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Introduction 

Osteoarthritis (OA) is a degenerative joint disease characterized 
by loss of cartilage, osteophyte formation, and periarticular bone 
change, resulting in disability [1,2]. In order to establish the dis-
ease-modifying strategies of OA, it is necessary to understand the 
biomolecular features seen in OA circumstance. Increased proin-
flammatory cytokines such as interleukin-1 or tumor necrosis fac-
tor-α, decreased growth factors such as transforming growth fac-
tor-beta (TGF-β), activated matrix metalloproteinase, and ulti-
mate chondrocyte senescence can be observed at the molecular 
level [3-5] (Fig. 1). Although disease-modifying OA strategies 
that block inflammatory pathways and enhance cartilage protec-
tive function have been developed recently [6,7], their effects on 
preventing the progression of OA have been still unsatisfactory, 
and it is particularly difficult to achieve ultimate cartilage regener-
ation [8]. 

Mesenchymal stem cells (MSCs) are emerging as an attractive option for osteoarthritis (OA) of 
the knee joint, due to their marked disease-modifying ability and chondrogenic potential. MSCs 
can be isolated from various organ tissues, such as bone marrow, adipose tissue, synovium, um-
bilical cord blood, and articular cartilage with similar phenotypic characteristics but different 
proliferation and differentiation potentials. They can be differentiated into a variety of connective 
tissues such as bone, adipose tissue, cartilage, intervertebral discs, ligaments, and muscles. Al-
though several studies have reported on the clinical efficacy of MSCs in knee OA, the results lack 
consistency. Furthermore, there is no consensus regarding the proper cell dosage and application 
method to achieve the optimal effect of stem cells. Therefore, the purpose of this study is to re-
view the characteristics of various type of stem cells in knee OA, especially MSCs. Moreover, we 
summarize the clinical issues faced during the application of MSCs. 
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Meanwhile, since articular cartilage has a limited capacity for 
spontaneous healing, once damaged, it may eventually progress to 
OA [9]. Numerous attempts for the regeneration of focal cartilage 
defect have been made. Depending on the degree of defect size, 
various surgical options have been used, including multiple drill-
ing, microfracture, abrasion chondroplasty, autologous chondro-
cyte implantation, and osteochondral autologous transplantation 
[10-13]. However, there has been no optimal regenerative meth-
od for cartilage in knee OA. 

Recently, mesenchymal stem cells (MSCs) have been in the 
spotlight for their disease-modifying and chondrogenic potential 
along with their ease of harvesting, safety, and differentiation po-
tential into cartilage [14,15]. Moreover, MSCs have been known 
to have paracrine and immunomodulatory effects through the se-
cretion of cytokines and growth factors [16-19].  

Therefore, considering the immunomodulatory and regenera-
tive effect, stem cell therapies might be a promising line of treat-
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ment for knee OA. The purpose of this study was to review the 
characteristics of various type of stem cells in knee OA, especially 
based on MSCs. Moreover, we summarized the clinical issues for 
application of MSCs (Fig. 2).

General characteristics of stem cells 

In general, stem cells can be divided into two major groups: (1) 
embryonic stem cells (ESCs) from the inner cell mass of blasto-
cyst, with totipotency or pluripotency; (2) adult stem cells (tis-
sue-specific stem cells) from specific organ, with multipotency 
[20,21]. Although adult stem cells have usually more restricted 
differentiation capacity compared to ESCs, they exhibit some ad-
vantages including safety, easy derivation, and tissue-specific dif-
ferentiation potential [22]. Among them, MSCs appears to be the 
promising candidates. 

MSCs are multipotent progenitor cells that can be obtained 
from bone marrow, adipose tissue, synovial membrane, and artic-
ular cartilage [23]. Several studies report their multidirectional 
differentiation potential [24,25]. Particularly, autologous MSCs 
can be easily harvested and applied in clinical settings, and allo-
genic cells can be utilized [14,19]. Culture expansion may be re-
quired to maximize their clinical effect [14], although that may re-
sult in functional deterioration, mutation, and tumorigenesis as 
passage progresses. Nevertheless, MSCs can be cultivated and 
amplified while maintaining their potential, and differentiated 
into a variety of connective tissues such as bone, adipose tissue, 

Knee joint OA

Chondrocytes

Inflammatory reaction: 
TNF-α, IL-1, IL-6 ↑↑

Activation of proteinase: 
Matrix metalloproteinase, aggrecanase ↑↑

Chondrocyte apoptosis/cartilage breakdown: 
Proteoglycan ↓↓

Fig. 1. Molecular mechanisms of osteoarthritis (OA). TNF, tumor 
necrosis factor; IL, interleukin.

BMAC BM-MSCs AD-MSCs S-MSCs hUCB-MSCs

Injective treatment

Source?
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Clinical application?
Complication?
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Concentrated Culture-expanded

MSCs

Fig. 2. Considerations for clinical application of MSCs. BMAC, bone marrow aspirate concentrate; MSC, mesenchymal stem cell; BM, 
bone marrow-derived; AD, adipose tissue-derived; S, synovium-derived; hUCB, human umbilical cord blood-derived.
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cartilage, intervertebral discs, ligaments, and muscles [26,27]. 
Owing to their inherent ability for self-renewal, proliferation, and 
differentiation toward mature tissues, MSCs could have promis-
ing applications in cell therapy and regenerative medicine [28]. 
The Mesenchymal and Tissue Stem Cell Committee of the Inter-
national Society for Cellular Therapy proposed the definition of 
MSC via the following minimal set of criteria: (1) being plas-
tic-adherent in standard culture conditions; (2) expressing 
CD105, CD73, and CD90 at their surface; while (3) lacking 
CD45, CD34, CD14, CD79α, and HLA-DR; and (4) being able 
to differentiate into osteoblasts, adipocytes, and chondrocytes in 
vitro [27]. 

Bone marrow-derived mesenchymal stem 
cells 

Bone marrow-derived mesenchymal stem cells (BM-MSCs) have 
been widely studied for OA treatment because of several advan-
tages, including high expansion ability, and differentiation poten-
tial into cartilage [29-31]. Furthermore, due to easy harvesting 
from autologous bone marrow, they are cost-effective as com-
pared to other types of MSCs. Several studies have reported favor-
able clinical outcomes in patients with knee OA who underwent 
intra-articular injection or surgical implantation using autologous 
BM-MSCs (Table 1) [31-35]. However, donor site pain, limited 
number of obtainable cells (0.001% of all nucleated cells in bone 
marrow), and decreased differentiation potential with increase in 
donor age are a few limitations while using BM-MSCs [31,36]. 

Bone marrow aspiration from anterior or posterior iliac crest can 
be performed with local anesthesia under ultrasonographic or flu-
oroscopic guidance to improve accuracy and efficiency [37]. 

Meanwhile, bone marrow aspirate concentrate (BMAC), which 
contains abundant nucleated cells and cytokines has been widely 
applied to the treatment of knee OA. It contains several factors in-
volved in the healing process such as platelet-derived growth fac-
tor, TGF-β, vascular endothelial growth factor, and fibroblast 
growth factor [17,38]. BMAC can be easily extracted by via FDA 
approved commercialized kits and this process condenses the 
buffy coat containing mononuclear cells and increases the num-
ber of MSCs relative to baseline [39]. Recently, it is widely used in 
various orthopedic fields such as nonunion, osteonecrosis and 
sports injuries. 

Centeno et al. [40] reported encouraging clinical outcomes 
with a low rate of adverse effects in autologous BMAC for in-
tra-articular injection with or without adipose grafts in patients 
with knee OA. Additionally, significantly better results were ob-
served in patients with Kellgren-Lawrence (K-L) grades I or II 
than in patients with K-L grades III or IV. Other studies have also 
reported positive clinical outcomes with simple iintra-articular in-
jections of BMAC [41,42]. Contrastingly, in a recently conducted 
prospective randomized controlled trial, Shapiro et al. [42] did 
not report encouraging outcomes of BMAC as compared to the 
control group. BMAC studies in OA patients have not yet shown 
consistent results. Further researches comprising well-designed, 
randomized, controlled trials with larger sample sizes are needed 
to elucidate the exact mechanism of BMAC. 

Table 1. Details of the clinical studies of BM-MSCs in knee OA

Study Study design 
(no. of cases)

Mean age  
(yr)

Mean F/U
(mo) Delivery method Cell population 

(cells/mL)
Additional  

factor Outcome Complication

Wakitani et al. 
(2011) [33]

Case series (45) 50 75 Two-stage surgical im-
plantation

5.0×106 Collagen sheet 
from porcine 
tendon

No serious complica-
tions such as tumor or 
infection

-

Davatchi et al. 
(2011) [34]

Case series (4) 57.8 12 Intra-articular injection 8.0‒9.0×106 - Pain, walking time, and 
the number of stairs to 
climb were improved

-

Wong et al. 
(2013) [32]

Prospective RCT
(28 MSCs+HA 

vs. 28 HA)

51 24 Intra-articular injection 1.46±0.29×107 Microfx-
+MOWHTO

Better clinical outcomes 
and MRI in MSCs 
group

-

Orozco et al. 
(2013) [31]

Case series (12) 49 12 Intra-articular injection 4.0×107 - Improvement in pain 
relief and WOMAC; 
improvement of carti-
lage quality on MRI

-

Davatchi et al. 
(2016) [35]

Case series (3) 57.8 60 Intra-articular injection 8.0‒9.0×106 - Previous parameters 
gradually deteriorated, 
but better than base-
line

-

BM-MSCs, bone marrow-derived mesenchymal stem cells; OA, osteoarthritis; F/U, follow-up; RCT, randomized controlled trial; HA, hyaluronic acid; 
Microfx, microfracture; MOWHTO, medial open-wedge high tibial osteotomy; MRI, magnetic resonance image; WOMAC, the Western Ontario and 
McMaster Universities Osteoarthritis Index.
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Adipose tissue-derived mesenchymal stem 
cells 

Adipose tissue, along with bone marrow, has been the most fre-
quently used source for isolating MSCs [43]. Adipose tissue is 
abundant and easily accessible, making it a reliable site for stem 
cell isolation. It has copious numbers of MSCs (approximately 
0.5 × 104–2.0 × 105/1 g fat) compared to BM-MSCs and their dif-
ferential capacity is relatively less affected by donor age. 

The specific premade solution is usually infiltrated into the sub-
cutaneous tissue of the abdominal region through a tumescent 
technique, and then, a conventional abdominal liposuction is per-
formed using blunt cannulas [44]. Enzymatic digestion of fat tis-
sue is the most used isolation technique to obtain adipose tis-
sue-derived mesenchymal stem cells (AD-MSCs) [45]. The ex-
tracted fat tissue is digested with enzyme (collagenase, dispase, or 
trypsin) to generate the stromal vascular fraction (SVF) that con-
tains AD-MSCs and other endothelial and hematopoietic cells 
[46,47]. Among them, only the plastic-adherent, cultured and se-
rially passaged multipotent cell populations are termed as AD-
MSCs [48]. Meanwhile, non-enzymatic digestion, including me-
chanical procedures such as centrifugation and filtration is some-
times used. However, the range of yields shows high variation 
[49]. 

Several studies have reported encouraging clinical results for in-
tra-articular injection of AD-MSCs in knee OA patients (Table 2) 
[14,50-53]. Lee et al. [50] reported that intra-articular injection 
of culture expanded AD-MSCs (1 × 108 cells) showed satisfactory 
functional improvement and pain relief in patients with knee OA 
through a prospective randomized controlled trial. Nonetheless, 
AD-MSCs have some disadvantages such as relatively lower chon-
drogenic potential and donor site morbidity [54]. 

SVF also can be obtained via enzymatic digestion and differen-
tial centrifugation of adipose tissue. SVF consists of a heteroge-
neous mesenchymal population of cells that includes not only ad-
ipose stromal and hematopoietic stem cells but also endothelial 
cells, erythrocytes, fibroblasts, lymphocytes, monocyte/mac-
ro-phages and pericytes (Table 3) [45,55]. Despite a highly heter-
ogenous composition and low stem cell proportion, some studies 
have reported favorable clinical outcomes of SVF in knee OA due 
to their potential and ease of use [56,57]. 

Synovium-derived mesenchymal stem 
cells 

Synovium-derived mesenchymal stem cells (S-MSCs) have at-
tracted considerable attention due to their high chondrogenic po- Ta
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tential and less hypertrophic differentiation than BM-MSCs 
[58,59]. Embryologically, S-MSC-derived chondrocytes and ar-
ticular chondrocytes share similar gene expression profile [60]. 
They may prove to be the optimal cell source of MSCs as native 
nature to the joints. Kubosch et al. [58] reported that S-MSCs 
play an important role in joint homeostasis and possibly in natural 
cartilage repair. However, most of their evidence was limited to 
preclinical studies [61]. Only one retrospective study has report-
ed the results of S-MSCs in human OA of the knee joint [62]. 
They reported clinical improvement and secure defect filling con-
firmed using second-look arthroscopy and magnetic resonance 
image, 48 months postoperatively. Further researches are needed 
to elucidate the interaction of S-MSCs and chondrocytes, and the 
promising role of S-MSCs in cartilage tissue engineering. 

Human umbilical cord blood-derived 
mesenchymal stem cells 

Umbilical cord compartments including Wharton’s jelly, perivas-
cular tissue, and umbilical cord blood (UCB) can be utilized to 
isolate MSCs [43,63]. Umbilical cord-derived MSCs can be ob-
tained through pain-free collection methods with fewer ethical is-
sues. An experimental comparative study [64] confirmed that 
UCB-MSCs have biological advantages in comparison to bone 
marrow or adipose tissue, including higher rate of proliferation 
and clonality, retardation of senescence, and superior anti-inflam-
matory effect. 

