

Sex, male:female 9 (60.0):6 (40.0) 7 (46.7):8 (53.3) 0.457b)

Values are presented as number only, mean±standard error of mean, or 
number (%).
Group A, smokers; group B, nonsmokers.
a)Analyzed by independent samples t-test; b)analyzed by chi-square test.
p<0.05, statistically significant.
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(p = 0.253) after 3 months of periodontal therapy (Table 2). How-
ever, the SE level in group B increased significantly (p = 0.035) af-
ter 3 months compared to the baseline level (Table 2, Fig. 1). 

Considering the SF level data, group A showed statistically 
significant higher values of SF than group B at baseline (group 
A, 95.49 ±21.53 ng/mL and group B, 44.86 ±4.69 ng/mL; 
p =0.018). Whereas group B showed statistically lower (group A, 
77.06 ±14.06 ng/mL and group B, 39.05 ±5.46 ng/mL; p =0.009) 
SF level compared to group A after 3 months of NSPT (Table 3, 
Fig. 2). However, no significant alteration (p = 0.618) in SF level 
was observed in group A after 3 months of treatment compared to 
the baseline level. However, the SF level in group B decreased sig-
nificantly (p = 0.039) after 3 months of NSPT compared with the 
corresponding baseline level (Table 3, Fig. 2). 

Discussion 

The underlying anemia status in smokers may be masked by rela-
tively higher Hb values, which are usually tested to assess anemia. 
This may lead to an underestimation of the prevalence of anemia 
among smokers. The available literature suggests that only a few 
studies have analyzed the efficacy of periodontal interventions, 
such as NSPT, on the anemia status of such patients by assessing 
SE or SF. 

In the present study, the baseline mean SE levels were signifi-
cantly lower (p = 0.031) in smokers with CP than in nonsmokers 
with CP. In addition, SE levels were negatively correlated with 
smoking at baseline. These findings are consistent with those of 
Tanabe et al. [16] and Eisenga et al. [17]. During daytime smok-
ing, higher SE levels lead to erythrocytosis, which in turn inhibits 

Table 2. Intergroup comparison of serum erythropoietin levels (mIU/
mL) at baseline and at 3 months of treatment 

Time
Serum erythropoietin level (mIU/mL)

p-valuea)

Group A (n=15) Group B (n=15)
Baseline 11.84±1.24 15.19±0.79 0.031
At 3 mo 13.00±1.40 17.74±1.36 0.022
p-valueb) 0.253 0.035

Values are presented as mean±standard error of mean.
Group A, smokers; group B, nonsmokers.
a)Analyzed by independent samples t-test; b)analyzed by paired samples 
t-test.
p<0.05, statistically significant.

Table 3. Intergroup comparison of serum ferritin levels (ng/mL) at 
baseline and at 3 months of treatment

Time
Serum ferritin level (ng/mL)

p-valuea)

Group A (n=15) Group B (n=15)
Baseline 95.49±21.53 44.86±4.69 0.018
At 3 mo 77.06±14.06 39.05±5.46 0.009
p-valueb) 0.618 0.039

Values are presented as mean±standard error of mean.
Group A, smokers; group B, nonsmokers.
a)Analyzed by independent samples t-test; b)analyzed by paired samples 
t-test.
p<0.05, statistically significant.

Fig. 1. Evaluation of serum erythropoietin (SE) levels. Group A, 
smokers; group B, nonsmokers.

Fig. 2. Evaluation of serum ferritin (SF) levels. Group A, smokers; 
group B, nonsmokers.
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further erythropoietin production through a negative feedback 
loop. Endogenous circulating erythropoietin with a half-life of 6 to 
8 hours would result in low SE in the morning hours when blood 
samples are usually drawn [17]. This phenomenon is supported 
by the circadian rhythm of SE levels described by Miller et al. [18]. 
An alternative explanation may be derived from the study by Wein-
berg et al. [19] who observed the JAK2 V617F mutation in ciga-
rette smokers and suggested that the erythrocytosis observed in 
smokers occurs via an erythroid cell-intrinsic erythropoietin-inde-
pendent mechanism. They also stated that this may be an unidenti-
fied direct effect of smoking on erythropoiesis. Chronic smoking 
initially induces an increase in erythrocyte volume, plasma volume, 
and erythropoietin concentration, the latter of which is reduced 
when the erythrocyte volume increases. Hence, erythropoietin 
production represents a balance between stimulation by hypoxia 
and negative feedback by increasing erythrocyte volume [14]. The 
release of proinflammatory cytokines from peripheral neutrophils 
and various parameters of inflammation in plasma seem to be af-
fected more by cigarette smoking than periodontal disease, which 
might contribute to the downregulation of erythropoietin produc-
tion. Elevation of these inflammatory mediators leads to inhibition 
of the hormone erythropoietin and erythropoiesis, leading to the 
development of anemia [20].  

In the present study, 3 months following the NSPT interven-
tion, SE levels increased from baseline values in group A, although 
they were not statistically significant (p = 0.253). In contrast, the 
group B patients showed a statistically significant (p = 0.035) im-
provement in SE levels following periodontal intervention. This is 
in agreement with the results of Miller et al. [21], who failed to de-
tect differences in SE levels when the COHb concentration 
changed following smoking cessation. As a possible explanation, 
they mentioned that small changes in COHb were not sufficient to 
trigger an erythropoietin response in persons with normal lung 
function. In the present study, the mean SF levels at baseline were 
significantly higher (p = 0.018) in group A than in group B. Ghio et 
al. [22] supported this finding of increased SF levels among smok-
ers compared with those among nonsmokers. They correlated this 
finding with the systemic accumulation of iron after cigarette 
smoke exposure and concluded that cigarette smoke alters iron ho-
meostasis both in the lung and systemically. However, that study 
did not include patients with CP. Contradictory findings were ob-
tained in a study by Erdemir et al. [23], who noted similar SF levels 
among smokers and nonsmokers. These findings were in agree-
ment with those of patients with ACD, who had normal to elevat-
ed SF levels. However, the possible cause of the similar SF values in 
both groups was not explained in that report. A cross-sectional 
study conducted by Prakash et al. [24] assessed the anemia status 

of nonsmoking patients with CP by evaluating various hematologi-
cal parameters. No significant changes in SF levels were observed 
between the study groups. In the present study, the mean SF levels 
in group B were significantly lower (p = 0.0397) at 3 months after 
NSPT than at baseline. This is in agreement with the study of 
Chakraborty et al. [13], who detected relatively higher SF levels in 
smokers with CP than in nonsmokers with CP, and these levels 
were restored to normal following NSPT intervention. The mean 
SF levels in the present study at 3 months after NSPT were re-
duced in group A compared to baseline; however, the difference 
was not statistically significant (p = 0.618). The available literature 
does not include any comparable studies. 

One limitation of the present study is its relatively small sample 
size. Further studies involving larger sample sizes and other param-
eters may be conducted in the future if required. 

Overall, NSPT leads to a relative increase in SE levels and a rela-
tive decrease in SF levels, thereby indicating an improvement in 
the anemia status of both smokers and nonsmokers. However, the 
magnitude of the changes was less in smokers. Hematological pa-
rameters such as SF and SE might serve as effective biomarkers for 
assessing anemia status in nonsmokers with CP. For smokers with 
CP, further studies with larger sample sizes may clearly demon-
strate the effect of NSPT on SE and SF levels among these individ-
uals. 
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Introduction 

In 2010, the World Health Organization (WHO) classified mu-
cin-producing bile duct tumors of the liver into two distinct enti-
ties: mucinous cystic neoplasm of the liver (MCN-L) and intra-
ductal papillary mucinous neoplasm of the bile duct (IPMN-B) 
[1,2]. MCN-L is a rare disease that accounts for less than 5% of 
all cystic liver lesions [2-6]. This disease predominantly occurs in 
women [1,4,7]. Histologically, it is defined as a cyst-forming epi-
thelial neoplasm composed of mucin-producing epithelium asso-
ciated with ovarian-like stroma (OLS) [2]. MCN-L is graded as 
low-, intermediate-, and high-grade intraepithelial dysplasia, car-
cinoma in situ, or associated invasive carcinoma [1,2,8]. 

MCN-L has previously been known as biliary cystadenoma  
or cystadenocarcinoma [3]. We have previously reported 23 cas-
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es of biliary cystadenoma and seven cases of biliary cystadeno-
carcinoma [9], for which the definition of MCN-L according to 
the WHO 2010 classification was not adopted because these 
study patients had undergone surgical resection between 2007 
and 2013. 

We present the case of a patient who underwent hepatic resec-
tion for MCN-L with a uniquely pedunculated shape. 