Recently, clinical outcomes of human UCB-MSCs (hUCB-
MSCs) for cartilage regeneration have been reported [65-67], and 
their medicinal product mixed with hyaluronic acid (Cartistem; 
Medipost, Seongnam, Korea) has been widely applied in clinical 
settings. hUCB-MSCs are also isolated in a non-invasive manner 
and have the advantage of being hypoimmunogenic. Moreover, 
they show a hyaline-like histological morphology [67]. Park et al. 
[65] reported that an hUCB-MSC-based product appeared safe 
and effective for the regeneration of hyaline-like cartilage in OA of 

the knee after 7 years of follow-up. In our institution, commercial-
ized hUCB-MSCs were performed on OA of the knee to obtain fa-
vorable clinical outcomes and highly qualified regeneration (Fig. 3). 

Clinical issues for application of 
mesenchymal stem cells 

There is no consensus on the optimal dose or cell number to 
achieve the utmost effect of stem cells. The optimal dose of MSC 
implantation for cartilage regeneration has not yet been estab-
lished. In a dose-dependent prospective study, Jo et al. [14] re-
ported that significant clinical improvement was shown only in 
the high dose group (1 × 108 cells). Based on this result, culture 
expansion may be needed to obtain the optimal effect of MSCs. 

Treatment strategies for clinical application may also be one of 
the issues faced by clinicians. Injective treatment is relatively effi-
cient because it is easy to apply and does not require hospitaliza-
tion, but precise delivery to target site may be difficult [54]. Con-
versely, surgical implantation allows direct delivery to the lesion 
site, but requires hospitalization and is a more invasive approach. 
Another option is to mix MSCs with biodegradable scaffolds fol-
lowed by surgical implantation. The three-dimensional scaffold 
maintains the phenotype of differentiated chondrocytes, pro-
motes improved chondrogenesis through uniform cell distribu-
tion, and reduces the risk of chondrocyte leakage [68]. Scaffold 
materials include hyaluronic acid, collagen derivatives, agarose, fi-
brin glue, and chitosan [69]. However, chondrocyte dedifferenti-
ation, apoptotic cell leakage, inadequate cell distribution, and low 
differentiation have been reported in scaffold-based studies [70]. 

Potential risks of MSCs in clinical use, such as tumorigenesis, 
immune response, and heterotrophic calcification are also consid-
erable issues [71]. Therefore, it should be recognized that such 
risk of MSC-mediated abnormal reactions might occur in some 
cases, and mandating a careful assessment of the patient's condi-
tion. Further research is also needed to guarantee the safety of 
MSCs. Each type of MSCs is summarized in Table 4. 

Other advanced techniques 

1. Induced pluripotent stem cell 
Induced pluripotent stem cells (iPSCs) are also becoming a prom-
ising cell source for stem cell-based therapy [72]. They are a kind 
of stem cells established in the laboratory that can be repro-
grammed into somatic cells. Although therapeutic models of neu-
rological and cardiovascular diseases using iPSCs have been re-
ported [73,74], the research using iPSCs in orthopedic fields is 
still in its nascent stages, particularly for cartilage regeneration. iP-

Table 3. Cell population in stromal vascular fraction

Variable Percentage (%)
Stromal cell 15‒30
Hematopoietic-lineage cell
 Stem and progenitor cell <0.1
 Granulocyte 10‒15
 Monocyte 5‒15
 Lymphocyte 10‒15
Endothelial cell 10‒20
Pericyte 3‒5
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Fig. 3. (A, B) Kellgren-Lawrence grade III osteoarthritis is observed in the left knee anteroposterior and 45° flexion standing radiographs 
in a 49-year-old woman. (C) The scanography image shows neutral alignment of the both lower extremities. (D, E) Coronal T2-
weighted fat suppressed magnetic resonance image (MRI) and arthroscopy show the focal chondral defects of International Cartilage 
Repair Society (ICRS) grade IV in the lateral femoral condyle and lateral tibial plateau. (F) Surgical implantation is performed using a 
commercialized mixture of human umbilical cord blood-derived mesenchymal stem cells and hyaluronic acid gel (Cartistem). (G, H) The 
coronal T2-weighted fat suppressed MRI and second-look arthroscopy confirm regenerated cartilage at 18 months after surgery.

Table 4. Summary of advantages and disadvantages of each MSC

BM-MSC AD-MSC S-MSC hUCB-MSC
Advantage High chondrogenic and osteo-

genic potential
Good expansion ability

Easily accessible, reliable for isolation
Plentiful number of cells
Less affected by donor age

Greater chondrogenic potential 
(same embryological origin as 
cartilage)

Direct delivery on defect
Hypoimmunogenic
Histology: hyaline-like cartilage

Disadvantage Donor site pain
Limited number of cells
More affected by donor age

Relatively lower chondrogenic po-
tential

Donor site morbidity (hematoma, in-
fection)

Less osteogenic potential
Not easy to obtain
Evidence still limited to preclini-

cal studies

Surgical implantation
High cost
Not easy to obtain

MSC, mesenchymal stem cell; BM, bone marrow-derived; AD, adipose-derived; S, synovium-derived; hUCB, human umbilical cord blood-derived.
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SCs exhibit similar proliferation capacity and pluripotency as oth-
er tissue-derived stem cells, with no immune rejection and ethical 
issues [72]. Recently, new methods for producing iPSCs without 
viral vectors to reduce the risk of tumorigenicity have been devel-
oped [75]. 

Nonetheless, to date, limited data exists regarding the in vitro 
chondrogenic differentiation of iPSCs and the yield of iPSCs is 
relatively low.  

2. Genetically modified MSCs (engineered MSCs)  
The efficacy of MSCs in vivo may still be low due to poor survival, 
retention, and engraftment of the cells. Most MSCs often die 
within the first few hours after in vivo delivery [76]. Therefore, 
MSCs need to be genetically modified to improve survival, migra-
tion, and secretion of growth factors for their application in regen-
erative medicine [76]. Genetic modification of MSCs is usually 
achieved through viral vectors [76]. The most commonly used 
vectors include retrovirus, lentivirus, baculovirus, and adenovirus 
[22]. Viral transduction has improved homing of MSCs to the de-
fect or inflammation site through the overexpression of homing 
receptors. MSCs have been transduced with adenovirus express-
ing C-X-C chemokine receptor 4 (CXCR-4) and runt-related 
transcription factor-2 (Runx-2), and with retrovirus expressing re-
ceptor activator of nuclear factor-kB and CXCR-4 [77,78]. Al-
though the efficacy of genetically modified MSCs has been 
demonstrated in preclinical studies, it has not been investigated in 
clinical trials. 

Conclusion 

MSCs are the hottest topic in recent stem cell research. The appli-
cation of stem cells in cartilage regeneration has been tried a lot, 
but so far, the effect of cartilage regeneration is not consistent 
from one study to another. Moreover, the most appropriate cell 
source is still controversial. Further research is needed to deter-
mine which tissue-derived stem cells, which usage and dose will 
be ideal for the treatment of osteoarthritis. In this review, we brief-
ly reviewed the most up-to-date knowledge, including the charac-
teristics, types, and clinical issues of MSCs. It is expected that in 
future, treatment with MSCs will be applied more clinically in the 
treatment of knee OA. 
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Introduction 

The prevalence of magnetic resonance imaging (MRI) for diag-
nosing and monitoring a wide range of disease in children contin-
ues to expand with the efficacy benefit of providing high-resolu-
tion images of tissue anatomy and quantitative function and the 
safety advantage of a lack of ionizing radiation [1,2]. Aspects of 
MRI scans such as loud noises, confined bore of the magnet, and 
the required immobility to prevent motion artifacts are the causes 
of anxiety and barriers to successful performance of the procedure 
in children younger than 6 years and those at any age with devel-
opment delay, claustrophobia, or involuntary movements or con-

The demand for drug-induced sedation for magnetic resonance imaging (MRI) scans have sub-
stantially increased in response to increases in MRI utilization and growing interest in anxiety in 
children. Understanding the pharmacologic options for deep sedation and general anesthesia in 
an MRI environment is essential to achieve immobility for the successful completion of the pro-
cedure and ensure rapid and safe discharge of children undergoing ambulatory MRI. For painless 
diagnostic MRI, a single sedative/anesthetic agent without analgesia is safer than a combination 
of multiple sedatives. The traditional drugs, such as chloral hydrate, pentobarbital, midazolam, 
and ketamine, are still used due to the ease of administration despite low sedation success rate, 
prolonged recovery, and significant adverse events. Currently, dexmedetomidine, with respiratory 
drive preservation, and propofol, with high effectiveness and rapid recovery, are preferred for 
children undergoing ambulatory MRI. General anesthesia using propofol or sevoflurane can also 
provide predictable rapid time to readiness and scan times in infants or children with comorbidi-
ties. The selection of appropriate drugs as well as sufficient monitoring equipment are vital for 
effective and safe sedation and anesthesia for ambulatory pediatric MRI. 
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vulsions. Given the increase in MRI utilization and growing inter-
ests in the pain and anxiety of children, the demand for drug-in-
duced sedation during MRI scans have substantially increased over 
the past decade. Generally, pediatric MRI scans require deep seda-
tion or general anesthesia to achieve absolute immobility (some-
times with breath-holding) for up to 1 hour (Table 1) [3-5]. 

The greater the level of sedation, the greater the risk for compli-
cations. In addition, it is common that the child easily progresses 
to a deeper level of sedation without easily recognizable signs. For 
these reasons, patients who require more than conscious sedation 
in an MRI suite must be provided with the same level of safety 
and monitoring (pulse oximetry, capnography, electrocardiogram, 

159https://doi.org/10.12701/yujm.2020.00171

Copyright © 2020 Yeungnam University College of Medicine
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.



heart rate, and blood pressure at least 5 minutes interval by an in-
dependent observer) as in the operating room [6]. However, pe-
diatric sedation in an MRI environment presents unique challeng-
es that are not existent in the operating room. Powerful static and 
dynamic magnetic fields with radiofrequency pulses restrict the 
use of standard ferromagnetic anesthesia machines and monitor-
ing equipment and limits access to the patients throughout the 
scanning process. Emergently halting MRI for patient safety takes 
several minutes to be effective and is expensive. In addition, ad-
verse events including incoordination of movements, dizziness, 
and agitation occurs in 64.4% patients, and a return to baseline 
takes more than 9 hours after discharge in children undergoing 
MRI [4]. Thus, sedation providers should have an in-depth 
knowledge of drugs including a clear understanding of the sedat-
ing medication’s pharmacokinetics and pharmacodynamics, drug 
interactions, and potential complications, as well as the presence 
of appropriate monitoring equipment and personnel with the 
skills needed to rescue a patient from adverse events for safe and 
efficient sedation for pediatric MRI. 

This article reviews currently used sedative/anesthetic agents 
for deep sedation or general anesthesia for ambulatory pediatric 
MRI. The benefits and risks of deep sedation and general anes-
thesia are also included. In this article, the most commonly used 

drugs in Korea will be highlighted. 

Consideration in sedative/anesthetic 
regimen determination 

Selecting sedation or general anesthesia for MRI should be made 
on an individual patient basis, considering the benefits and risks. 
The goals of sedation or anesthesia for ambulatory pediatric MRI 
are as follows: (1) to guard the patient’s safety and welfare; (2) to 
minimize physical discomfort and pain; (3) to control anxiety, 
minimize psychological trauma, and maximize the potential for 
amnesia; (4) to control movement to allow the safe and efficient 
completion of the procedure; and (5) to provide early, safe dis-
charge from the hospital [6]. The ideal drug regimen to achieve 

these goals should have the following desirable characteristics: (1) 
rapid onset of action; (2) predictable duration; (3) easy titratabil-
ity within the desired range of the sedation continuum; (4) rapid 
and consistent cessation of effects; (5) multiple delivery options; 
(6) a wide therapeutic window; (7) minimal cardiorespiratory 
depression; (8) minimal drug interaction; and (9) be minimally 
affected by renal or hepatic disease [7]. Generally, decisions re-
garding the drugs to be used for sedation depends on the patient- 
related (neurodevelopmental status, underlying health condition, 
and previous sedation/anesthesia history) and procedure-related 
factors (degree of cooperation/immobility required, invasiveness, 
and duration). A single sedative/hypnotic without an analgesic is 
preferred for obtaining immobility for nonpainful MRI proce-
dures [3]. A combination of two or more sedating medications 
may have the potential for adverse outcomes [8,9]. 

Drugs for deep sedation or general 
anesthesia for pediatric magnetic 
resonance imaging 

1. Sedative/hypnotic agents 

1) Chloral hydrate 
Choral hydrate is a sedative hypnotic agent with no analgesic 
properties. It is believed that its sedative mechanism is mediated 
by the γ-aminobutyric acid type A (GABAA) receptor in the cen-
tral nervous system. Chloral hydrate is well absorbed from the 
gastrointestinal tract via an oral or rectal route and rapidly metab-
olized into an active metabolite, trichloroethanol, which is respon-
sible for its sedative and hypnotic effects. The onset of action is 
30–60 minutes and the duration of action is 60–120 minutes. 
However, individual responses may be highly variable and seda-
tive effects may last up to 24 hours. The half-life is age dependent 
and varies from 4 to 12 hours and may extend to 37 hours and 28 
hours in preterm and term infants, respectively [10]. Thus, chloral 
hydrate has the potential for resedation after initial recovery from 
sedation and may produce residual effects up to 24 hours after ad-

Table 1. Levels of sedation defined by American Society of Anesthesiologists

Factor Minimal sedation Moderate sedation Deep sedation General anesthesia
Responsiveness Normal response to verbal 

stimulation
Purposeful response to verbal 

or tactile stimulation
Purposeful response following 

repeated or painful stimulation
Unarousable even with painful 

stimulation
Airway Unaffected No intervention required Intervention may be required Intervention often required
Spontaneous ventilation Unaffected Adequate May be inadequate Frequently inadequate
Cardiovascular function Unaffected Usually maintained Usually maintained May be impaired

Reprinted from “Continuum of depth of sedation: definition of general anesthesia and levels of sedation/analgesia” developed by the American Society 
of Anesthesiologists [5]. 
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ministration.  
Although it has little effect on the cardiovascular and respirato-

ry systems, adverse events including nausea and vomiting, gastri-
tis, diarrhea, prolonged sedation, paradoxical excitement, agita-
tion, and minor respiratory depression should be considered. 
Children receiving chloral hydrate should be properly monitored 
and managed by appropriately trained personnel due to the risk of 
respiratory depression and desaturation especially in infants 
younger than 6 months [9,11]. It should be avoided in children 
with moderate to severe renal failure, severe hepatic dysfunction, 
hypersensitivity to chloral hydrate, gastritis, esophagitis, peptic ul-
cer, adenoid hypertrophy, and porphyria [12]. 

The recommended dose of chloral hydrate is 50–100 mg/kg 
(up to a maximum of 2 g) [13]. The success rate of chloral hy-
drate sedation for pediatric MRI varies from 78%–100% [14-19] 
and is affected by the total dose administered, age, fasting status, 
and neurodevelopmental disability [14,15,18,19]. When 100 
mg/kg of chloral hydrate is administered, the sedation success rate 
was 96% in children under 48 months but decreased to 86% in 
those older than 48 months [20]. The United Kingdom (UK) 
National Institute for Clinical Excellence (NICE) also recom-
mends the use of oral chloral hydrate with a wide margin of safety 
in children under 15 kg. In contrast, chloral hydrate can be used as 
a first-line sedative agent for MRI in newborns and infants with 
the lowest risk of cardiorespiratory adverse events compared to 
phenobarbital and propofol [17,21]. Although there are no clear 
guidelines for pre-procedural fasting for chloral hydrate, fasted 
children require a greater dose of chloral hydrate, which is related 
to a longer onset and duration of action. Thus, children may be 
encouraged to take at least clear fluids 2 hours before the proce-
dure for successful sedation without breaking institutional fasting 
protocols for chloral hydrate sedation [22]. Choral hydrate should 
not be used in children with neurodevelopmental disorders due 
to the increased incidence of adverse effects and decreased effica-
cy as compared with neurologically intact children [18]. In con-
trast, it may be used safely and effectively in properly monitored 
children who have congenital heart disease, including those with 
cyanotic heart disease, for painless diagnostic procedures [23]. 

Currently, both the United States Food and Drug Administra-
tion (FDA) and European Medicines Agency (EMA) have with-
drawn the approval of chloral hydrate partly due to the potential 
risk of carcinogenicity. In conclusion, chloral hydrate seems to 
provide safe and effective sedation for children under 48 months 
old undergoing MRI. However, its use is progressively decreasing 
based on the high failure rate for MRI sedation, prolonged recov-
ery time, and introduction of more effective sedative agents in 
many countries [24]. 

2) Pentobarbital 
Pentobarbital is a medium duration barbiturate that provides po-
tent sedation with no analgesic property. It can be administered 
via an oral or intravenous (IV) route. Following IV administra-
tion, the onset of action is 2–3 minutes, with peak effects after 
10–15 minutes and a duration of action of 45–60 minutes due to 
rapid redistribution [25]. Following oral administration using an 
IV formulation of pentobarbital, sedation begins at 20–30 min-
utes and lasts 60–90 minutes [16,26,27]. The oral dose of 4–8 
mg/kg and IV dose of 2–3 mg/kg (to a maximum 5–8 mg/kg) 
are required to achieve deep sedation. The sedation success rates 
of pentobarbital for MRI in children are 87.8%–99.5% for IV ad-
ministration [16,17,26-28] and 67%–99.7% for oral administra-
tion [26,29-31] with a trend towards increasing failure rates with 
increasing age and weight. Retrospective comparison analysis 
found that oral pentobarbital has comparable sedation success 
rate (99.5% vs. 99.7%) and time to discharge and a lower rate of 
desaturation (0.2% vs. 0.9%) compared with IV pentobarbital in 
2,164 infants undergoing CT or MRI [26]. Both oral and IV pen-
tobarbital are as effective as oral chloral hydrate for providing se-
dation for pediatric MRI [16,29]. However, when compared to 
oral chloral hydrate, oral pentobarbital has the advantage of fewer 
respiratory events in infants, whereas IV pentobarbital has the dis-
advantage of a higher incidence of more paradoxical reaction and 
major motion artifacts and prolonged recovery despite the advan-
tage of earlier onset in children. Children with neurodevelopmen-
tal disability have similar dose requirements for pentobarbital but 
more respiratory adverse events and hypoxemia during MRI 
scans [27,32,33].  

Pentobarbital is associated with adverse reactions such as oxy-
gen desaturation, nausea and vomiting, paradoxical hyperreactivi-
ty, respiratory depression, agitation, and prolonged sedation 
[16,17,26-29,31]. Airway obstruction is more likely to occur in 
infants. Oral pentobarbital results in a longer duration of action 
and less respiratory adverse events than IV administration [26]. 
Pentobarbital, like other barbiturates, is contraindicated in pa-
tients with porphyria. 

3) Midazolam 
Midazolam is a short-acting, water soluble benzodiazepine that 
has anxiolytic, sedative, amanestiec, and muscle relaxant proper-
ties. Its sedation mechanism is GABA-mediated enhancing chlo-
ride conductance in the central nervous system. Although midaz-
olam can be given for sedation via mutiple routes, IV administra-
tion is preferred, if vascular access is present. The onset of action 
is typically 3–5 minutes and lasts 30–45 minutes with IV admini-
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station at 0.1 mg/kg with successive 0.05 mg/kg every 5 minutes 
(maximum 4 mg). 

Although NICE recommends the consideration of midazolam 
as one of the first-line sedative drug for painless imaging proce-
dures owing to a wide margin of safety [13], it is currently used as 
an adjuct sedative with either dexmedetomidine or ketamine 
rather than single primary agent for pediatric MRI [18,34-37] be-
cause of the high sedation failure rates, short duration of action, as 
well as frequent significant respiratory depression at deeply sedat-
ing doses [38,39]. However, coadministration of midazolam and 
other sedative agents, especially opioids, in children is not accept-
able because of siginficant increases in cardiorespiratory depres-
sion and difficulty in predicting sedation effects [9]. Paradoxical 
excitement or delirium have been reported, usually following an 
IV dose, and may be managed with low-dose flumazenil. 

Flumazenil is a benzodiazepine antagonist used to reverse seda-
tion and/or respiratory depression caused by midazolam. Dosing 
starts at 0.01–0.02 mg/kg and can be repeated until adequate re-
versal of midazolam is noted (maximum 1 mg) [40]. As flumaze-
nil is highly lipohlic, its onet of action is rapid (1–2 minutes) but 
duration of action is relatively short (30–45 minutes), so monitor-
ing for resedation is necessary [41]. 

4) Ketamine 
Ketamine is a phencyclidine analog and N-methyl-D-aspartate 
(NMDA) receptor antagonist that induces sedation, dissociative 
amnesia, and analgesia. Ketamine is used as a sedative for MRI 
because its analgesic component is not necessary for MRI. Ad-
ministration routes are IV (0.05–2 mg/kg), intramuscular (IM; 
4–5 mg), oral (5–6 mg/kg), and intranasal (5–10 mg/kg). IV use 
is preferable if IV access is available. The onset of action is rapid 
(1–2 minutes), the duration is brief (10–15 minutes) and the re-
covery is short (30–60 minutes) [42]. Ketamine is attractive for 
pediatric sedation because of its relatively short duration of action, 
multiple routes of administration, preservation of airway reflexes, 
and sympathomimetic properties including increase heart rates 
and blood pressure. Although sedation can be achieved with min-
imal respiratory depression, ketamine has various and lengthy ad-
verse effect profiles including hallucination, emergence delirium, 
agitation, nausea and vomiting, hypersalivation, and laryngo-
spasm, which may be distressing to both the child and parent. Of-
ten there are random movements of the extremities rendering this 
drug less than ideal for procedures where the patient must lie per-
fectly still during MRI scans. Thus, ketamine is used with a com-
bination of other sedative agents to counterbalance the side effects 
and enhance the beneficial effects for each drug rather than as a 
sole sedative agent for MRI. Ketamine can counterbalance the 

cardiorespiratory depression effect of propofol and prolonged re-
covery of dexmedetomidine by reducing the dose requirements 
of each drug for MRI sedation in children [43-45]. 

5) Dexmedetomidine 
Dexmedetomidine is a selective central α2 receptor agonist that 
has sedative, analgesic, anti-shivering sympatholytic, and anxiolyt-
ic properties. Its sedative mechanism results from a decrease in 
norepinephrine release from presynaptic neurons with the initia-
tion of postsynaptic activation, attenuating central nervous system 
excitation. The most unique characteristic of dexmedetomidine is 
the preservation of respiratory drive with a low incidence of ap-
nea, respiratory depression, or airway obstruction, which is highly 
advantageous in children who are prone to respiratory depression, 
such as those with neurodevelopmental disabilities or obstructive 
sleep apnea, while receiving sedation/analgesia [46-48]. 

Patients exhibit biphasic cardiovascular responses after IV ad-
ministration of dexmedetomidine [49,50]: initial transient hyper-
tension along with a baroreceptor-mediated decrease in heart rate 
by α2B-adrenoreceptor vasoconstriction followed by hypotension 
and bradycardia (10%–30% from baseline) by α2A-adrenorecep-
tor-mediated inhibition of central sympathetic outflow. The hy-
pertensive effect and associated bradycardia can be reduced by in-
fusion of loading dose over a 10 minutes period. Prehydration of 
10 mL/kg of normal saline solution is effective in decreasing the 
incidence of dexmedetomidine-related hypotension [51]. How-
ever, prophylaxis with glycopyrrolate for bradycardia is not rou-
tinely recommended because of transient severe hypertension 
[52]. Children are usually able to maintain systemic blood pres-
sure with minimal impact on cardiac output and ultimately end 
organ perfusion. 

Dexmedetomidine may be administered by oral, buccal, nasal, 
rectal, subcutaneous, IM, and IV routes. Dosing and bioavailabili-
ty vary depending on the route of administration. When adminis-
tered through IV, the average onset of sedation is 8.6 minutes with 
a recovery time of 41.4 minutes [53]. The rapid phase redistribu-
tion half-life is approximately 7 minutes, and the terminal elimina-
tion half-life is approximately 2 hours [54]. The success rate of se-
dation for pediatric MRI ranges from 83.3% with a 1 μg/kg bolus 
followed by 0.5 μg/kg/hr infusion to 98% with a 3 μg/kg bolus 
followed by 2 μg/kg/hr infusion [47,53]. Buccal (a mean of 
2.20 ± 0.38 μg/kg) and intranasal (3 μg/kg) administration of 
dexmedetomidine may be useful in children with difficult IV can-
nulation, but their success rates of sedation for MRI are lower 
than IV administration and more sedative supplementation is re-
quired than IV administration [34,35,55,56]. Generally, a lack of 
respiratory depression combined with a relatively short half-life 
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makes dexmedetomidine a useful single sedative agent for an am-
bulatory pediatric MRI setting. However, in spite of a similar suc-
cess rate, it has slower onset and longer recovery compared to 
propofol in children undergoing MRI [54,57,58]. 

With the evolution of more complex MRI studies, dexmedeto-
midine is preferred to propofol for magnetoencephalography 
scans, which are employed for presurgical planning with intracta-
ble epilepsy due to the preservation of epileptiform activity [59]. 
The MRI sleep study is a relatively new imaging technique for the 
evaluation of obstructive sleep apnea. Minimal respiratory depres-
sion of dexmedetomidine decreased the use of artificial and man-
ual airway supports such as the chin lift and shoulder roll, which 
can artificially alter the MRI results [60]. 

2. Anesthetic agents 

1) Propofol 
Propofol (2,6-diisopropylphenyl) is a potent IV anesthetic agent 
that has hypnotic but no analgesic properties via the potentiation 
of GABAA receptors and inhibition of NMDA receptors. Unlike 
with other sedative agents, propofol use is limited to the IV route. 
Propofol has a fast onset of action (10–50 seconds) and short dis-
tribution half-life (approximately 9 minutes in the pediatric popu-
lation) [60]. Deep sedation is typically induced with a bolus dose 
of 1–3 mg/kg and 0.5–1 mg/kg supplementation every 1–2 min-
utes [61]. Higher dosing is often required for younger pediatric 
patients because of their higher volume of distribution, shorter 
elimination half-life, and higher plasma clearance [62]. A single 
dose or intermittent bolus doses of propofol may be suitable for 
brief procedures ( < 30 minutes) [63], but continuous infusion of 
2–5 mg/kg/hr rather than intermittent administration is recom-
mended for longer procedures [64] in children undergoing MRI. 
The use of MR-compatible infusion pumps allows for consistent 
maintenance of accurate dosing and reduces the amount of 
propofol need to achieve adequate and safe sedation in children 
undergoing MRI [65]. Although propofol is easily titratable, its 
narrow therapeutic margin combined with ultra-short-acting 
pharmacokinetic profiles is associated with the rapid progression 
of sedation levels leading to general anesthesia. 