Case 
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A 32-year-old woman was referred to our institution with a diag-
nosis of biliary cystic neoplasm. The patient underwent comput-
ed tomography (CT) at a local hospital because of a sudden on-
set of upper abdominal pain persisting for 1 day. The abdominal 
CT showed an 8 cm-sized multiseptated cystic mass with some 
high attenuation fluid in the right lobe of the liver, suggesting a 
biliary cystic neoplasm. She had undergone left salpingo-oopho-
rectomy for ovarian cancer 15 years ago.  

A repeat abdominal CT scan showed an 8 cm-sized well de-
fined, multiloculated cystic lesion, suggesting a mucinous cystic 
neoplasm (Fig. 1). A high attenuation portion was observed 
within the cystic lesion, indicating hemorrhage rather than a 

thickened septum. There was no attenuation change in the sur-
rounding liver tissue or bile duct dilatation. Diffuse fatty liver and 
splenomegaly were present. Fluorodeoxyglucose positron emis-
sion tomography-CT showed an 8 cm-sized metabolic defect in 
the right liver (Fig. 2). In the right ovary, a cystic lesion with mild 
hypermetabolic uptake was observed. Pelvic ultrasonography 
performed at the Department of Obstetrics and Gynecology 
showed a 3.5 cm-sized cystic lesion in the right adnexa, which 
was an indication for further follow-up. There was no evidence of 
ovarian cancer recurrence or liver metastasis. 

Because the patient had undergone surgery for ovarian cancer, 
she wanted to receive an upfront surgery for liver mass resection. 

B

C D

A

Fig. 1. Preoperative computed tomography showing an 8 cm-sized well defined, multiloculated cystic lesion. There is some high attenu-
ation portion within the cystic lesion indicating hemorrhage (arrows) in (A, C) the arterial phase and (B, D) portal phase images. Diffuse 
fatty liver is present.
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Fig. 2. Fluorodeoxyglucose positron emission tomography show-
ing an 8 cm-sized metabolic defect in the right liver (arrow).

We planned to perform a partial hepatectomy to remove the cys-
tic mass. After laparotomy, the gallbladder was resected because 
of previous surgery-associated adhesions. There were noticeable 
adhesions around the cystic mass in the right dome of the liver. 
After meticulous dissection of the liver dome, we unexpectedly 
identified that the cystic mass was uniquely pedunculated in the 
liver capsule (Fig. 3). The cystic mass compressed the liver paren-
chyma; thus, the corresponding portion was depressed to hold it. 
We presumed that hemorrhagic expansion of the cystic mass was 
associated with the sudden onset of upper abdominal pain. The 
mass was delivered after partial hepatectomy in the pedunculated 
neck portion. The right ovarian cyst was assessed intraoperatively 
by obstetricians and regarded as a functional ovarian cyst. 

The pathology report revealed that the cystic lesion was multi-
loculated and filled with mucinous fluid (Fig. 4). The diagnosis 
was a low-grade MCN-L of 8 × 6 × 4 cm that was attached to the 
Glisson capsule. There was no finding of a usual discolored hema-
toma in the lumen of the cystic lesion. Focal luminal thickening, 
which was well matched with the preoperative CT findings, ap-
peared to be suggestive of a resolved hematoma. The cyst was lined 
by tall columnar tumor cells possessing supranuclear cytoplasmic 
mucin with elongated nuclei and mild cytologic atypia. Subepithe-
lial OLS cells with elongated nuclei were diffusely positive for es-
trogen receptors (Fig. 5). Focal positivity was also observed in the 
OLS cells. 

The patient recovered uneventfully (Fig. 6). She was discharged 

7 days postoperatively. The patient has been doing well for 6 
months after the operation. The patient will be followed up every 6 
to 12 months because of MCN-L and ovarian cyst . 

Discussion 

MCN-L shows multilocular cysts with septation. It is often locat-
ed in the left liver. Considering these usual findings of MCN-L, 
our patient showed a unique feature of pedunculated MCN-L. 
The cystic mass occupied the space at the liver dome, leaving a 
counterpart cast-like depression in the liver parenchyma. Such 
intraoperative findings suggested that the cystic tumor had 
grown very slowly over a long period. We presumed that hemor-
rhagic expansion of the cystic mass was associated with preoper-
ative upper abdominal pain, which occurred suddenly and per-
sisted for a day. 

MCN-L should be differentiated from IPMN-B, which is recog-
nized as a biliary counterpart to the papillary intraductal muci-
nous neoplasm of the pancreas. The characteristics of IPMN-B in-
clude multicystic appearance, bile duct dilation, the presence of 
intraluminal masses, and intraductal nodules [1,5,7,10,11]. IP-
NM-B has the typical characteristics of an absence of OLS. It is 
histologically described as a mucinous and papillary neoplasm, 
with a clear origin in the biliary epithelium and solitary or diffuse 
intraductal growth [10]. However, there are some case reports of 
MCN-L showing the presence of a prolapsed tumor mass in the 
left hepatic duct and common bile duct that can cause ductal dila-
tion [10,12]. These findings suggest that ductal dilation and com-
munication with the bile duct might not be typical signs of 
IPMN-B because they can be identified in MCN-L. 

It is difficult to differentiate between MCN-L and IPMN-B pre-
operatively. MCN-L usually shows the absence of communication 
with the bile duct, absence of bile duct dilation, and multilocular 
shape, but these findings might not always be decisive when defin-
ing the diagnosis of MCN-L. The presence of OLS in the histo-
pathological section was established by the WHO 2010 classifica-
tion as a diagnostic criterion for MCN-L. In contrast, immunohis-
tochemical profiling of mucin core proteins (MUC1, MUC2, and 
MUC5AC) and cytokeratin (CK7 and CK20) is used to classify 
IPMN-B into four types; pancreaticobiliary, intestinal, gastric, and 
oncocytic types [13,14]. 

There are some common characteristics between MCN-L and 
IPMN-B, such as mucin production rare incidence. However, 
some clinicopathological features are more typical of each neo-
plasm. MCN-L predominantly occurs in females but not IPMN-B 
[1,7,12,15]. It is also difficult to differentiate MCN-L from simple 
liver cysts. 
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A B

Fig. 4. Gross photographs of the resected specimen. (A) External shape and (B) internal morphology of the cystic mass are visible. The 
cystic lesion of 8×6×4 cm is multiloculated and filled with mucinous fluid. Arrow indicates the resected liver parenchyma attached to 
the neck portion. Arrowhead indicates the focal luminal thickening suggestive of resolved hematoma.

A B

C D

Fig. 3. Intraoperative findings. (A) There are noticeable adhesions around the cystic mass in the right liver dome. (B) The cystic mass is 
pedunculated at the liver capsule. (C) The mass is delivered after partial hepatectomy at the pedunculated neck portion. (D) A cast-like 
depression is left at the liver parenchyma.
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A B

Fig. 6. Computed tomography at 5 days after the operation showing usual postoperative findings. (A) Fluid collection is identified at the 
site of mass. (B) Multiple metal clips indicate the site of pedunculated neck portion.
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Fig. 5. Microscopic findings. (A) The cyst is lined by tall columnar tumor cells having intracytoplasmic mucin and elongated nuclei with 
mild cytologic atypia (hematoxylin and eosin stain, ×200). (B) The subepithelial ovarian-type stromal cells are diffusely positive for es-
trogen receptor (immunohistochemical stain, ×200).

A B

A large cyst at the initial presentation, an increase in size during 
follow-up, and the manifestation of symptoms are general indica-
tions for surgical resection [3,11]. A 5-year survival rate of 100% 
has been reported in patients with MCN-L [1,4]. Considering 
such favorable postresection outcomes, follow-up protocols for the 
patient in the present case include the first imaging study at 6 
months after resection and subsequent follow-up studies every 12 
months for more than 5 years. 
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Introduction 

Sarcoidosis is a multisystem disease characterized by the formation 
of noncaseating granulomas in affected organs. Sarcoidosis can af-
fect almost all organs, with more than 90% of patients showing in-
volvement of the lungs and hilar lymph nodes. The liver is the third 
most commonly affected organ [1]. Most patients with hepatic in-
volvement are asymptomatic, but 5% to 30% of these patients pres-
ent with abdominal pain in the right upper quadrant, nausea, vom-
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iting, and/or hepatomegaly [2-4]. A small number of patients with 
hepatic sarcoidosis present with chronic cholestasis, cirrhosis, por-
tal hypertension, and Budd-Chiari syndrome [5,6]. Cirrhosis oc-
curs in less than 1% of patients with sarcoidosis [5]. This study re-
ports the case of a patient who presented with elevated liver en-
zymes and abnormal hepatic morphology as the first clinical signs 
of systemic sarcoidosis and was ultimately diagnosed with systemic 
sarcoidosis. 
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Case 

Ethical statements: This retrospective study was approved 
by the Institutional Review Board (IRB) of Pusan National 
University Hospital (IRB No: 2106-033-104), and the re-
quirement for informed consent from the patient was waived 
by the IRB.