Because of its rapid onset, short recovery time, antiemetic prop-
erties, and low incidence of emergence delirium, propofol has 
gained popularity as a primary sole sedative agent for MRI in chil-
dren. Compared to most other sedative regimens, propofol pro-
vides the shortest onset and recovery and a high sedation success 
rate for pediatric MRI [66-70]. However, propofol commonly 
causes hypotension and dose-dependent respiratory depression 
including hypoventilation, apnea, and airway obstruction, which 

may be exaggerated with concomitant opioid use [27,71-73]. Se-
dation providers must monitor the respiratory rate and etCO2 in 
children receiving propofol sedation. As mentioned above, coad-
ministration of ketamine may be an option to counterbalance 
propofol-induced cardiorespiratory depression [45]. Pain during 
peripheral IV injection can be distressing to the parent and child 
but may be limited with low-dose lidocaine, fentanyl, or ketamine 
pretreatment [74]. Because propofol contains egg lecithin, patients 
with a history of egg allergy are at increased risk of an allergic reac-
tion to propofol [75]. Because of its rapid acting and reliable titra-
tion of drug concentration, propofol is also used for general anes-
thesia with spontaneous ventilation, endotracheal intubation, or la-
ryngeal mask airway (LMA) for MRI in children [76-78]. 

2) Sevoflurane 
Generally deep sedation with spontaneous ventilation is preferred 
for MRI because of limited medical resources (mechanical venti-
lation and longer surveillance period). However, general anesthe-
sia for MRI is indicated in select children with congenital heart 
defects or airway abnormalities, long-duration scans for staging 
investigations of malignancies, or those who have had previous se-
dation failure. Some MRI scans (cardiac, thoracic, or abdominal) 
require breath-holding to obtain adequate images. In such cases 
requiring the need for a secure airway, it is necessary to control 
airway with LMA or endotracheal intubation and deliver general 
anesthesia. 

Sevoflurane is the inhalational agent of choice in children due 
to its lack of airway irritability and ability to provide stable hemo-
dynamic function, together with its rapid onset and offset. Sevo-
flurane has been successfully used in newborns and infants with a 
maximum vaporizer setting of 4 vol% for MRI [79,80]. Sevoflu-
rane anesthesia provides higher success rates (92% vs. 80%) and 
faster onset and recovery, but a higher incidence of emergence de-
lirium than propofol anesthesia in children undergoing MRI 
[70,76]. Major airway-related adverse events such as respiratory 
apnea and severe airway obstruction occurred in 0.4% of children, 
while preterm infants are at higher risk compared to term infants 
after sevoflurane anesthesia for MRI [81]. Positive pressure venti-
lation with endotracheal intubation or LMA may result in more 
extensive atelectasis in children after MRI compared to sponta-
neous ventilation in children receiving sevoflurane-based anesthe-
sia [78,82]. 

Sevoflurane-based anesthesia is also reported to be highly feasi-
ble and safe in children with neuropsychiatric disorders undergo-
ing MRI. Mongodi et al. [83] found that induction and mainte-
nance of sevoflurane anesthesia inhaled by a reservoir bag mask at 
8.0 and 2.5 vol%, respectively, provides a median time of 15 min-
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utes for full recovery and lower rates of mechanical ventilation 
compared to other pharmacological approaches in retrospective 
analysis of data of 10 years at a single center. They identified chil-
dren with an American Society of Anesthesiologists (ASA) 
score > 1, male sex, prolonged procedures, and neuromuscular 
diseases as higher risk for general and respiratory complications in 
this population. 

Special consideration for pediatric drug 
use and development 

Many of the drugs used for sedation and analgesia in children are 
not approved by the Ministry of Food and Drug Safety (MFDS), 
formerly the Korean Food and Drug Administration (KFDA), for 
use in children under certain ages (e.g., fentanyl < 2 years; remifen-
tanil < 1 year; propofol < 3 years for anesthesia and < 18 years for 
sedation; and dexmedetomidine < 18 years of age). The lack of 
MFDS approval does not imply that a drug can/should not be 
used; rather, it means that pharmaceutical manufacturers never 
carried out the appropriate research to gain MFDS approval. 
Off-label use of drugs for sedation of children has grown expo-
nentially prior to the development of well-controlled clinical trials 
in the pediatric population. A number of legislative changes are 
intended to improve drug labeling for safe and efficacious seda-
tion in children [84,85]. 

Conclusion 

As the need for deep sedation and general anesthesia for children 
in an MRI suite continues to expand, anesthesiologists continue 
to be frequently requested to provide anesthesia services for these 
venues. The choice of agent and technique used for sedation or 
general anesthesia reflects the experience of the sedation provider, 
potential constraints imposed by the patient and procedure, avail-
ability of appropriate monitoring equipment, and institutional 
policies in place. 

The use of traditional sedative agents such as pentobarbital and 
chloral hydrate has decreased due to long onset and recovery. 
Midazolam and ketamine are preferred as the adjunct rather than 
single use to counterbalance adverse events of other sedative 
agent. Currently, the use of propofol with high effectiveness and 
rapid recovery and dexmedetomidine with respiratory drive pres-
ervation have increased as the single agent for deep sedation and 
general anesthesia in children undergoing ambulatory MRI. 

To provide the most effective, efficient, and safe sedation and 
anesthesia for children, the anesthesia service team should be fa-
miliar with MRI-specific safety issues and the requirements of op-

timal quality images for precise diagnosis before induction. Fur-
ther improvements of quality and cost effectiveness with new 
promising drugs are also necessary. 
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Introduction 

Glass ionomer cement (GIC), an acid-base cement, is formed by 
the reaction of weak polymeric acids with inorganic glass powder 
[1]. GIC has multiple advantages: First, it adheres specifically to 
the teeth to prevent corrosion or leakage. Second, there is slow re-
lease of fluoride ion over time to maintain dental health. Third, its 
color is very similar to that of human teeth [2,3]. Despite the ad-
vantages of GIC, further improvement is required in terms of its 
mechanical characteristics. In order to improve the mechanical 
strength of GIC, the resin-modified glass ionomer (RMGI) was 
developed; it has an additional monomer compared to GIC and 
improved mechanical strength through photopolymerization and 
acid-base reaction [4,5]. RMGI obtained by resin curing has im-
proved physical properties, but the amount of the released fluoride 
ion, which is important in preventing dental caries, is low [4]. 
Studies have reported on the manufacture of GIC using macro-
monomer and viscosity dilution materials to exclude the effects of 
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water and the production of a material known as a compomer [6]. 
Clinically, GIC is applied close to the pulp. However, it is diffi-

cult to use RMGI in deep underlined cavities. In dental clinics, ei-
ther GIC or RMGI may be used, depending on the purpose. 
There has been a recent focus on the study of “smart” materials 
that confer biocompatibility and cause remineralization, while 
maintaining the physical properties of materials [7]. Bioactive glass 
(BAG), composed of NaO, SiO, PO, and CaO, is known to be 
used for the loss of osseous tissue; therefore, a study was conduct-
ed to increase the biocompatibility of GIC by adding BAG to GIC 
[3,8]. Studies have also reported an increase in biocompatibility 
with the addition of synthetic hydroxyapatite (HA) to the inorgan-
ic components of GIC, since HA is highly analogous to the major 
components of tooth enamel or dentin in terms of structure [7]. 

In this review, we will describe the history of the development of 
GIC and determine the direction that GIC research should take in 
the future.  
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Glass ionomer cement 

GIC is a combination of silicate and polycarboxylate that releases 
fluoride and attaches to dental tissue. It is used in a variety of appli-
cations, including the filling material of dental cervical lesions; the 
restoration of children’s teeth; the core construction of tubular flu-
id; and the adhesion of tooth fillings [9]. GIC was first introduced 
in 1972 by Wilson and Kent [10]. It consists of a water-soluble 
polyacrylic acid and fluoroaluminosilicate glass. When the silicate 
powder and polymeric liquid are mixed, an acid-base reaction 
takes place (Fig. 1). As metallic polymer salts begin to form, gela-
tion begins, and continues until the cement hardens. Early GIC 
was considered an alternative to amalgam as tooth filling material. 
However, the mechanical properties of early GIC were not as ad-
vantageous as those of amalgam and required further improve-
ment. Thus, the metal-reinforced GIC was first introduced in 
1977. Williams et al. [11] described the addition of silver-amalgam 
alloy powder to GIC to increase the strength of the cement and 
provide radiopacity at the same time. However, both early GICs 
and metal-reinforced GICs had low viscosity, making them un-
comfortable for clinical use. To overcome these issues, high viscosi-
ty GICs called viscous or condensable GICs were developed 
[12,13]. These materials were used in atraumatic restorative treat-
ment in the early 1990s [14]. The developed materials are com-
posed of fine glass particles and high molecular weight anhydrous 
polyacrylic acids and possess a high powder/liquid mixing ratio, 
resulting in fast setting time and conferring high viscosity [13,14]. 
The setting reaction mechanism of high viscosity GICs is the same 
as that of conventional GICs based on the acid-base reaction. 

GICs release biologically active ions, fluoride, sodium, phos-
phate, and silicate that are biologically beneficial around the medi-
um, therefore, these ions are naturally bioactive substances [15]. 
As more of these ions are released under acidic conditions when 
compared to neutral conditions, GIC can lower the pH of the sur-
rounding medium under acidic conditions [15]. 

Resin-modified glass ionomer cement 

RMGI is composed of resin added to the GIC. Due to resin addi-
tion, the binding strength, tensile strength, and compressive 
strength of the GICs are maintained and their solubility in aqueous 
environment is lowered, thereby improving the shortcomings of 
GIC [5,9]. Resin in RMGI is obtained by first putting the mono-
mer into the liquid component of the GIC and then photo polym-
erization. Ultraviolet irradiation results in monomer polymeriza-
tion, followed by an acid-base reaction, which improves mechani-
cal strength (Fig. 2). Owing to this improved mechanical strength, 

RMGI is widely used as a dental filling material. 
Earlier, Mathis and Ferracane [16] attempted to manufacture 

dental filling materials by mixing GIC and a composite prepared 
by mixing resin with commercial GIC. The resulting material did 
not exhibit clinically acceptable properties but it did demonstrate 
the possibility of combining acid-base and resin polymerization 
settings within a single material. RMGI, which is obtained by light 
curing, was developed in 1992 [5]. The basic acid-base reaction in 
these materials is mainly supplemented by the second resin created 
by light curing [5,17]. They are GICs containing a small number 
of monomers that can be polymerized in aqueous medium. An-
other method has also been reported that alters the side chain of 
polyalkenoic acid, but the GIC is still prepared through mecha-
nisms based on acid-base reactions [7]. The term ‘resin-modified 
glass ionomer’ means that resins are formed, however, they retain 
the characteristics of glass ionomers [4]. With regard to the materi-
als in the wider context of material science, RMGIs are all ‘compos-
ite materials’ as they consist of a matrix phase and a dispersed 
phase. The variation in the composition of commercial materials 
could then be considered to be continuous on a scale from purely 
resin-matrix produced by photo irradiation to purely salt-matrix 
produced by acid-base reaction [4]. One example of resin additives 
in RMGI is the addition of methacrylate to polyacrylic acid. In the 
preparation of these materials, the basic acid-base reaction is re-
plenished by light curing. Another example of RMGI is polyac-
id-modified composite resins composed of macro-monomers, 
which are commonly used in composite resins, containing bisphe-
nol A-glycidyl dimethacrylate (bisGMA) or urethane dimethacry-
late with a small amount of acidic monomer [18,19]. They use the 
same ion-releasing glass as do the filler particles used in conven-

Silica gel

Polyacid

Al3+

Ca2+ O=C

O=C

O-

O-

Me2+ / Me3+

Silicate basis

Fig. 1. Model of ionic bond formation with inorganic filler and 
polyacid. When calcium fluoroaluminosilicate filler and polyacid 
are mixed, the carboxyl ion of polyacid is ion-bonded with 
aluminum and calcium ion in the silicate filler.
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tional GIC, however, they are small in size. The initial setting reac-
tion is initiated by light curing, followed by an acid-base reaction 
after water absorption [20]. 

The release of fluoride from tooth filling materials is very im-
portant in terms of preventing tooth corrosion. Many researchers 
have reported that RMGIs can release fluoride at a rate similar to 
that of conventional GIC [3,20,21]. However, this release rate can 
be influenced not only by the formation of complex fluoride deriv-
atives by reaction with polyacrylic acid, but also by the type and 
amount of the resin used for light polymerization [22-24]. De-
pending on the storage environment, fluoride is released from 
RMGI for the first 24 hours [20,25-27], then the amount of releas-
ing fluoride decreases after 7 days, and stabilizes at 10 days to 3 
weeks [20,24,28,29]. Fluoride release is affected by variables such 
as matrix component, filler, and fluoride content [20,30-33]. In ad-
dition, it is also affected by experimental factors such as storage en-
vironment, number and frequency of preserving solution changes, 
composition and pH of saliva, plaque and pellicle formation, pow-
der-to-liquid ratio, mixing, curing time, and exposed surface [20]. 
Fluoride release from RMGI in artificial saliva containing esterase 
was proved to be higher than in artificial saliva with no enzyme 
[20]. Bleaching and brushing did not affect fluoride release. Re-
moval of the outer layer of the restoration by air polishing or finish-
ing increased fluoride release. When the surface of the restorative 
material was covered with an adhesive or a surface coating agent, 
contamination due to moisture and dehydration was prevented in 
the initial stage, and fluoride release was reduced by 1.4 to 4 times 
[20]. Mousavinasab and Meyers [34] studied the amount of fluo-

ride released from four kinds of GIC (Fuji II LC, Fuji IX Extra, Fuji 
VII, and Fuji IX; GC Corporation, Tokyo, Japan), one compomer 
(Dyract Extra; Densply Detrey GmbH, Konstanz, Germany), and 
one giomer (Beautifil; Shofo Dental Corp., San Marcos, CA, 
USA). There was a significant difference in fluoride release depend-
ing on the type of material and time; GIC released more fluoride 
than the compomer and giomer. Khoroushi and Keshani [3] and 
Mousavinasab and Meyers [34] emphasized the role played by the 
amount of GIC matrix used, in releasing fluoride ion of materials.

Compared with GIC, RMGI shows improved mechanical 
strength but decreased biocompatibility. This is because the 2-hy-
droxyethyl methacrylate (HEMA) monomer escapes from RMGI 
mainly during the first 24 hours [2,35]. The amount of HEMA re-
leased depends on the photometric intensity of the GIC [2,35]. 
HEMA penetrates the dentine [2,36] and is toxic to pulp cells 
[2,37]. As mentioned above, the mechanical properties have been 
improved at the same time the working time has been reduced, but 
its ability to prevent cavities is relatively low owing to the low re-
lease of fluoride and its biocompatibility remains unsatisfactory be-
cause of HEMA. 

Polyacid-modified composite resins 
(compomer) 

The mechanical properties of the GIC limit its applications be-
cause it is composed of carboxylic acid groups that make the resin 
easily interact with water. Polyacid-modified composite resins, 
commonly known as compomers, are used for aesthetic materials 
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Fig. 2. Model of interaction between resin-modified glass ionomer (RMGI) and dental tissue. When the filler, polyacid, and 
2-hydroxyethyl methacrylate (HEMA) are mixed and irradiated, HEMA polymerizes and becomes poly-HEMA, acting as a bridge, followed 
by acid-base reactions of polyacid and filler. Meanwhile, carboxyl residues in polyacid are strongly ionized with calcium present in tooth 
tissue, allowing RMGI to adhere to teeth.
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for oral rehabilitation, especially dental caries treatment [6,38]. 
This material was introduced to clinical dentists in the early 1990s 
[6,39] and was proposed as a new dental material that combines 
the existing synthetic resin aesthetics with the fluoride release and 
adhesion capabilities of GIC [6]. 

The main feature of compomers is that they do not contain wa-
ter and most of the components are identical to those of composite 
resins. Typically, these are bulky macro-monomers, such as bis-
GMA or its derivatives and/or urethane dimethacrylate, which are 
mixed with viscosity-reducing diluents, such as triethylene glycol 
dimethacrylate [6]. These polymer systems are filled with non-re-
active inorganic powders, such as quartz or a silicate glass, such as 
SrAlFSiO4 [6,40]. Powders are coated with a silane, which 
strengthens the bond between the filler and matrix of the set mate-
rial [6,41]. The compomers also contain additional monomers 
that are different from those of conventional composites; therefore, 
they contain acidic functional groups as a very minor component. 
The most widely used monomer of this type is TCB, which is a  
di-ester of 2-HEMA with butane tetracarboxylic acid [6,40]. In ad-
dition, compomers also contain reactive glass powders similar to 
those used in GIC [6,38]. 

Compomers are designed to absorb water [6,41,42], and soak-
ing in water can lead to a 2% to 3.5% increase in their mass [41]. It 
has been shown that this water absorption process involves neu-
tralization of the carboxylic acid group. Neutralization is controlled 
by the rate of water diffusion and is therefore a rather slow process 
[42]. The mechanism through which compomers absorb water to 
promote neutralization is found to have a negative effect on their 
physical properties [43,44]. This mechanism is different from that 
of conventional composite resins, which are known to absorb 
moderate amounts of water without significant alterations to their 
mechanical properties [44]. Adusei et al. [45] conducted the most 
comprehensive study of the adverse effect of water on compomers. 
For all tested materials, there was no difference in the measured pa-
rameters after 24-hour storage in wet or dry conditions. However, 
for most materials, all strength measurements tended to decrease 
over a 4-week period. Not all physical parameters showed reduc-
tions with long-term storage in water. In addition, it was found that 
microtensile strength and surface hardness appeared to remain un-
affected [46,47]. 

The presence of minor amounts of both acid functional mono-
mers and basic ionomer-type glass confers new properties to the 
material, namely, the ability to absorb moisture to trigger an ac-
id-base reaction that can lead to the release of fluoride and creation 
of an acidic environment [6]. However, some studies have shown 
that water uptake reduces mechanical strength by up to 40% over 
several weeks; therefore, these clinically desirable features income 

at a price [44]. Conversely, clinical studies have shown that these 
materials perform well in a variety of applications. The decrease in 
mechanical strength due to water uptake does not appear to be of 
clinical importance, and these materials are suitable for use in vivo 
[48,49]. 

A recent study on improvements in glass 
ionomer cement function 

Several efforts have been made to enhance the properties of GIC 
while maintaining the bioactivity gained by releasing the ion. How-
ever, it was necessary to develop a “smart” material that can over-
come the adverse effects of the resin monomer and further induce 
remineralization on the defective dentin. Efforts have also recently 
been underway to improve physical properties and biocompatibili-
ty by using both BAG and HA as fillers. 

1. Glass ionomer cement containing bioactive glass 
In some recent studies [18,50-53], BAG has been used with GIC 
to improve bioactivity and induce tooth regeneration. The use of 
bioactive materials has attracted attention in dentistry, particularly 
for the purpose of dentin remineralization. The main inorganic 
component of the GIC comprises Si, Al, and Ca and is ionized 
with polyacid, so it does not exhibit decomposition performance 
[10]. Meanwhile, BAG contains specific weight percentages of Si, 
Na, Ca, and P and was introduced by Hench in 1969 as 45S5 Bio-
glass with the following chemical composition and weight percent-
ages: 45 wt% SiO2, 24.5 wt% CaO, 24.5 wt% Na2O, and 6.0 wt% 
P2O5. BAGs are amorphous silicate-based materials which are 
compatible with the human body and can stimulate new bone 
growth while dissolving over time [54]. 

In clinical situations, BAG was first used as a biomaterial to re-
place the loss of osseous tissues. BAG is able to bind strongly to 
bone via the formation of HA and firm bonding between the colla-
gen and HA, and the body therefore tolerates the material well 
[3,54]. This material was initially used in the reconstruction of 
bone loss due to periodontal diseases in bony defects [3,54]. BAG 
has recently been used in the treatment of dentinal hypersensitivi-
ty; fine BAG particles are incorporated into toothpaste or applied 
to tooth surfaces. BAG attaches to the dentin surface and quickly 
forms a hydroxycarbonapatite layer, which seals the tubules and re-
lieves pain [3].  

Some researchers have studied the physical and chemical prop-
erties to evaluate the effect of BAG materials on tooth structure. 
There are several studies on the effect of BAG addition on the 
physical properties of RMGI [3,53,55,56]. Although the compres-
sive strength of the composition is reportedly slightly reduced, it is 
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much higher than that of the GIC containing BAG. Yli-Urpo et al. 
[50] added BAG to GIC and evaluated its physical and biological 
properties. They reported that the experimental composition is 
bioactive under physiological conditions and is capable of mineral-
izing human dentin in vitro [3,50]. 

Adding BAG particles to GIC decreases compressive strength 
and the modulus of elasticity [50,55,57]. This suggests that the 
BAG particles might be only loosely attached to the GIC matrix. 
Thus, BAG particles probably acted as fillers that had not been ad-
hered into the GIC matrix, leading to decreased compressive 
strength and modulus of elasticity [50]. Therefore, the develop-
ment of bioactive GICs, that does not involve a deterioration in 
mechanical properties, seems to be needed. Main research has 
been specifically focused on the application of nanoparticles to 
dental materials, including GICs, to improve the mechanical prop-
erties of the matrix and strengthen communication with cells de-
rived from dental tissue to facilitate regeneration [57-61]. Several 
nanomaterials such as hydroxyl- (or fluoro-) apatite, titanium ox-
ide, zirconia, and resin and combinations thereof have been incor-
porated into the existing GIC. One of the nanoparticles indicated 
for use in GIC is a BAG nanoparticle [7,62,63]. The BAG 
nanoparticle, combined with the matrix of GIC, increases surface 
area and biological activity and greatly improves mechanical/bio-
logical properties as an additive per particle weight over that of 
conventional micro-sized BAG particles [64,65]. 

2. Glass ionomer cement containing hydroxyapatite 
HA has been beneficial in the field of dentistry due to its unique ra-

diopacity and other properties [66-68]. The application of current 
nano-sized biomaterials is known to be potentially more useful in 
dentistry. They have wide applications because of greater strength, 
polishability, and aesthetic value than commercial modifiers 
[69,70]. Recent advances in the synthesis of HA [71] in various 
sizes and forms have enabled HA to be used as a biocompatible fill-
er for natural tooth materials. In addition, HA showed excellent bi-
ological activity and played an important role in orthopedics be-
cause of its bone-inducing and bioactive properties [66,72]. 

Nanotechnology involves the use or modification of 1 to 100-
nm materials [7,73-75]. Major applications of nanotechnology in 
dentistry include surface modification of implants [76], enhanced 
polymer composites with nano-sized particles [74], and caries pre-
vention [77]. Recent research shows that the addition of nanopar-
ticles or nanoclusters increases the mechanical strength of tooth 
fillers such as resin composites [78-80]. Similar attempts have 
been made to improve the mechanical properties of the GIC using 
nanotechnology [67,81]. Introduction of nano-sized apatite not 
only maintains the mechanical properties of the GIC at all times, 
but also increases the release of fluoride ions [33,67]. Studies have 
also reported that GIC containing nano-sized apatite has better 
biocompatibility than conventional GIC [82,83]. Haider et al. 
[83] reported that there are differences in biological properties de-
pending on the shape of the nanoparticles incorporated into the 
nanofiber scaffold. In their experiment, nanorod HA showed a bet-
ter biocompatibility than spherical HA. In the HA effect study on 
GIC, nanorod HA-fixed silicate showed better cellular compatibili-
ty than the non-fixed silicate (Fig. 3). 
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Apatite crystals increase the crystallinity of cured matrix, further 
stabilizing the hardening cement and improving the bond strength 
with the tooth structure [74,84,85]. Increasing fluoride release can 
reduce secondary caries around the restoration site [73,86]. How-
ever, the possibility of interfacial failure of glass and bioceramic can 
be a problem that can affect the physical properties of the cured ce-
ment [87]. The crystals of nano-HA preferentially remineralize 
enamel [7,88,89]. Recent reports suggest that the nano-HA-modi-
fied resin composite has improved mechanical properties over the 
unmodified resin composite [7,90,91]. Similarly, adding nano-HA 
or nano-fluoroapatite to the powder content of GIC had a positive 
effect on compressive, tensile, and flexural strength of the cured ce-
ment [67]. Fourier-transform infrared spectroscopy showed that  
adding apatite to GIC powder has been found to increase the crys-
tallinity of cured GICs, which in turn improves chemical stability 
and water insolubility [67,92]. This results in a better survival rate 
than that observed with commercialized GICs [67]. 

The improved mechanical properties of GIC modified by HA 
are due to ionic bonds of polyacrylic acid and HA crystals [92]. As 
a strong ionic bond is formed between the calcium ion of the tooth 
structure and the crystal of the apatite of the cement, the GIC con-
taining nano-HA is expected to strongly bond to the surface of 
teeth (Fig. 2) [33]. In addition, reducing the particle size of HA 
from a micrometer scale to a nanometer scale significantly increas-
es the surface area, and improves infiltration into dentin and enam-
el pores where crystals have been demineralized; this can improve 
bonding at the tooth-ionomer interface [93]. 

HA infiltered GIC, called glass carbomer, includes substances 
that are established by the acid-base reaction between the aqueous 
polymer acid and the ion leaching base glass, but they also include 
substances not commonly included in glass ionomer formulations 
[94]. As such, the bioactive component acts as a secondary filler. 
According to solid state nuclear magnetic resonance spectroscopy, 
this filler is actually HA [95] and is included to promote the forma-
tion of enamel-like substances in contact with the tooth, as previ-
ously studied with GIC used as fissure sealants. 

Since glass carbomers contain a higher proportion of glass than 
that in conventional GIC, as well as HA fillers, the set glass car-
bomers are brittle. Silicone oil is added to overcome this problem 
[96]. It strengthens the material and remains bound by hydrogen 
bonding. The setting of glass carbomer involves two parallel reac-
tions, one involving the glass plus polyacid and the other involving 
HA plus polyacid. Both are acid-base reactions, resulting in an ion-
ic crosslinking polyacid matrix containing embedded filler. Howev-
er, the filler is not only ion-depleted glass, but in this case also con-
tains a partially reactive HA. Thus, the matrix is similar to that ob-
tained using conventional GIC, except that it contains polydimeth-

ylsiloxane oil [97]. 
There are only preliminary studies on the clinical use of glass 

carbomer thus far; however, no long-term studies have been con-
ducted for this material. Consequently, the durability of this mate-
rial in the oral cavity of patients is not yet known. 