A 37-year-old man visited our outpatient clinic with elevated liver 
enzymes and computed tomography (CT) findings indicative of 
liver cirrhosis. The patient reported that his liver enzymes had 
been elevated during the previous 4 to 5 years, but he was not fur-
ther tested. He had not been diagnosed with any disease and had 
not taken any medications or had traveled. At presentation, the pa-
tient was asymptomatic; his liver and spleen were not palpable, and 
there were no signs of chronic liver disease, such as palmar erythe-
ma, spider nevi, gynecomastia, and ascites, and no unusual skin le-
sions. The patient was 187 cm tall and weighed 104 kg (body mass 
index, 29.7 kg/m2), drank alcohol 2 to 3 times per month, and was 
a current smoker with a history of seven pack-years. His maternal 
grandfather had hepatocellular carcinoma. 

Laboratory examination showed elevated concentrations of liver 
enzymes, including aspartate aminotransferase (AST, 133 IU/L; 
upper normal limit [UNL], 40 IU/L), alanine aminotransferase 
(ALT, 158 IU/L; UNL, 40 IU/L), alkaline phosphatase (ALP, 378 
IU/L; UNL, 129 IU/L), and gamma-glutamyl transferase (GGT, 

2,162 IU/L; UNL, 73 IU/L). However, serum bilirubin (0.71 mg/
dL) and albumin (5.0 g/dL) concentrations were not elevated 
and the prothrombin time was not prolonged (11.8 seconds). 
Abdominal CT showed cirrhotic nodules in both lobes of the liv-
er (Fig. 1A), but a chest X-ray showed no evidence of hilar lymph-
adenopathy (Fig. 1B). 

The elevated liver enzymes and abdominal CT findings, show-
ing multiple cirrhotic nodules in both lobes, led to further labora-
tory evaluations to determine the cause of liver cirrhosis. Serologi-
cal tests for hepatitis A, B, and C viruses were all negative, and lev-
els of antimitochondrial antibody (AMA), anti-smooth muscle an-
tibody, anti-liver kidney microsome type 1, antineutrophil cyto-
plasmic antibody, alpha-1-antitrypsin, ceruloplasmin, fluorescent 
antinuclear antibody, and quantitative copper were all within nor-
mal ranges. Serum concentrations of immunoglobulins (Igs), in-
cluding IgG (1,440 mg/dL), IgA (289 mg/dL), and IgM (120 
mg/dL), were not elevated. 

Because treatment with the usual dose of ursodeoxycholic acid 
(UDCA, 600 mg/day) for 5 months had no effect on liver enzyme 
levels and all serologic markers were negative, a transjugular liver 
biopsy was performed. Histopathologic evaluation of the speci-
men indicated chronic granulomatous inflammation (Fig. 2), with 
no staining for fungi or acid-fast bacilli, and a polymerase chain re-
action test negative for Mycobacterium tuberculosis. Based on the bi-
opsy results and the clinical characteristics of sarcoidosis, he was 
initially diagnosed with primary biliary cholangitis (PBC), and his 
daily dosage of UDCA was increased to 900 mg. After 6 months of 

Fig. 1. Initial abdominal computed tomography (CT) and chest X-ray of the patient. (A) Enhanced CT image of the abdomen in the por-
tal-venous phase, showing underlying liver cirrhosis with multiple cirrhotic nodules in both lobes of the liver. (B) The first chest X-ray 
shows no evidence of hilar lymphadenopathy.
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treatment, however, his liver enzyme levels did not decrease signifi-
cantly, and a follow-up chest X-ray showed no abnormal findings. 

Routine laboratory testing after the patient had taken 900 mg/
day UDCA for 14 months showed a total bilirubin concentration 
of 10.9 mg/dL (UNL, 1.2 mg/dL), and the patient was hospital-
ized. Abdominal CT showed innumerable and scattered low-atten-
uation lesions in the liver parenchyma, spleen, and kidneys, as well 
as multiple small lymph nodes at the lower paraesophageal, peri-
gastric, portocaval, retrocaval, paraaortic, retroperitoneal, liver hi-
lum, hepatoduodenal ligament, common hepatic artery, and celiac 
axis areas. After admission, erythematous plaques were observed 
on the right elbow and left knee (Fig. 3A). Biopsy specimens from 
these areas indicated the presence of epithelioid cell granulomas 
(Fig. 3B). Based on the results of the skin biopsy, he was diagnosed 
with sarcoidosis, a diagnosis confirmed by his serum angioten-
sin-converting enzyme (ACE) levels elevated to 92.2 U/L (UNL, 
47 U/L) and the results of chest and abdominal CT. The patient 
underwent transthoracic echocardiography and fundus examina-

tion to identify the extent of sarcoidosis. Examination of a second 
transjugular liver biopsy sample showed multiple confluent nonca-
seating granulomas in the hepatic capsule, portal and focal peripor-
tal inflammation, mild lobular activity, and portal fibrosis (Fig. 4). 
These results confirmed the diagnosis of hepatic sarcoidosis, ac-
companied by involvement of the lungs, heart, spleen, kidneys, and 
skin (Supplementary Fig. 1). 

After confirmation of sarcoidosis, the patient was administered 
intravenous methylprednisolone (40 mg/day for 3 days) followed 
by oral prednisolone (80 mg/day for 3 days and then tapered 
down to 40 mg/day). The patient was started on azathioprine (25 
mg/day) 2 weeks after initiation of prednisolone, and the dose of 
steroid was simultaneously reduced by 5 mg/day every 3 days. Af-
ter 3 weeks of steroid treatment, his liver enzyme concentrations 
had markedly decreased (AST, 95 IU/L; ALT, 62 IU/L; ALP, 379 
IU/L; total bilirubin, 2.32 mg/dL) and the patient was discharged 
from the hospital. At follow-up 49 months after the initiation of 
steroid treatment, the patient was taking prednisolone (10 mg/

BA

Fig. 2. Histopathology of the first transjugular liver biopsy. (A) The liver shows chronic granulomatous inflammation without necrosis. (B) 
Focal aggregates of epithelioid histiocytes are present (hematoxylin and eosin stain; [A] x200, [B] x400).

Fig. 3. Clinical and histologic findings of the skin. (A) Erythematous plaques are present on the right elbow and left knee. (B) The skin 
shows noncaseating granulomas composed of epithelioid histiocytes (hematoxylin and eosin stain, ×200).
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day) and azathioprine (100 mg/day), and blood chemistry indicat-
ed continued improvements in liver enzymes (AST, 46 IU/L; 
ALT, 45 IU/L; ALP, 174 IU/L; total bilirubin, 0.98 mg/dL; GGT, 
790 IU/L) (Supplementary Fig. 2). 

Discussion 

The present report describes the procedures used to diagnose sar-
coidosis involving the liver, lungs, heart, spleen, kidneys, and skin 
in a patient who initially presented with elevated liver enzymes and 
abnormal hepatic morphology. The characteristics of this patient 
were unusual in that an elevation in liver enzymes was the first and 
only clinical finding of systemic sarcoidosis, and there was no ini-
tial involvement of the lungs or skin. Although hepatic involve-
ment has been observed in 5% to 30% of patients with sarcoidosis 
[3,7], isolated liver involvement without lung disease is rare and 
observed in only 13% of patients with sarcoidosis [7]. 

On initial examination, abdominal CT of the patient revealed cir-
rhotic hepatic nodules, whereas laboratory tests showed elevated 
liver enzymes, findings suggestive of cirrhosis. A liver biopsy, how-
ever, showed mild hepatocellular cholestasis and portal fibrosis, pro-
viding no pathological evidence of cirrhosis. In addition, the CT 
scan provided no evidence of portal hypertension, such as dilatation 
of the portal and/or mesenteric vein, contrast enhancement of the 
paraumbilical vein, collateral vessels or varices, splenomegaly, or as-
cites. Sarcoidosis and granulomatous liver disease have been classi-
fied into four broad categories [8], with the present patient having 
group III sarcoidosis, which is characterized by clinical and labora-
tory evidence of hepatocellular disease with or without portal hy-
pertension. The prevalence of liver cirrhosis at the time of diagnosis 

of hepatic sarcoidosis has been reported to range from 6% to 24% 
[3,7,9-11], with signs of liver cirrhosis and portal hypertension ob-
served in up to 18% of patients with hepatic sarcoidosis [3,4,12]. 

Although the initial liver biopsy confirmed hepatic granulomas, 
the final diagnosis of sarcoidosis was delayed. This patient was neg-
ative for AMA, had normal IgM levels, and bile duct inflammation 
was unclear in the liver biopsy sample. These findings suggested an 
initial diagnosis of PBC, because less than 10% of patients with sar-
coidosis have isolated extrapulmonary sarcoidosis [13], and be-
cause cirrhosis is not common in patients with hepatic sarcoidosis 
[5]. Although noncaseating granulomas are characteristic of sar-
coidosis and occur in 60% to 80% of patients [2], the presence of 
hepatic granulomas on a diagnostic liver biopsy is also consistent 
with a broad spectrum of other diseases, including PBC, infectious 
diseases, drug reactions, and cancer [14]. 

Hepatic sarcoidosis can manifest as intra- or extrahepatic 
cholestasis [15]. Intrahepatic cholestasis in patients with hepatic 
sarcoidosis is characterized histologically by numerous well-formed 
granulomas located mainly in the periportal area. In comparison, 
PBC manifests as poorly demarcated granulomas located in portal 
tracts along damaged bile ducts [16], whereas primary sclerosing 
cholangitis is characterized by prominent concentric periductal fi-
brosis [17]. Extrahepatic cholestasis in patients with hepatic sar-
coidosis has been associated with the occurrence of extrahepatic 
obstruction due to narrowing of the common hepatic duct by gran-
ulomas located in the biliary tract [15]. 

During the differential diagnosis of an unexplained increase in 
liver enzymes, it is important to consider sarcoidosis as a possible 
cause. Because of the relatively asymptomatic nature of hepatic sar-
coidosis and liver enzyme elevation, imaging methods have a deci-

BA

Fig. 4. Histopathology of the second transjugular liver biopsy. (A, B) The liver shows multiple noncaseating granulomas in the hepatic 
capsule and portal tracts (hematoxylin and eosin stain; [A] x200, [B] x400).
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sive role in the diagnosis of hepatic sarcoidosis [9]. The most com-
mon liver enzyme abnormalities in sarcoidosis are elevations in 
ALP and GGT to more than three times their UNLs. AST and 
ALT elevations are less common, usually less than twice the 
UNLs, and less severe than ALP and GGT elevations [6,9]. Hy-
perbilirubinemia is uncommon in patients with sarcoidosis, with 
all patients presenting with preserved liver synthetic function [9]. 
The epithelioid cells of sarcoid granulomas may be responsible for 
the elevation of serum ACE [18], but elevated serum ACE has a 
sensitivity of only 57% and a specificity of 90% for the diagnosis of 
sarcoidosis [19]. 

Guidelines to date have not specified the initial treatment (drug 
of choice, dose, and duration) of patients with hepatic sarcoidosis 
[17]. Glucocorticoids are generally administered as first-line thera-
py [9], but large controlled studies performed to date do not pro-
vide supporting evidence for the efficacy and long-term benefits of 
glucocorticoids and other immunosuppressive agents [15,20]. Al-
though steroid treatment can reduce clinical symptoms, liver en-
zyme levels, and hepatomegaly [3], it does not prevent the pro-
gression of hepatic sarcoidosis [2]. 

The diagnosis of sarcoidosis in our patient was difficult because 
the initial clinical findings included only elevated liver enzymes, ab-
normal hepatic morphology, and no evidence of systemic involve-
ment. To our knowledge, this report describes the first patient to 
date diagnosed with hepatic sarcoidosis who had elevated hepatic 
enzyme levels and suspicious cirrhotic nodules on CT and had cir-
rhosis without portal hypertension. These findings indicate the 
importance of considering hepatic sarcoidosis as a possible diagno-
sis in patients with unexplained elevations in liver enzymes or 
cryptogenic cirrhosis. 

Supplementary materials 

Supplementary Figs. 1 and 2 can be found via https://doi.org/ 
10.12701/yujm.2021.01151. 
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Introduction 

Mondor disease (MD) is a palpable, painful, subcutaneous indura-
tion caused by superficial venous thrombosis [1,2]. In 1939, the 
first report involved a female patient with symptoms in the tho-
racoepigastric region. Penile MD was first reported in 1958 [2,3]. 
MD is rare and its etiology remains to be established. However, a 
relationship with Virchow’s triad is strongly suspected [1,3]. More-
over, rare cases of MD related to oral contraceptives have been re-
ported [4]. Sildenafil, also known as Viagra, is currently used for 
the management of male erectile dysfunction and has been ap-
proved for the treatment of pulmonary hypertension [5]. We re-
port a case of penile MD that was suspected to be related to pro-
longed oral sildenafil use. 

Penile Mondor disease (MD) is a palpable, painful, subcutaneous induration caused by superficial dorsal penile vein thrombosis. We re-
port a case of penile MD that was suspected to be related to prolonged oral sildenafil use. A 46-year-old man visited our emergency 
department with sustained penile pain and swelling that began 7 hours after sexual intercourse. He had used oral sildenafil intermit-
tently for 11 years and engaged in sexual intercourse the previous night after taking sildenafil. Examination revealed no evidence of 
intercourse-related trauma to the genital area or an increase in penile skin temperature. However, penile swelling and tenderness over 
the protruding dorsal penile vein were noted. A color Doppler ultrasound examination was performed immediately, which showed hy-
perechoic thrombosis in the right superficial dorsal penile vein that was dilated, with soft tissue swelling and no detectable flow signal 
in the thrombotic lesion. The patient was diagnosed as having penile MD. The patient was treated conservatively. Some reports have 
indicated the involvement of sildenafil in thrombogenesis. Physicians should be aware that prolonged oral sildenafil use may be asso-
ciated with penile MD. 
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Case 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: 2022-03-033). Written informed consent was ob-
tained for publication of this case report and accompanying 
images.

A 46-year-old man visited the emergency department (ED) with 
sustained penile pain and swelling that began 7 hours after sexual 
intercourse. He had a history of hypertension, gastroesophageal re-
flux disease, and posttraumatic stress disorder. He had used oral 
sildenafil intermittently for 11 years for erectile dysfunction, and 
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the night prior to arrival at the ED, he had engaged in sexual inter-
course after taking sildenafil. No clinical signs of intercourse-relat-
ed trauma to the genital area were observed. The following morn-
ing, he noted a sustained, painful penile erection with swelling. Us-
ing a visual analogue scale, the patient’s pain intensity was scored at 
approximately 2 points. His initial vital signs were as follows: blood 
pressure, 100/60 mmHg; heart rate, 110 beats/min; respiratory 
rate, 20 breaths/min; and body temperature, normal. He reported 
no urinary symptoms and declined biochemical laboratory tests. 
On physical examination, the penis was swollen, with no increase 
in skin temperature. He complained of tenderness over the dorsal 
penile vein area and a mild protrusion was noted (Fig. 1). The dif-
ferential diagnosis included suspected unidentified priapism, soft 
tissue infection, or penile fracture, and an ED ultrasound examina-

tion was performed. No abnormal disruption of the tunica al-
buginea was noted in the penile shaft. However, a dilated vein with 
hyperechoic thrombosis was observed in the right superficial dor-
sal vein of the penis with soft tissue swelling. Moreover, the ab-
sence of flow signal in the thrombotic lesion was identified on the 
color Doppler ultrasound image (Fig. 2). Following ED-adminis-
tered pain management, he was advised to avoid sexual intercourse 
and was discharged from the ED with a prescription for nonsteroi-
dal anti-inflammatory medication. A follow-up appointment at the 
Department of Urology in outpatient clinic was made to deter-
mine whether surgical thrombectomy would be required. During 
the next 2 weeks of outpatient follow-up, the patient’s symptoms 
improved. 

Discussion 

MD is a rare, painful, superficial venous thrombosis that has been 
reported to predominantly occur in the chest wall or penis [2]. Pe-
nile MD comprises venous thrombosis of the dorsal superficial pe-
nile vein and is typically benign and self-limiting. However, its 
pathophysiology remains unclear [1]. Virchow’s triad, involving 
vascular wall injury, venous stasis, and hypercoagulation, has been 
reported to cause venous thrombosis [1]. The most likely cause of 
penile MD is vascular wall injury, which is one factor in Virchow's 
triad, due to lengthening or splitting of the vessel from prolonged 
vigorous sexual activity, typically within 24 to 48 hours [3]. Hyper-
coagulation due to protein S, protein C, and antithrombin III defi-
ciency has also been reported to cause penile thrombosis [6]. Di-

Fig. 1. Photo of the penis. Arrows indicate a slight protrusion 
of the superficial dorsal vein with mild swelling of the penis. 
No erythema is present.