Conclusion 

Since the last decade, interest in the use of “smart” bioactive mate-
rials has been growing in dentistry, especially with the aim of rem-
ineralization of dentin. More predictable treatment results can be 
obtained with RMGI’s superior handling characteristics, com-
bined quality during final overlay restoration, and possibility of im-
mediate restoration placement. Therefore, future studies should 
focus on these materials, especially on their cytotoxicity, quality of 
induced dentin bridges, and protocols for higher bonding strength 
during final restoration. 

Currently, nanotechnology is used to develop nanoscale glass 
filler to enhance biocompatibility. Furthermore, various studies are 
being conducted to develop a material that brings high biocompat-
ibility and mineral inducing potential by adding biocompatible na-
no-sized HA to RMGI. Irrespective of the clinical suitability of the 
material, clinicians will probably not select materials that are diffi-
cult to handle. Thus, a more biocompatible material based on 
RMGI need to be developed for extensive clinical use in future. 
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Introduction 

Cancer is a leading cause of morbidity and mortality, with approx-
imately 14 million new cases diagnosed and 8 million cancer-re-
lated deaths worldwide in 2012 [1]. The three major gynecologic 
cancers are cervical, endometrial, and ovariancancer. Cervical 
cancer is the 4th most common malignancy in women worldwide 
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and the disease resulted in over 300,000 deaths in 2018 [2]. High-
risk subtypes of the human papilloma virus (HPV) are the cause 
for most cervical cancers, and HPV screening and vaccination 
programs are effective for disease prevention. Endometrial cancer 
is the most common gynecologic malignancy in developed coun-
tries, with a rising incidence. In 2012, around 320,000 new cases 
of endometrial cancer were diagnosed worldwide [3]. Ovarian 
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cancer is the common cause of gynecological cancer associated 
with death. One of the reasons for high mortality is late presenta-
tion in most cases. This cancer usually presents in postmenopaus-
al women without typical symptoms. In 2018, about 295,000 new 
cases of ovarian cancer were diagnosed worldwide [4]. Based on 
the characteristics of gynecological cancers discussed above, the 
purpose of this study is to review the clinico-pathologic character-
istics of patients with gynecological cancers treated at our hospital. 

Materials and methods 

We retrospectively identified patients with invasive gynecological 
cancers who were treated at Yeungnam University Medical Center 
from January 1, 2012 to February 28, 2019. This study was ap-
proved by the Institutional Review Board of the Yeungnam Uni-
versity Medical Center (IRB No: 2019-11-004). The disease 
codes used were according to the International Classification of 
Diseases, 10th edition, which included cervical cancer (C53), 
uterine corpus cancer (C54, C55), ovarian cancer (C56), tubal 
cancer (C57), and primary peritoneal cancer (C48). Cervical car-
cinoma in situ, borderline ovarian malignancy, vaginal cancer, and 
choriocarcinoma were excluded from the study. Patients who 
were transferred to other hospitals immediately after diagnosis 
were also excluded. Finally, 287 cases of gynecological cancer 
were included in this study. We analyzed the clinical features, de-
mographic profiles, pathologic data, treatment modality used, ad-
juvant treatment used, complications, recurrence, progression-free 
survival (PFS), and overall survival (OS) of all patients. All cases 
were pathologically confirmed as gynecological cancer; however, 
a few cases of ovarian cancer were clinically diagnosed when cyto-
logical and imaging studies strongly suggested ovarian cancer. At 
our hospital, the baseline investigations for cervical cancer usually 
include serum squamous cell cancer-antigen (SCC-Ag) level, 
chest X-ray, cystoscopy, sigmoidoscopy, pelvic magnetic reso-
nance imaging (MRI), and positron emission tomography-com-
puted tomography (PET-CT). For endometrial cancer, the base-
line investigations include serum cancer antigen-125 (CA-125) 
level, chest X-ray, sigmoidoscopy, pelvic MRI, and PET-CT. For 
ovarian cancer, the initial work-up includes the risk of ovarian ma-
lignancy algorithm (ROMA) test, chest X-ray, gastroscopy, colo-
noscopy, pelvic CT, and PET-CT. The stages of cervical and cor-
poral cancer were classified according to the International Federa-
tion of Gynecology and Obstetrics (FIGO) classification 2009, 
and ovarian cancer was classified according to the FIGO stage 
2014. 

PFS was determined from the date of diagnosis to the date of 
first recurrence or the date of last follow-up. OS was determined 

from the date of diagnosis to the date of death or the date of last 
follow-up. Statistical analyses were performed using the IBM 
SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Survival 
analyses were conducted using the Kaplan-Meier method, and 
surviving patients were censored at the date of last follow-up. 

Results 

1. Cervical cancer 
Demographic characteristics and clinical features of patients with 
cervical cancer (n = 115) are described in Table 1. The mean age 
at diagnosis was 53.8 years. The most common presenting symp-
tom was vaginal bleeding, seen in 55 patients (47.8%). Forty-sev-
en patients (40.9%) were diagnosed with cervical cancer during 
routine health screening. More than half of the patients (67.0%) 
were diagnosed at stage I, while 15.7% were diagnosed at stage II. 
Serum SCC-Ag test was performed in 81 patients, and 43 of them 
(53.1%) had abnormal results ( > 1.5 ng/mL). The mean SCC-
Ag level was 5.5 ng/mL at diagnosis. The most frequent histologi-
cal type was squamous cell carcinoma (74.8%). Adenocarcino-
mas and adenosquamous carcinomas were found in 18.3% and 
1.7% of the cases respectively. Fifty-two patients (45.2%) under-
went only surgery while 26 patients (22.6%) received concurrent 
chemoradiation therapy as front-line therapy. Most patients 
(96.2%) treated with chemoradiotherapy received cisplatin alone. 
The most common surgical modality was open surgery (35 cases, 
30.4%), followed by laparoscopic surgery (31 cases, 27.0%). Sur-
gical complications occurred in 14 patients including bladder dys-
function in five patients, pelvic abscess in two patients, wound de-
hiscence in two patients, and deep vein thrombosis, sciatic neu-
ropathy, vaginal vault bleeding, ureter injury and postoperative 
sepsis in one patient each. During the 32 months of median fol-
low-up period, there were 17 cases with recurrence and seven 
deaths. Five-year PFS was 81.0%, and 5-year OS was 94.1%. Me-
dian PFS and OS were not reached. PFS and OS for each cancer 
site are shown in Fig. 1. 

2. Uterine corpus cancer 
Demographic characteristics and clinical features (n = 86) are de-
scribed in Table 2. The mean age at diagnosis was 56.9 years. The 
most common presenting symptom was vaginal bleeding, in 66 
patients (76.7%). Nine patients (10.5%) were diagnosed during 
routine health screening. Most cases (83.7%) were in stage I at di-
agnosis and 9.3% of the cases were in stage III. Mean serum CA-
125 level was 59.5 U/mL at diagnosis. The most frequent histo-
logical type was endometrioid carcinoma (69.8%), followed by 
serous carcinomas (7.0%) and carcinosarcoma (7.0%). Leiomyo-
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Table 1. Clinical and histopathologic characteristics of the uterine 
cervical cancers (n=115)

Clinicopathologic characteristic Value
Age (yr) 53.8 (31–86)
Symptom
 Vaginal bleeding 55 (47.8)
 Incidentally detected on routine health screening 47 (40.9)
 Abdominal pain 6 (5.2)
 Vaginal discharge 5 (4.3)
 Othersa) 2 (1.7)
Gravidity (no. of times) 4.0 (0–30)
Parity (no. of times) 2.3 (0–9)
Body mass index (kg/m2) 23.2 (15–34)
History of non-gynecologic malignancy 11 (9.6)
Serum SCC-Ag at diagnosis (ng/mL) 5.5 (0.2–70)
Tumor sizeb) (cm) 3.1 (0.1–21)
Synchronous primary cervical and endometrial cancers 1 (0.9)
Histology type
 Squamous cell carcinoma 86 (74.8)
 Adenocarcinoma 21 (18.3)
 Adenosquamous carcinoma 2 (1.7)
 Othersc) 6 (5.2)
FIGO stage
 I 77 (67.0)
 II 18 (15.7)
 III 7 (6.1)
 IV 13 (11.3)
Initial treatment
 Surgery alone 52 (45.2)
 Concurrent chemoradiation 26 (22.6)
 Surgery+radiotherapy 11 (9.6)
 Radiotherapy alone 8 (7.0)
 Surgery+concurrent chemoradiation 7 (6.1)
 Surgery+adjuvant chemotherapy 4 (3.5)
 Neoadjuvant chemotherapy+surgery±any adjuvant 

therapy 5 (4.3)

 Others 2 (1.7)
Surgical mode
 Abdominal 35 (30.4)
 Laparoscopic 31 (27.0)
 Robotic 4 (3.5)
 Vaginal (wide conization) 12 (10.4)
Hysterectomy procedures
 Extrafascial hysterectomy 24 (20.9)
 Modified radical hysterectomy 9 (7.8)
 Radical hysterectomy 37 (32.2)
Pelvic lymphadenectomy 50 (43.5)
Paraaortic lymphadenectomy 21 (18.3)
Surgical complications 14 (12.2)
Recurrence or progression 17 (14.8)
Death 7 (6.1)

Values are presented as number (%) or mean (range).
SCC-Ag, serum squamous cell cancer-antigen; FIGO, International 
Federation of Gynecology and Obstetrics.
a)Abdominal distension in one; headache in one case. b)Maximal diameter of 
the tumor either on the initial imaging study or on the pathologic finding. 
c)Mucinous carcinoma in two; diffuse large B-cell lymphoma in one; 
neuroendocrine carcinoma in one; adenosarcoma in one; mixed carcinoma 
in one case.
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Fig. 1. Progression-free survival (A) and overall survival (B) of the 
patients by the cancer sites.
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sarcoma and endometrial stromal sarcoma were diagnosed in 
4.7% and 2.3% of the cases respectively. Forty-five patients 
(52.3%) underwent only surgery. A case in stage IA underwent 
dilatation and curettage followed by adjuvant hormonal therapy 
using levonorgestrel-releasing intrauterine device for preservation 
of fertility. Following surgery, 21 patients (24.4%) received adju-
vant chemotherapy, 16 patients (18.6%) received radiotherapy 
and two patients (2.3%) received adjuvant chemoradiation. Al-
most half of the patients (47.6%) were treated with adjuvant che-
motherapy using paclitaxel and carboplatin, and the rest with cis-
platin-based combined regimen. The most common surgical mo-
dality was open surgery (45 cases, 52.3%), followed by laparo-
scopic surgery (36 cases, 41.9%). The following surgical compli-
cations were observed: wound dehiscence in six patients, infection 
at the drainage site in two patients, and ureteral injury, bladder in-
jury, vaginal wall laceration, small bowel injury, voiding difficulty 
and intracranial hemorrhage in one patient each. During the 28 
months of median follow-up, there were 16 cases with recurrence 
and seven deaths. The 5-year PFS was 79.3%, and 5-year OS was 
91.0%. Median PFS and OS were not reached. 

3. Ovarian, tubal and primary peritoneal cancer 
Pathologic characteristics and clinical features of patients with ovari-
an, tubal and peritoneal cancer (n=90) are described in Table 3. The 
mean age was 56.3 years. The predominant presenting symptoms 
were abdominal pain (34.4%), abdominal distension (22.2%), 
vaginal bleeding (12.2%), and palpable pelvic mass (10.0%). Cas-
es of incidental diagnosis were 14.4%. Serum CA-125 test was 
conducted in 83 out of 90 patients, and 60 of them (72.3%) had 
abnormal results ( > 35 U/mL). The mean CA-125 level was 
727.6 U/mL at diagnosis. In our hospital, Breast Cancer Suscepti-
bility Gene (BRCA) mutation test was initiated at the department 
of gynecology in February 2016 on a whole blood sample using 
polymerase chain reaction and direct sequencing. In all, 18 pa-
tients with ovarian, tubal, or peritoneal cancer underwent the test, 
and 4 (22.2%) were positive: BRCA1 and BRCA2 were positive 
in two patients each. The site of primary cancer was ovaries in 
87.8%, fallopian tubes in 3.3%, and peritoneum in 5.6%. More 
than half the patients (58.9%) were in the advanced stage (stage 
III or IV) at diagnosis. The most common epithelial histological 
type was serous adenocarcinoma (53.3%) while mucinous carci-
noma and clear cell carcinoma were found in 10.0% each. Twenty 
patients (22.2%) underwent only surgery, while 54 patients 
(60.0%) received postoperative adjuvant chemotherapy. Ten pa-
tients (11.1%) underwent surgery after neoadjuvant chemothera-
py. Paclitaxel plus carboplatin was used in 90.0% of the neoadju-
vant chemotherapy regimens and cyclophosphamide plus cispla-

Table 2. Clinical and histopathologic characteristics of the uterine 
corpus cancers (n=86)
Clinicopathologic characteristic Value
Age (yr) 56.9 (29–85)
Symptom
 Vaginal bleeding 66 (76.7)
 Incidentally detected on routine health screening 9 (10.5)
 Abdominal pain 4 (4.7)
 Abdominal distension 4 (4.7)
 Palpable pelvic mass 3 (3.5)
 Vaginal discharge 2 (2.3)
Gravidity (no. of times) 3.7 (0–21)
Parity (no. of times) 2.1 (0–7)
Body mass index (kg/m2) 25.3 (17.1–38.9)
History of non-gynecologic malignancy 13 (15.1)
Serum CA-125 level at diagnosis (U/mL) 59.5 (1.1–1,220)
Tumor sizea) (cm) 4.1 (0.2–20)
Synchronous primary endometrial and ovarian can-

cers 3 (3.5)

Histologic type
 Endometrioid carcinoma 60 (69.8)
 Serous carcinoma 6 (7.0)
 Carcinosarcoma 6 (7.0)
 Leiomyosarcoma 4 (4.7)
 Endometrial stromal sarcoma 2 (2.3)
 Othersb) 8 (9.3)
Histologic grade in case of endometrioid carcinoma
 1 30 (34.9)
 2 24 (27.9)
 3 6 (7)
FIGO stage
 I 72 (83.7)
 II 5 (5.8)
 III 8 (9.3)
 IV 1 (1.2)
Initial treatment
 Surgery alone 45 (52.3)
 Surgery+adjuvant chemotherapy 21 (24.4)
 Surgery+radiotherapy 16 (18.6)
 Surgery+chemoradiation 2 (2.3)
 Surgery+hormone therapy 2 (2.3)
Surgical mode
 Abdominal 45 (52.3)
 Laparoscopic 36 (41.9)
 Robotic 4 (4.7)
 Vaginal (dilatation and curettage) 1 (1.2)
Pelvic lymphadenectomy 53 (61.6)
Paraaortic lymphadenectomy 36 (41.9)
Surgical complications 14 (16.3)
Recurrence or progression 16 (18.6)
Death 7 (8.1)

Values are presented as numbers (%) or means (range).
CA-125, cancer antigen-125; FIGO, International Federation of Gynecology 
and Obstetrics.
a)Maximal diameter of the tumor either on the initial imaging study or on 
the pathologic finding. b)Mixed carcinoma in four; mucinous carcinoma in 
two; undifferentiated carcinoma in one; Mullerian adenosarcoma in one.
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Clinicopathologic characteristic Value

Age (yr) 56.3 (13–80)
Symptom
 Abdominal pain 31 (34.4)
 Abdominal distension 20 (22.2)
 Incidentally detected on routine health screening 13 (14.4)
 Vaginal bleeding 11 (12.2)
 Palpable pelvic mass 9 (10.0)
 Others 7 (7.8)
Gravidity (no. of times) 2.8 (0–8)
Parity (no. of times) 1.7 (0–6)
Body mass index (kg/m2) 22.8 (15.9–30)
History of non-gynecologic malignancy 13 (14.4)
Serum CA-125 level at diagnosis (U/mL) 727.6 (0.1–7,187.9)
Tumor sizea) (cm) 9.6 (0.5–25)
Primary cancer site
 Ovary 79 (87.8)
 Synchronous primary endometrial and ovarian cancers 3 (3.3)
 Fallopian tube 3 (3.3)
 Peritoneum 5 (5.6)
Histologic type
 Serous 48 (53.3)
 Mucinous 9 (10.0)
 Clear cell 9 (10.0)
 Endometrioid 8 (8.9)
 Othersb) 10 (11.1)
 Unknownc) 6 (6.7)
Histologic grade in case of serous carcinoma
 Low-grade 2 (2.2)
 High-grade 45 (50)
 Unknown 1 (1.1)

Clinicopathologic characteristic Value
FIGO stage
 I 33 (36.7)
 II 4 (4.4)
 III 34 (37.8)
 IV 19 (21.1)
Initial treatment
 Surgery alone 20 (22.2)
 Surgery+adjuvant chemotherapy 54 (60.0)

 Neoadjuvant chemotherapy+surgery+adjuvant 
chemotherapy

9 (10.0)

 Neoadjuvant chemotherapy+surgery 1 (1.1)
 Palliative chemotherapy 5 (5.6)
 Supportive care alone 1 (1.1)
Surgical mode
 Abdominal 67 (74.4)
 Laparoscopic 16 (17.8)
 Robotic 1 (1.1)
Fertility-sparing surgery
 Unilateral salpingo-oophorectomy 4 (4.4)
 Ovarian cystectomy 1 (1.1)
Postoperative residual tumor
 Grossly none 52 (57.8)
 Size <2 cm 9 (10.0)
 Size ≥2 cm 23 (25.6)
Pelvic lymphadenectomy 49 (54.4)
Paraaortic lymphadenectomy 43 (47.8)
Surgical complications 10 (11.1)
Recurrence or progression 34 (37.8)
Death 19 (21.1)

Table 3. Clinical and histopathologic characteristics of the ovarian, tubal, and primary peritoneal cancers (n=90)

Values are presented as numbers (%) or means (range).
CA-125, cancer antigen-125; FIGO, International Federation of Gynecology and Obstetrics.
a)Maximal diameter of the tumor either on the initial imaging study or on the pathologic finding. b)Adenocarcinoma in two; immature teratoma in two; 
adult granulosa cell tumor in one; transitional cell carcinoma in one; small cell carcinoma in one; undifferentiated carcinoma in one; dysgerminoma in 
one; poorly differentiated carcinoma in one case. c)Clinically diagnosed by both ascites cytology and imaging studies.

tin was used in the remaining 10.0%. Bevacizumab has been intro-
duced in January 2015 in our hospital and has been used in 11 pa-
tients. The most common surgical modality was open surgery (67 
cases, 74.4%), followed by laparoscopic surgery (16 cases, 
17.8%). Five patients (5.5%) underwent fertility preserving sur-
gery. The following surgical complications were observed: wound 
dehiscence in five patients, and bowel leak, bladder injury, deep 
vein thrombosis, acute kidney injury and cerebral infarction in 
one patient each. During the 23 months of median follow-up, 
there were 34 recurrences and 19 deaths. The 5-year PFS was 62.0%, 
and 5-year OS was 77.1%. Median PFS was 43 months (95% confi-

dence interval, 20.5–65.5), and median OS was not reached. 

Discussion 

Cervical cancer is the most common gynecological cancer in de-
veloping countries while endometrial cancer is the most common 
gynecological cancer in developed countries. The incidence of 
ovarian cancer is also higher in developed countries than in devel-
oping countries. In line with this trend, the incidence of cervical 
cancer is gradually decreasing, while that of uterine corporal and 
ovarian cancers is increasing in Korea. Our data showed the over-
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all clinico-pathologic results in patients who were treated for ma-
jor gynecological cancers at our hospital. Limitations of the pres-
ent study include its retrospective design, small sample size, and 
single-group analysis without comparison of data from other in-
stitutions. Nevertheless, this review of our data presents an oppor-
tunity to understand the characteristics of local population with 
gynecological malignancies and to evaluate the outcomes of our 
management. 

The incidence and mortality of cervical cancer have decreased 
since the introduction of screening programs. Furthermore, in 
countries where HPV vaccination program has been introduced, 
a substantial decrease in the incidence of cervical cancer is expect-
ed. According to the 2015 annual report of cancer statistics in Ko-
rea, the incidence of cervical cancer was high in the age groups of 
40s, 50s and 30s [5]. Similarly, our data showed that the incidence 
was highest with 29.6% in the 50s, followed by 21.7% in the 40s, 
and 17.4% in the 30s. The Surveillance, Epidemiology, and End 
Results (SEER) data in the United States reported the incidence 
of cervical cancer diagnosed in different stages as follows: 44% for 
localized disease, 36% for regional disease, and 15% for distant 
disease [6]. The incidence of different stages of cancer in our data 
was slightly different: 67.0% localized disease, 21.7% regional dis-
ease, and 11.3% distant disease. Such a high proportion of local-
ized disease seems to be due to active national cervical cancer 
screening. Globally, squamous cell carcinoma and adenocarcino-
ma are the most common histological subtypes accounting for 
approximately 70% and 25% of all cervical cancers, respectively 
[2]. The histological analysis of cervical cancer patients in our 
hospital showed 74.8% to be squamous cell carcinoma, 18.3% ad-
enocarcinoma, and 1.7% adenosquamous cell carcinoma, which 
is in line with the global trend. According to the SEER data, the 
5-year survival rate was 65.5% in 2015 [6], while the 5-year sur-
vival rate in the patients in our study was 94.1%. There might be 
various factors related to the difference in survival rates such as 
ethnic, racial, sociocultural, and other demographic characteris-
tics, as well as the national medical policy and program. In addi-
tion, a better survival rate could be partially because our study in-
cluded more cases in the early stage of the disease as follows: 25 
cases (21.7%) in stage IA1, 5 cases (4.3%) in IA2, 36 cases 
(31.3%) in stage IB1, and 11 cases (9.6%) in stage IB2. The surgi-
cal treatment appeared to be generally tolerable in terms of the in-
cidence (12.2%) and severity of complications. 

In endometrial cancer, the most common histologic type is en-
dometrioid adenocarcinoma (80%), while the other types are 
mucinous carcinoma (5%), papillary serous carcinoma (3%–4%), 
and clear cell carcinoma ( < 5%) [7]. The standard treatment for 
early-stage endometrial cancer is surgery including total hysterec-

tomy and bilateral salpingo-oophorectomy. The safety and advan-
tages of laparoscopic surgery have been proven in several random-
ized clinical trials [8,9]. In our data, the rate of laparoscopic sur-
gery was quite high (41.8%). According to the SEER data, the 
5-year survival rate was 81.0% in 2015, while the 5-year survival 
rate in the patients in our study was 91.0% [10]. 

BRCA 1/2 mutations are the most frequently identified genetic 
changes associated with ovarian cancer. It has been recently 
known that a BRCA 1/2 germline mutation is associated with 
poor prognostic factors such as early-onset cancer, serous histolo-
gy, and advanced stages of cancer [11]. The incidence of BRCA 
1/2 mutations has been reported to be 16.5% in the ovarian can-
cer patients in Korea [12]. In our data, BRCA 1/2 mutation was 
seen in 22.2% of the patients with ovarian cancer, which is proba-
bly due to the small sample size in the present study. In addition, 
clear cell carcinoma was found in a high proportion (10.0%) of 
ovarian cancer patients. In general, clear cell carcinoma accounts 
for about 5% of all ovarian cancers [13]. According to the SEER 
data, the 5-year survival rate was 47.8% in 2015, while the 5-year 
survival rate in the patients in our study was 77.1% [14]. More 
cases detected at an early stage might be a reason for the better 
survival. The distribution of various stages of cancer was as fol-
lows: localized malignancy and distant metastasis 15% and 59% 
respectively in the SEER data and 36.7% and 21.1% respectively 
in our data. 

In summary, most characteristics were similar with those of the 
worldwide data. The survival outcomes of patients with gyneco-
logical cancer in our data were generally good. Clinicians should 
well be aware of the clinical and histopathological characteristics 
of the patients with gynecological cancer to be able to provide op-
timal management options. 
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Background: Non-tunneled catheters (NTCs) are used for hemodialysis (HD) in many centers in 
which fluoroscopy is not easily accessed despite high complication rates and conditions requiring 
long-term HD. Therefore, here we aimed to evaluate the superiority of catheter-related outcomes 
after the application of tunneled cuffed catheter (TCC) without fluoroscopy versus unconditioned 
NTC insertion. 
Methods: We divided the participants into two phases: those receiving NTCs between March 
2010 and February 2011 (phase I), and those receiving TCCs or NTCs between March 2011 and 
February 2012 (phase II). Catheter survival, nurse satisfaction, and reasons for catheter removal 
were analyzed. 
Results: Two hundred and sixty patients in phase I and 300 patients in phase II were enrolled in 
this study. The success rate of TCC insertion was 99.2%. The catheter survival rate in phase I was 
65.5% at 1 month, while that in phase II was 74.9% at 1 month (p=0.023). We compared cathe-
ter survival between TCCs and NTCs for all periods regardless of phase. The TCC survival rate was 
higher than the NTC survival rate (p<0.001). Catheter-associated problems led to catheter re-
moval in 97 patients (26.6%) in phase I and 68 patients (18.5%) in phase II (p=0.009). Among 14 
HD nurses, all reported being satisfied with manipulation during pre-/post-HD, manupulation 
during HD, and overall. Eleven HD nurses (78.6%) reported being satisfied with the workload. 
Conclusion: Compared with unconditional NTC insertion for HD, TCC insertion without fluorosco-
py improved the overall catheter survival and nurse satisfaction rates. 

Keywords: Central venous catheter; Fluoroscopy; Hemodialysis; Renal dialysis  

Introduction 

The incidence and prevalence of end-stage renal disease (ESRD) 
continue to increase worldwide [1-3]. Hemodialysis (HD) is an 
established renal replacement therapy for patients with ESRD, and 
the adequate dialysis requires a vascular access, which is achieved 
via an arterio-venous fistula or graft for chronic HD. However, 

Original article
eISSN 2384-0293

Yeungnam Univ J Med 2020;37(3):186-193
https://doi.org/10.12701/yujm.2019.00465

Improvement of catheter-related outcomes after 
application of tunneled cuffed hemodialysis catheter 
insertion without fluoroscopy 
Seok Hui Kang, Jun Young Do 
Division of Nephrology, Department of Internal Medicine, Yeungnam University College of Medicine, Daegu, Korea 

Received: June 30, 2019 
Revised: March 5, 2020 
Accepted: March 6, 2020 

Corresponding author: 
Jun Young Do 
Department of Internal Medicine, 
Yeungnam University College of 
Medicine, 170 Hyeonchung-ro, 
Nam-gu, Daegu 42415, Korea 
Tel: +82-53-680-3844 
Fax: +82-53-654-8386 
E-mail: jydo@med.yu.ac.kr  

Yoon et al. [4] showed that in 83.6% of patients initiating HD a 
central venous catheter is used as the first way of access in Korea. 