Fig. 2. Penile ultrasonography and color Doppler ultrasound imaging. (A) Ultrasonography shows thrombosis (arrows) in the penile 
superficial dorsal vein. (B) Color Doppler untrasound indicates the absence of a flow signal (blue or red signal) in the thrombotic 
lesion (arrow). Imaging results support the diagnosis of penile Mondor disease.
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agnosis is possible through a detailed history, physical examina-
tion, and color Doppler ultrasound [1]. Penile MD is most fre-
quently treated conservatively, and patients are advised to avoid 
sexual activity and to take nonsteroidal anti-inflammatory medica-
tion. However, in rare cases, thrombectomy can be proposed in 
chronic forms of penile MD or in forms resistant to treatment 
(persistence of the symptomatology and absence of permeabiliza-
tion of the vein at 6 weeks) [1,7]. Antibiotics are prescribed if there 
is evidence of infection, such as superficial cellulitis or a sexually 
transmitted disease [3]. 

Sildenafil acts by blocking phosphodiesterase-5, an enzyme 
that promotes the breakdown of cyclic guanosine monophos-
phate (cGMP), causing relaxation of the corpora cavernosa and 
penile arteriolar smooth muscle. Owing to the localized vasodila-
tory effect of the nitric oxide–guanosine monophosphate path-
way, the U.S. Food and Drug Administration has approved its use 
in the treatment of pulmonary hypertension [5]. However, silde-
nafil has been reported to have various adverse effects, including 
venous thrombosis. Table 1 shows previous reports on the asso-
ciation between venous thrombosis and oral sildenafil [5,8,9]. 
According to previous reports, the mechanisms of vascular throm-
bosis may be due to vascular stasis and/or platelet aggregation re-
sulting from long-term sildenafil use. cGMP can inhibit platelet 
aggregation. Initially, cGMP causes platelets to clump to seal a 
wound and later reverses this action to stop an excessive build-up 
of cells that might then block a blood vessel. Sildenafil-enhanced 
intracellular cGMP activates cGMP-dependent protein kinase 
(PKG) [10]. PKG promotes von Willebrand factor-induced acti-
vation of human platelets [11]. Rufa et al. [5] suggested that the 
chronic use of sildenafil causes high cGMP levels, which might 
interfere with normal endothelial function. Moreover, sildenafil 
lowers systolic blood pressure by 8 to 10 mmHg owing to its vas-
cular relaxation effect, which could be the cause of vascular insuf-
ficiency [12]. Decreased blood flow owing to blood vessel relax-
ation may be an additional cause of thrombus formation. 

Penile MD is not life-threatening, but it can negatively affect a 
patient's quality of life. Considering the adverse effects of sildena-
fil, prolonged oral administration could cause abnormal venous 
thrombosis of the superficial dorsal penile vein. It is also reason-

able to consider that sildenafil can cause penile MD in men with 
other risk factors, such as penile vascular wall injury due to vigor-
ous sexual activity. We believe that long-term use of sildenafil 
causes genital vascular thrombosis, and further studies are need-
ed to support the development of optimal guidelines for long-
term use. 
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We present the case of a 21-year-old previously healthy 
varsity rugby athlete with left common fibular nerve 
(CFN) injury following knee dislocation. She presented 
to a local hospital with a traumatic knee injury following 
blunt anterior impact causing posterior dislocation. Im-
mediately, she noted anesthesia of the lateral leg and 
dorsal foot, and dorsiflexion paralysis. Computed to-
mography revealed a tibial plateau fracture with 2 mm 
impaction. Magnetic resonance identified torn anterior 
and posterior cruciate ligaments, a torn lateral collateral 
ligament, and a grade one medial collateral ligamentous 
sprain. The fibular nerve was not commented on. Elec-
tromyography (EMG) studies confirmed a CFN 
mononeuropathy. She underwent orthopedic surgery 
for ligament repair 2 weeks post-injury followed by con-
sultation with a peripheral nerve surgeon. 

The patient was seen in our musculoskeletal medi-
cine clinic for preoperative ultrasonographic assess-
ment. She had regained partial sensation of the left distal 
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extremity, however, remained unable to dorsiflex and 
evert the foot. Ultrasonographic analysis (Samsung 
RS80A machine, linear L4-18B probe; Samsung, Seoul, 
Korea) identified a tortuous fibular nerve extending 5 
cm proximal to its passage over the fibular neck (Fig. 1, 
Supplementary Video 1). Loss of fascicular pattern be-
gan prior to division from the sciatic nerve and extend-
ed 7 cm distally, with maximal edema at 9 cm proximal 
to the fibular neck measuring 1 cm in diameter, with no 
nerve discontinuity. Common and superficial fibular 
nerves were unremarkable distal to the fibular neck. 
Upon surgical exploration, the CFN distal to its branch-
ing off the sciatic nerve was scarred and hardened. The 
neuroma in continuity was excised followed by grafting 
using cable grafts from the sural nerve. Pathology results 
confirmed a traumatic neuroma. At the 1-year fol-
low-up, there was slight improvement on clinical and 
EMG exam in the fibular muscles (Medical Research 
Council Scale for Muscle Strength score 2/5), but no 
improvement in the muscles of the anterior compart-
ment of the leg (tibialis anterior, extensor digitorum 
longus, extensor hallucis longus: strength 0/5).  

Like seven of the eight patients described by Coraci 
et al. [1], we did not observe CFN neurotmesis. In our 

Fig. 1. Ultrasonography of the left common fibular nerve 
shows intraneural swelling and loss of fascicular pattern 
without discontinuity after a knee posterior dislocation, 
in transverse axis (A) without and (B) with color doppler 
imaging, (C) with area (75 mm2) and diameter (9.9 mm) 
measurements, and (D) in longitudinal axis.
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patient, we additionally described distinct features of a 
neuroma which was tortuous at the popliteal fossa. Ul-
trasonographic analysis changed the course of treatment 
and the surgical approach. Numerous studies have 
shown the incidence of CFN palsy post-knee disloca-
tion ranges from 10% to 40% [2]. Imaging findings in-
clude perineural edema, nerve discontinuity, and neuro-
ma formation. Morris et al. [3] described a case of fibu-
lar nerve looping at the site of injury, which they termed 
the “lariat sign.” What we have described here is a re-
dundant nerve in the absence of rupture, raising the 
question as to whether the anomaly is that of severe 
nerve stretching without rupture or rather nerve entrap-
ment within disorganized fibrous scar tissue leading to 
its tortuous nature. 

Supplementary material 

Supplementary Video 1 can be found via https://doi.
org/10.12701/yujm.2021.01389. 
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Process to manage the research and publication misconduct
When the Journal faces suspected cases of research and publica-
tion misconduct such as a redundant (duplicate) publication, pla-
giarism, fabricated data, changes in authorship, undisclosed con-
flicts of interest, an ethical problem discovered with the submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and other issues, the resolving 
process will follow the flowchart provided by the Committee on 
Publication Ethics (http://publicationethics.org/resources/flow-
charts). The Editorial Board of JYMS will discuss the suspected 
cases and reach a decision. JYMS will not hesitate to publish erra-
ta, corrigenda, clarifications, retractions, and apologies when 
needed.

For the policies on research and publication ethics not stated in 
the Instructions, Guidelines on Good Publication (http://publi-
cationethics.org) or Good Publication Practice Guidelines for 
Medical Journals (http://kamje.or.kr) can be applied.

Categories of publications

JYMS publishes editorials, review articles, original articles, case 
reports, image vignettes, communications, RFS (clinical vignette, 
teaching images), and imagery. Editorials are invited perspectives 
on an area of medical science, dealing with very active fields of re-
search, current medical interests, fresh insights and debates. Re-
view articles provide a concise review of a subject of importance 
to medical researchers written by an invited expert in medical sci-
ence. Original articles are papers reporting the results of basic and 
clinical investigations that are sufficiently well documented to be 

acceptable to critical readers. Case reports deal with clinical cases 
of medical interest or innovation. Image vignettes present state-of-
the-art imaging that can be used in the evaluation of unusual clini-
cal cases. Communications are interesting and instructive infor-
mation for readers. RFS - Clinical vignette is interesting clinical 
cases focused on developing clinical reasoning skills of resident 
or fellow trainees. RFS - Teaching images are previously unpub-
lished Magnetic Resonance Images, Computed Tomography 
Scans, Ultrasound Images, X-rays, Patient Photographs/Videos, 
or other pictorial/videographic material. Imagery is  drawings, 
illustrations, or photographs of artistic and imaginative qualities 
of the readers.

Manuscript submission

The main document with manuscript text and tables should be 
prepared with a Microsoft Word program. Authors should submit 
manuscripts via the online submission system (https://submit.
e-jyms.org). Please log in first as a member of the system and fol-
low the directions. Manuscripts should be submitted by the corre-
sponding author, who should indicate the address and phone 
number for correspondence in the title page of the manuscript. If 
available, a fax number and e-mail address would be helpful. The 
revised manuscript should be submitted through the same web 
system under the same identification numbers. Items pertaining to 
manuscripts submitted for publication, as well as letters or other 
forms of communication regarding the editorial management of 
JYMS, all correspondences and business communications should 
be sent to:

So-Young Park, MD, PhD, Editor-in-Chief
Journal of Yeungnam Medical Science
 Yeungnam University College of Medicine
170 Hyeonchung-ro, Nam-gu, Daegu 42415, Korea
Tel: +82-53-640-6832, Fax: +82-53-651-0394
E-mail: jyms@yu.ac.kr
Homepage: https://e-jyms.org

Peer review process

JYMS reviews all manuscripts received. A manuscript is previewed 
for its format and academic relevancy, and then rejected or sent to 
the 2 (or more) relevant investigators available for review of the con-
tents. The editor selects peer referees by recommendation of the 
editorial board members or from the board's specialist database. 
The identities of the reviewers and authors will not be revealed 
(double blinded review). All the radiologic images and pathologic 
(microscopic) images are reviewed by radiologist or pathologist for 
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appropriateness. A manuscript containing statistical analysis will be 
reviewed by a statistical editor.

Upon completion of the review, authors will receive notifica-
tion of the Editor's decision by e-mail with comments offered by 
the reviewers. Revised manuscripts must be submitted within 3 
months of the date on the decision letter.

Acceptance of manuscripts is based on many factors, including 
the importance, originality, and priority of the research. Accep-
tance of the manuscript is decided based on the critiques and rec-
ommended decision of the referees. A referee may recommend 
“accept”, “minor revision”, “major revision”, or “reject.” If there is a 
marked discrepancy in the decisions between two referees or be-
tween the opinions of the author and referee(s), the editor may 
send the manuscript to another referee for additional comments 
and a recommended decision. The reviewed manuscripts are re-
turned back to the corresponding author with comments and rec-
ommended revisions. Names and decisions of the referees are 
masked. A final editor's decision on acceptance or rejection for 
publication is forwarded to the corresponding author from the 
editorial office.

The usual reasons for rejection are topics that are too specific 
and target audience that is too limited, insufficient originality, seri-
ous scientific flaws, poor quality of illustrations, or absence of a 
message that might be important to readers. Rarity of a disease 
condition is itself not an acceptable justification for case report 
and image vignette. The peer review process takes usually 2–4 
weeks after the manuscript submission.

Revisions are usually requested to take account of criticisms and 
comments made by referees. The revised manuscript should be re-
submitted via the web system. Failure to resubmit the revised man-
uscript within 2 months without any notice from the correspond-
ing author is regarded as a withdrawal. The corresponding author 
must indicate clearly what alterations have been made in response 
to the referee's comments point by point. Acceptable reasons 
should be given for noncompliance with any recommendation of 
the referees.

If the author disagrees with the editorial board’s decision, he 
or she can apply for an objection through individual contact 
(e-mail, etc.).

Copyrights and creative commons attribution license

The manuscript, when published, will become the property of the 
journal. All published papers become the permanent property of 
the Yeungnam University College of Medicine, Yeungnam Uni-
versity Institute Medical Science and must not be published else-
where without written permission. Copyrights of all published 

Manuscript preparation

Review article
All Review articles will undergo peer review. An abstract is re-
quired whereas Methods section and a Results section are not re-
quired (no more than 250 words). The length of review articles is 
limited to 5,000-8,000 words with a maximum of 100 references. 

 
Original article
Original articles should begin with the title page followed by an 
abstract; a list of key words; an Introduction, Methods, Results, 
Discussion, References (up to 40 references), and tables and/or 
illustrations.

1) Title page
The tile page should contain the following information: (1) ti-
tle (less than 150 characters, including spaces); (2) author list 
(first name, middle name, and last name); (3) name of the in-
stitutions at which the work was performed; (4) acknowledge-
ment of research support; (5) name, address, telephone, fax 
number, and e-mail address of the corresponding author; (6) 
running title (less than 50 characters, including spaces). 

2) Abstract
Abstract must be organized and formatted according to the fol-
lowing headings: Background, Methods, Results, and Conclu-
sion. The abstract length is typically no more than 250  words. 

3) Keywords
List 3-6 keywords from the list provided in Index Medicus un-
der "Medical Subject Heading (MeSH)." 

4) Text
The text of manuscripts must have the following sections: In-
troduction, Methods, Results, and Discussion. The body of the 

materials are owned by the Yeungnam University College of Med-
icine, Yeungnam University Institute Medical Science. They also 
follow the Creative Commons Attribution Non-Commercial Li-
cense (https://creativecommons.org/licenses/by-nc/4.0/). 
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manuscript should be written as concisely as possible. All pages 
of the manuscript should be numbered. 

Introduction
This should provide a context or background for the study and 
states the specific purpose or research objective of or hypothe-
sis tested by the study. This may include mention of papers 
most closely related to the article, and of the problem. 

Methods
Explanation of the experimental methods should be concise 
but sufficient to allow other workers to reproduce the results. 
This provides the technical information, apparatus (the manu-
facturer's name and brief address) and procedures. Give refer-
ences and brief descriptions for the methods that have been 
published. Describe statistical methods with enough detail to 
enable a reader with access to the original data to verify the re-
ported results. Define statistical terms, abbreviations, and most 
symbols. 

Ensure correct use of the terms sex (when reporting biologi-
cal factors) and gender (identity, psychosocial or cultural fac-
tors), and, unless inappropriate, report the sex or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex or gender. If the study was 
done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases 
(e.g., prostate cancer). Authors should define how they deter-
mined race or ethnicity and justify their relevance.

Results
This should include a concise textual description of the data 
presented in tables and figures. 

Discussion
This section includes the new and important aspects of the 
study and the conclusions. The data should be interpreted 
concisely. Speculation is permitted, but it must be supported 
by the data presented by the authors. 

References
References should be numbered consecutively in the order in 
which they are first mentioned in the text, with numbers in 
square brackets before any closing punctuation. They should 
be listed on a separate document under the heading "Referenc-
es," and double-spaced. Reference format should conform to 
that set forth in "Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals. 5th ed." (JAMA 1997;277:927-

34). Titles of journals should be abbreviated according to the 
Index Medicus style. 

Reference style:
Journal articles
List all authors when six or less; when seven or more, list the 
first six and add et al.
Vega KJ, Pina I. Heart transplantation is associated with an in-
creased risk for pancreatobiliary disease. Ann Intern Med 
1996;124:980-3.
Verbalis JG. Renal physiology of nocturia. Neurourol Urodyn 
2014;33(Suppl 1):S6-9. 

Book
Ringsven MK, Bond D. Gerontology and leadership skills for 
nurses. 2nd ed. Albany (NY): Delmar Publishers; 1996. 
Luzikov VN. Mitochondrial biogenesis and breakdown. Galkin 
AV, translator; Roodyn DB, editor. New York: Consultants Bu-
reau; 1985. p. 362

Book chapter
Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 
JH, Brenner BM, editors. Hypertension: pathophysiology, di-
agnosis, and management. 2nd ed. New York: Raven Press; 
1995. p. 465-78. 

Web resources
Polgreen PM, Diekema DJ, Vandeberg J, Wiblin RT, Chen YY, 
David S, et al. Risk factors for groin wound infection after fem-
oral artery catheterization: a case-control study. Infect Control 
Hosp Epidemiol [Internet]. 2006 [cited 2007 Jan 5];27:34-7. 
http://www.journals.uchicago.edu/ICHE/journal/issues/
v27n1/2004069/2004069.web.pdf.

Testa J. The Thomson Reuters journal selection process [In-
ternet]. Philadelphia: Thomson Reuters; 2012 [cited 2013 Sep 
30]. http://wokinfo.com/essays/journal-selection-process. 

5) Tables
Tables should fit within a single page. The Table's legend may 
include any pertinent notes and must include definitions of all 
abbreviations and acronyms that have been used in the Table. 
For footnotes, the following symbols should be used in this se-
quence: a), b), c), d), e), f), g), h), etc. Authors are obligated to 
indicate the significance of their observations by appropriate 
statistical analysis. 
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6) Illustrations
Figures must be cited consecutively using Arabic numerals. Au-
thors must submit illustrations as electronic files. Acceptable fig-
ure file formats are JPEG, TIFF, and PPT/PPTX. Each figure 
needs to be prepared in a resolution higher than 300 dpi with 
good contrast and sharpness. The file size of each submitted fig-
ure should not exceed 10 MB per figure. If the patient's photo-
graph is presented in a paper, it should be manipulated to make it 
difficult to recognize. Patients introduced in the manuscripts 
should be informed and aware that their photographs, video-
tapes, and other images (imaging records) will be released by the 
authors, and the authors should attach the Authorization and 
Release Form available at the JYMS website (https://www.
e-jyms.org/authors/ethics.php) including each patient’s signa-
ture. If the patient is a minor, a written consent of the guardian 
must be submitted.

7) Legends for tables and illustrations
Typed legends that use double-spacing should start on a sepa-
rate page with Arabic numerals corresponding to the Tables or 
Illustrations. When symbols, arrows, numbers, or letters are 
used to identify parts of the Tables or Illustrations, they should 
be individually identified and explained clearly in the legend. 

8) Abbreviations
Authors should limit the use of abbreviations to an absolute 
minimum. Abbreviations are not to be used in titles. Abstracts 
may contain abbreviations for terms mentioned many times in 
the abstract section, but each term must be identified the first 
time it is mentioned. 

9) Unit of measurement
Measurements of length, height, weight, and volume should be 
reported in metric units (meter, kilogram, or liter) or their dec-
imal multiples. Temperature should be in degrees Celsius. Au-
thors must consult the information for authors for the particu-
lar journal and should report laboratory information in both 
the local and International System of Units (SI). 

 
Case report
Case reports should consist of an Abstract, Keywords, Introduction, 
Case, Discussion, and References (no more than 20). Case reports 
should have fewer than nine authors. The abstract should be con-
cisely written (no more than 250 words).

Image vignette
Image vignette should be organized in the following sequence: a 

summary of the presentation, imaging features and discussion. No 
abstract is required for this manuscript. There should be no more 
than five references and no more than two figures. Total length 
should be no longer than 500 words (excluding figure legends, 
ethical statements, conflicts of interest, author contributions, OR-
CID, and references).

Communications
Although communication articles are not limited in the format, 
they should contain a self-standing abstract and references. The 
abstract should be concisely written and not exceed 250 words.

Resident Fellow Section 
RFS is designed to provide clinical cases and images that are infor-
mative for resident or fellow trainees. We encourage article sub-
missions where the primary author(s) are prepared by trainees 
under the supervision of their attending physicians. We require a 
statement to be provided within the cover letter of any article sub-
mitted to this section that confirms the primary author(s) are resi-
dents or fellows. The following categories of articles will be in-
cluded in the RFS:

1) Clinical vignette 
Interesting clinical cases focused on developing clinical reason-
ing skills of resident or fellow trainees.

Cases may focus on either diagnosis or management. Vi-
gnettes should progress logically and be divided into the fol-
lowing sections:
-  Brief history and physical exam. Include pertinent history of 

present illness, medical history, and physical exam findings.
-  Differential diagnosis or potential approaches to manage-

ment. Include discussion regarding reasons for selected differ-
ential or potential management approaches.

-  Diagnostic results including lab results/imaging (if relevant).
-  Diagnosis and discussion of management and outcomes. In-

clude a discussion of the relevant literature related to the vi-
gnette.

Clinical vignette should be maximum of 1,500 words, 1–2 ta-
bles or figures and maximum of 10 references.

 
2) Teaching images 

Previously unpublished Magnetic Resonance Images, Com-
puted Tomography Scans, Ultrasound Images, X-rays, Patient 
Photographs/Videos, or other pictorial/videographic material. 
These pictorials should clearly demonstrate distinct examples 
of either rare, conventionally common, or uniquely pathog-
nomic observations, techniques, or findings intended to fur-
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ther the education of the trainee audience. The title of the arti-
cle should be brief and include the patient’s age and sex, ac-
companied by a succinct 5–10 word description of the patient’s 
presentation. Up to two labeled images or figures should be 
provided with a short description and/or legend. The case de-
scription should be written in 300 words or less and directly 
address the image provided while detailing the clinical signifi-
cance of the presented findings and correlation with the pa-
tient’s symptoms. Intended for trainees, teaching images 
should progress through a patient’s history and physical exam 
while focusing on differential diagnoses, the clinical reasoning 
for selecting the particular diagnostic study, and the appropri-
ate interpretation, subsequent treatment strategies, and 
achieved outcome. Finally, 2–3 bulleted learning points should 
accompany the submission to advance trainee knowledge (will 
not count toward word limit).

Imagery
This is a regular section of JYMS, featured at the beginning of is-
sue and devoted to the artistic and imaginative qualities of the 
readers. JYMS invites your drawings, illustrations, or photographs 
with a brief explanation. Please send electronic images via e-mail 
to: jyms@yu.ac.kr. These contributions will not be returned.

Permission

If any portion of a manuscript has been previously published, 
the original source must be acknowledged, and the written per-
mission from the copyright holder to reproduce the material 
must be submitted. It is the responsibility of the author to re-
quest permission from the publisher for any material that is be-

ing reproduced. This requirement applies to text, illustrations, 
and tables.

Article processing charge

Free of charge. 

Author change

If the addition or deletion of authors or changes in the order of 
authorship is required, the correspondent author must complete 
the authorship change form and submit it to the editorial board 
with the signature of all existing authors and new authors. When 
there is a request for change by the author, the editorial committee 
convenes an ethics committee and judges whether it is appropri-
ate. If a new author should be added or an author should be delet-
ed after the submission, it is the responsibility of the correspond-
ing author to ensure that all of the authors concerned are aware of 
and agree to the change in authorship. The JYMS has no responsi-
bility for such changes.

Enactment December 30, 1984
First revision April 20, 2011
Second revision May 22, 2012
Third revision July 17, 2013
Fourth revision April 22, 2014
Fifth revised December 23, 2014
Sixth revised April 30, 2018
Seventh revised July 7, 2021
Eighth revised December 10, 2021 
Recently revised May 24, 2022
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Research ethics

All of the manuscripts should be prepared based on strict observa-
tion of research and publication ethics guidelines recommended by 
the Council of Science Editors (http://www.councilscienceeditors.
org), International Committee of Medical Journal Editors (ICMJE, 
http://www.icmje.org), World Association of Medical Editors 
(WAME, http://www.wame.org), and the Korean Association of 
Medical Journal Editors (KAMJE, https://www.kamje.or.kr/en/
main_en). All studies involving human subjects or human data 
must be reviewed and approved by a responsible Institutional Re-
view Board (IRB). Please refer to the principles embodied in the 
Declaration of Helsinki (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical-re-
search-involving-human-subjects/) for all investigations involving 
human materials. Animal experiments also should be reviewed by 
an appropriate committee (IACUC) for the care and use of animals. 
Also studies with pathogens requiring a high degree of biosafety 
should pass review of a relevant committee (IBC). The approval 
should be described in the Methods section. For studies of humans 
including case reports, state whether informed consents were ob-
tained from the study participants. The editor of JYMS may request 
submission of copies of informed consents from human subjects in 
clinical studies or IRB approval documents. The JYMS will follow 
the guidelines by the Committee on Publication Ethics (COPE, 
http://publicationethics.org) for settlement of any misconduct.

Conflicts of interest

The corresponding author of an article is asked to inform the Edi-
tor of the authors' potential conflicts of interest possibly influenc-
ing the research or interpretation of data. A potential conflicts of 
interest should be disclosed in the cover letter even when the au-
thors are confident that their judgments have not been influenced 
in preparing the manuscript. Such conflicts may include financial 
support or private connections to pharmaceutical companies, po-
litical pressure from interest groups, or academic problems. Dis-
closure form shall be same with ICMJE Uniform Disclosure Form 
for Potential Conflicts of Interest (http://www.icmje.org/coi_dis-
closure.pdf). The Editor will decide whether the information on 
the conflicts should be included in the published paper. In partic-
ular, all sources of funding for a study should be explicitly stated. 

The JYMS asks referees to let its editor know of any conflicts of 
interest before reviewing a particular manuscript.

Authorship

Authorship credit should be based on (1) substantial contribu-
tions to conception and design, acquisition of data, and/or analy-
sis and interpretation of data; (2) drafting the article or revising it 
critically for important intellectual content; (3) final approval of 
the version to be published; and (4) agreement to be accountable 
for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately in-
vestigated and resolved. Every author should meet all of these four 
conditions. After the initial submission of a manuscript, any 
changes whatsoever in authorship (adding author(s), deleting au-
thor(s), or re-arranging the order of authors) must be explained 
by a letter to the editor from the authors concerned. This letter 
must be signed by all authors of the paper. Copyright assignment 
must also be completed by every author.
•  Corresponding author and first author: JYMS does not allow 

multiple corresponding authors for one article. Only one author 
should correspond with the editorial office and readers for one 
article. JYMS does accept notice of equal contribution for the 
first author when the study was clearly performed by co-first au-
thors.

•  Correction of authorship after publication: JYMS does not cor-
rect authorship after publication unless a mistake has been made 
by the editorial staff. Authorship may be changed before publi-
cation but after submission when an authorship correction is re-
quested by all of the authors involved with the manuscript.

Originality, plagiarism and duplicate publication

Submitted manuscripts must not have been previously published 
or be under consideration for publication elsewhere. No part of 
the accepted manuscript should be duplicated in any other scien-
tific journal without the permission of the Editorial Board. Sub-
mitted manuscripts are screened for possible plagiarism or dupli-
cate publication by Similarity Check using ‘Turnitin’ program (iP-
aradigms, LLC., Oakland, CA, USA) upon arrival. If plagiarism or 
duplicate publication is detected, the manuscripts may be reject-
ed, the authors will be announced in the journal, and their institu-

Enactment May 22, 2012

Research and publication ethics  
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tions will be informed. There will also be penalties for the authors.
A letter of permission is required for any and all material that 

has been published previously. It is the responsibility of the author 
to request permission from the publisher for any material that is 
being reproduced. This requirement applies to text, figures, and 
tables.

Secondary publication

It is possible to republish manuscripts if the manuscripts satisfy the 
condition of secondary publication of the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals by International 
Committee of Medical Journal Editors (ICMJE), available from 
http://www.icmje.org. These are:
• The authors have received approval from the editors of both 

journals (the editor concerned with the secondary publication 
must have access to the primary version).

• The priority for the primary publication is respected by a publi-
cation interval negotiated by editors of both journals and the 
authors.

• The paper for secondary publication is intended for a different 
group of readers; an abbreviated version could be sufficient.

• The secondary version faithfully reflects the data and interpreta-
tions of the primary version. 

• The secondary version informs readers, peers, and documenting 
agencies that the paper has been published in whole or in part 
elsewhere—for example, with a note that might read, "This ar-
ticle is based on a study first reported in the (journal title, with 
full reference)"—and the secondary version cites the primary 
reference.

• The title of the secondary publication should indicate that it is a 
secondary publication (complete or abridged republication or 
translation) of a primary publication. Of note, the United States 
National Library of Medicine (NLM) does not consider trans-
lations as "republications" and does not cite or index them when 
the original article was published in a journal that is indexed in 
MEDLINE.

Registration of the clinical trial research

Clinical trial defined as “any research project that prospectively as-
signs human subjects to intervention and comparison groups to 

study the cause-and-effect relationship between a medical inter-
vention and a health outcome” should be registered to the prima-
ry registry to be prior publication. JYMS accepts the registration 
in any of the primary registries that participate in the WHO Inter-
national Clinical Trials Portal (http://www.who.int/ictrp/en/), 
NIH ClinicalTrials.gov (http://www.clinicaltrials.gov), ISRCTN 
Resister (www.ISRCTN.org), or the Clinical Research Informa-
tion Service (CRIS), Korea CDC (https://cris.nih.go.kr/cris/in-
dex.jsp). The clinical trial registration number shall be published 
at the end of the abstract.

Data sharing statement

JYMS accepts the ICMJE Recommendations for data sharing 
statement policy (http://icmje.org/icmje-recommendations.
pdf). All manuscripts reporting clinical trial results should submit 
a data sharing statement following the ICMJE guidelines from 1 
July 2018. Authors may refer to the editorial, “Data Sharing state-
ments for Clinical Trials: A Requirement of the International 
Committee of Medical Journal Editors,” in JKMS Vol. 32, No. 
7:1051-1053 (http://crossmark.crossref.org/dialog/?doi=10.3346/
jkms.2017.32.7.1051&domain=pdf&date_stamp=2017-06-05).

Process to manage the research and publication 
misconduct

When the Journal faces suspected cases of research and publication 
misconduct such as a redundant (duplicate) publication, plagiarism, 
fabricated data, changes in authorship, undisclosed conflicts of in-
terest, an ethical problem discovered with the submitted manu-
script, a reviewer who has appropriated an author’s idea or data, 
complaints against editors, and other issues, the resolving process 
will follow the flowchart provided by the Committee on Publica-
tion Ethics (http://publicationethics.org/resources/flowcharts). 
The Editorial Board of JYMS will discuss the suspected cases and 
reach a decision. JYMS will not hesitate to publish errata, corrigen-
da, clarifications, retractions, and apologies when needed.

For the policies on research and publication ethics not stated in 
the Instructions, Guidelines on Good Publication (http://publica-
tionethics.org) or Good Publication Practice Guidelines for Medi-
cal Journals (http://kamje.or.kr) can be applied.
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Affiliation:                                                                                                                                                                                                                                                                                         

Author’s name (please print):                                                                                                                                                                                                                                                             

Manuscript title:                                                                                                                                                                                                                                                                              

All authors pledges that we follow the basic standards of research and publication ethics in the submission process to Journal of Yeun-
gnam Medical Science

Check Yes if
Research subject, research object and size, setting of controls, and the methods of data collection are suitable for the 
research ethics.

□ Yes    □No

Check Yes if
Authors should ensure that their submitted manuscripts are not against publication ethics such as fabrication, 
falsification or plagiarism.

□ Yes    □No

Check Yes if
In clinical research involving human, informed consent from patient should be conducted and written in the method 
section of the manuscript.

□ Yes    □No

Check Yes if
All clinical research involving human and animal subjects to be approved by the author’s Institutional Review Board 
(IRB) or equivalent committees.

□ Yes    □No

Check Yes if
This study is conducted in compliance with the Declaration of Helsinki and this comment is written in the method 
section of the manuscript.
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All Authors must disclose all relationships that could be viewed as potential conflicts of interest. This relationship 
also includes any potential conflicts of interest with all material, products, and companies in the manuscript.
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Authors should confirm that the submitted work is not under consideration or accepted for publications elsewhere, 
and would not be submitted in any other journals after acceptance.
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Duplicate publication, which includes ‘imalas publication’, ‘plagiarism’, and ‘salami publication’, is strictly not 
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If the rationale provided by the authors remains unsatisfactory in the judgment of the editors, the manuscript will be rejected or retracted. 
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above mentioned disadvantages in mind.

Date:                                                                                                  

Corresponding author’s name:                                                                                                  

Research and publication ethics form

x



The author(s) submit manuscript with the following title

                                                                                                                                                                                                                                                                                                            

                                                                                                                                                                                                                                                                                                           

In consideration of editors and publisher’s effort in reviewing and editing our/my Article, the undersigned authors hereby transfer, con-
vey, and assign all copyrights in the Article to the Editorial Board of the Journal of Yeungnam Medical Science. The copyright transfer covers 
the right to print, publish, distribute and sell throughout the world the said contribution and parts thereof, including all revisions or ver-
sions and future editions, in all forms and media.

The authors certify that I have participated in the intellectual content, the analysis of data, and the writing of the Article, to take public 
responsibility for it The authors reviewed the final version of the Article, believe it represents valid work and approve it for publication The 
authors certify that none of the material in the manuscript has been published previously, is included in another manuscript The authors 
also certify that the Article has not been accepted for publication elsewhere, nor have they assigned any right or interest in the Article to 
any third party. The authors will obtain and include with the manuscript written permission from any respective copyright owners for the 
use of any text, figures, and tables that have been previously published. The authors agree that it is their responsibility to pay fees charged 
for permissions.

Copyright © Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science

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.

Author’s name

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Signature

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Copyright transfer agreement

xi



I am informed and aware of photographs, videotapes and other images (imaging records) taken by Dr.                                           or 
his designee(s) of myself or any parts of my body regarding surgical procedures carried out by Dr.                                            . I under-
stand and consent that such imaging records may and will be used by Dr.                                            as reference in diagnosing and treat-
ing other patients in the future. I further consent to the release and transfer of copyright ownership by Dr. to Journal of Yeungnam 
Medical Science of such imaging records.

I understand that by consenting on release of my imaging records, these may and will be used in upcoming issue or issues of the 
journal, as well as on the journal website, or any other print or electronic media for the purpose of informing medical professionals 
or other readers about surgical methods. I understand that when these imaging records are included in any articles, medical infor-
mation regarding sex, age, operative date and treatment results may and will be included together. But I, nor any member of my 
family, will be identied by name in any publication, and any information that may aid in identifying me or my family will not be ex-
posed. (In case of facial photographs, the photo is cropped to only necessary parts in order to make individual identication impos-
sible.) I understand that whether I consent on this form or not, it bears no consequences whatsoever on any future actions, and 
that there will be no eect on the medical treatment I receive from Dr.                                           or any subordinates.

I grant this consent as a voluntary contribution in the interest of public education, and certify that I have read the above Con-
sent, Authorization and Release form and fully understand its terms. I understand that, if I do not revoke this authorization, it will 
expire 10 years from the date written below.

20            .                .             .

I hereby transfer in above-mentioned terms, the copyright of my imaging records to

Dr.                                                                                         .

Name:                                                                                                         

Hospital:                                                                                                   

Designated Doctor:                                                                             

Signature:                                                                                   

Department:                                                                             

Signature:                                                                                   

Patient photographic and videographic consent,
authorization and release form

xii


	JYMS_v39n3_cover
	JYMS_v39_n3_내지