HD catheters are divided into two groups according to the pres-
ence of cuff, that is, into temporary non-tunneled catheters 
(NTCs) and tunneled cuffed catheters (TCCs) [5,6]. NTCs are 
usually inserted into a femoral vein (FV) or an internal jugular 
vein (IJV), whereas TCCs are usually inserted into an IJV. TCCs 
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are superior to NTCs in terms of infection rates, patient discom-
fort, and inadvertent removal [7]. In addition, the Kidney Disease 
Outcomes Quality Initiative (KDOQI) guideline recommends 
that an NTC should only be used in hospitalized patients and for 
less than 1 week [7]. 

Proper tip placement in TCCs is important to proper function. 
Fluoroscopy guidance for tip visualization would be considered 
mandatory for TCC insertion. However, NTCs may be inserted 
for HD in many centers in which fluoroscopy is not easily ac-
cessed despite high rates of complications and conditions requir-
ing long-term HD. Therefore, we aimed to evaluate the superiori-
ty of catheter-related outcomes after the application of TCC with-
out fluoroscopy versus unconditioned NTC insertion. 

Materials and methods 

1. Ethics statement
This study was approved by the Institutional Review Board of Yeun-
gnam University Hospital (IRB No: YUH-12-0401-052). The 
board waived the need for informed consent.

2. Study participants 
We reviewed the medical records of Yeungnam University Medi-
cal Center in Korea to identify all adults ( > 18 years) who under-
went HD catheter insertion between March 2010 and February 
2012. In March 2011, our center employed a nephrologist with 2 
years of experience with TCC insertion. NTCs were inserted be-
tween March 2010 and February 2011, while TCCs or NTCs 
were inserted between March 2011 and February 2012. HD cath-
eter type was chosen by the nephrologist. Therefore, our study 
was divided into two phases: phase I (March 2010 to February 
2011) and phase II (March 2011 to February 2012). Phases I and 
II were divided according to the application of TCC without fluo-
roscopy. In phase I, all HD catheters were inserted by NTC. In 
phase II, the patients requiring HD within 1 week were inserted 
with NTC and patients requiring HD > 1 week were inserted 
with TCC without fluoroscopy. At phase I and II, NTC can be 
used for longer duration than 1–2 week according to clinical prog-
ress. Comparison between NTC and TCC using merged data 
may be associated with selection bias. Therefore, we have divided 
the study into two phases. NTCs and TCCs were used in the 
same manner during the two phases. We also compared the out-
comes of NTC versus TCC without fluoroscopy regardless of 
phase. 

3. Catheter insertion methods 
TCCs were inserted as previously described [8]. All were inserted 

routinely in a HD unit suite at our institution by two nurses and a 
nephrologist with 2 years of experience. Informed consent was 
obtained from all patients before the procedure. Briefly, the right 
(or left) neck and anterior chest wall were prepped with Betadine, 
and electrocardiography monitoring was utilized. Under ultraso-
nographic guidance (SA-8000; Medison, Seoul, Korea), the tar-
geted IJV was punctured with a 21-gauge needle; after the confir-
mation of good venous return, a 0.018-inch guide wire was insert-
ed (Mini Access Kit; Merit Medical Systems Inc., South Jordan, 
UT, USA), and a 4F sheath was placed. A pre-packaged Selding-
er-type double lumen catheter set (14.5 Fr; Covidien, Mansfield, 
MA, USA or 14.5 Fr; Medcomp, Harleysville, PA, USA) was used 
that consisted of a double lumen catheter, two vessel dilators (11 
and 13 Fr), a J-tip guide wire, a 15 Fr peel-away sheath, and a tun-
neler. A J-tip guide wire was advanced under electrocardiogram 
monitoring. Two skin incisions were made (access site, exit site). 
A tunnel was created and the catheter was then placed into the 
tunnel. Serial tract dilation was then performed to accommodate 
the peel-away sheath. The catheter was inserted using the peel-
away sheath placement technique, and catheter function was 
checked by saline flushes with a 5-mL B.D syringe. Finally, the 
catheter tip was confirmed by chest X-ray as located within the 
heart shadow or heading for the right atrium or ventricle. If the 
catheter tip did not deviate widely from the heart shadow and HD 
catheter’s function was intact, the catheter was not repositioned. 
Techniques for NTC were same until it is insertion of a 4F sheath 
into relevant IJV or FV. A 0.038-inch guide wire was inserted and 
vessel dilator was inserted over the guidewire. Finally, HD cathe-
ter was inserted through the IJV (11 Fr; Medcomp) or FV (11.5 
Fr; Medcomp). 

4. Outcome measurements 
The clinical data collected at the HD catheter insertion included 
age, disease underlying ESRD, sex, dialysis data, laboratory data, 
and HD catheter position/type, that is, NTC by the FV, NTC by 
IJV, or TCC by IJV. The data collected during follow-up included 
reasons for catheter removal classified as malfunction, infection, 
bleeding, neck edema, withdrawal from dialysis, death, follow-up 
loss, use of another access method (conversion from catheter to 
arterio-venous fistula, graft, or peritoneal dialysis), self-removal, 
and kidney transplantation. Malfunction, infection, bleeding, and 
neck edema were classified as catheter-associated problems. Cath-
eter malfunction was defined as a negative pressure less than −250 
mmHg at a blood flow rate < 300 mL/min or frequent pressure 
alarm during the HD session for adequate dialysis [7]. A catheter 
infection was diagnosed if pus, redness, induration, or tenderness 
was noted within 2 cm around the catheter exit site or along the 
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catheter tunnel. A catheter infection also was diagnosed if cathe-
ter-related bacteremia was suspected. Bleeding was diagnosed if 
the exit or puncture site was oozing and treatment beyond a dress-
ing change was needed. Neck edema was diagnosed if neck edema 
related to the catheter was suspected after the exclusion of other 
causes. In cases of catheter malfunction or infectious complica-
tions, the catheter was removed when the problems were not re-
solved by catheter manipulation or antibiotics. Technical success 
was defined as no procedure-associated complications with the 
catheter from venipuncture to HD initiation. Catheter survival 
was defined as the time that elapsed between catheter insertion 
and removal. Causes of catheter removal, excluding catheter-asso-
ciated problems, were analyzed as censored data. Dialysis and lab-
oratory data were reviewed at the time of HD initiation, and dialy-
sis was specified as HD or continuous renal replacement therapy. 
Laboratory data included hemoglobin (g/dL), platelet count (K/
mm3), calcium (mg/dL), phosphorus (mg/dL), aspartate amino-
transferase (AST; IU/L), alanine aminotransferase (ALT; IU/L), 
blood urea nitrogen (BUN; mg/dL), creatinine (mg/dL), sodium 
(mEq/L), and potassium (mEq/L). 

For all 14 HD nurses who participated in both phases, satisfac-
tion with TCC was assessed by four questions about manipula-
tion during pre-/post-HD, manipulation during HD, workload, 

and total satisfaction. All 14 nurses responded very satisfied, satis-
fied, no change, dissatisfied, or very dissatisfied. 

5. Statistical analysis 
Continuous values are reported as mean ± standard deviation and 
were compared using the t-test. Categorical variables are reported 
as count and percentage, and were compared using Pearson chi-
square test or Fisher exact test. Kaplan-Meier analyses were used 
to identify the intergroup differences in survival. The p-values 
used for survival curve comparisons were calculated using the log-
rank test. We performed Cox regression analyses of hazard ratio 
(95% confidence interval) for survival. Values of p < 0.05 were 
considered statistically significant. 

Results 

Two hundred and sixty patients in phase I and 300 patients in 
phase II were enrolled in this study (Table 1). Sex and age did not 
differ significantly between groups. There were no significant in-
tergroup differences in dialysis modality, hemoglobin, platelet 
count, calcium, phosphorus, AST, ALT, BUN, creatinine, or po-
tassium level. Serum sodium levels were higher in phase II than in 
phase I. A total of 364 HD catheters were inserted in phase I ver-

Table 1. Baseline characteristics
Variable Phase I Phase II p-valuea)

No. of patients 260 300 -
Underlying disease of ESRD (DM) 123 (47.3) 144 (48.0) 0.870
No. of catheterizations 364 367 -
Age (yr) 64.0±15.5 63.8±14.3 0.837
Male sex 143 (55.0) 177 (59.0) 0.340
Hemoglobin (g/dL) 9.6±1.8 9.8±1.9 0.216
Platelet (K/mm3) 206±131 198±126 0.473
Calcium (mg/dL) 7.7±1.2 7.5±1.0 0.297
Phosphorus (mg/dL) 5.1±2.3 5.3±1.9 0.453
Aspartate aminotransferase (IU/L) 215±817 200±496 0.829
Alanine aminotransferase (IU/L) 102±317 103±252 0.987
Blood urea nitrogen (mg/dL) 69.7±39.0 65.0±39.6 0.186
Creatinine (mg/dL) 6.0±3.8 5.8±3.8 0.589
Sodium (mEq/L) 135.2±6.4 136.9±6.7 0.002
Potassium (mEq/L) 4.4±1.0 4.2±0.9 0.206
Continuous renal replacement therapy 41 (15.8) 46 (15.3) 0.887
Type of hemodialysis catheter <0.001
 Non-TCC (FV) 176 (48.4) 171 (46.6)
 Non-TCC (IJV) 188 (51.6) 76 (20.7)
 TCC (IJV) 0 120 (32.7)

Values are presented as mean±standard deviation or number (%).
ESRD, end-stage renal disease; DM, diabetes mellitus; TCC, tunneled cuffed catheter; FV, femoral vein; IJV, internal jugular vein.
a)Statistical significances were determined using the t-test for continuous variables and Pearson chi-square test for categorical variables.
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sus 367 in phase II. Of them, 120 TCCs were inserted during 
phase II (32.7%). The TCC insertion success rate was 99.2%. 
One complication occurred during TCC insertion due to J-tip 
guidewire entrapment within the heart. This case was described 
in a previous paper [9].  

The catheter survival rate during phase I was 65.5% at 1 month 
and 50.7% at 5 months, while that during phase II was 74.9% at 1 
month and 63.7% at 5 months (Fig. 1). Thus, the catheter survival 
rate during phase II was significantly higher than that during 
phase I (p = 0.023). Furthermore, TCC survival was significantly 
greater than NTC survival (p < 0.001). 

Change in access was the most common cause of catheter re-
moval in both phases (24.5% in phase I, 24.8% in phase II). How-
ever, the catheter removal rate for a catheter-associated problem 
was greater in phase I (26.6% in phase I, 18.5% in phase II; 
p = 0.009). The intervals from insertion to event in phases I and II 
were 33.4 ± 74.6 and 34.9 ± 58.4 days, respectively (p = 0.758). 
More specifically, in phase I, the removal rate for a catheter-associ-
ated problem was 33.0% for NTC by FV and 20.7% for NTC by 
IJV (p = 0.008). In phase II, the corresponding rates were 31.0% 
for NTC by FV, 14.5% for NTC by IJV, and 3.3% for TCC 

(p < 0.001). Catheters were removed due to patient death in 
phases I and II in 62 patients (17.0%) and 80 (21.8%), respective-
ly (p = 0.103). Catheters were removed due to non-catheter-asso-
ciated problems and catheter-associated problems in 267 patients 
(73.4%) and 97 patients (26.6%) in phase I and in 299 (81.5%) 
and 68 (18.5%) in phase II, respectively (p = 0.009). Catheter re-
moval rates by catheter-associated problems were lower in phase 
II than in phase I. Fig. 2 shows the specific causes of catheter re-
moval. 

We also analyzed the outcomes according to catheter type re-
gardless of phase (Fig. 3). The catheter survival rate was highest 
for TCC, while that for NTC (IJV) was higher than that for NTC 
(FV). There was no significant difference in catheter survival of 
the same catheter type between phases I and II. The number of 
catheters removed due to catheter-associated problems were 4 
(3.3%), 39 (20.7%), 11 (14.5%), 58 (33.0%), and 53 (31.0%) for 
TCC, NTC (IJV) in phase I, NTC (IJV) in phase II, NTC (FV) 
in phase I, and NTC (FV) in phase II, respectively (p < 0.001). 
The proportion of removals due to catheter-associated problems 
for each catheter decreased after the application of TCC without 
fluoroscopy. 

Fig. 1. Catheter survival rate. (A) Plot by application of TCC (phase I, 65.5% at 1 month and 50.7% at 5 months; phase II, 74.9% at 
1 month and 63.7% at 5 months). (B) Plot according to HD catheter type (NTC [FV], 44.7% at 1 month and 25.6% at 5 months; NTC 
[IJV], 77.6% at 1 month and 61.7% at 5 months; TCC, 98.2% at 1 month and 94.4% at 5 months). TCC, tunneled cuffed catheter; HD, 
hemodialysis; NTC, non-tunneled catheter; FV, femoral vein; IJV, internal jugular vein.
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Cox regression analysis, adjusted for diabetes, serum sodium, 
and old age ( > 65 years), showed a hazard ratio for catheter sur-
vival in phase II of 0.55 (95% confidence interval, 0.37–0.79; 
p = 0.002) (Table 2). We performed subgroup analyses of age, sex, 

Phase I (n=364)

Catheter survival <3 months (n=335)
  Reasons for catheter removal

Use of other access (75, 22.4%)
Withdrawing dialysis  

(65, 19.4%)
Malfunction (65, 19.4%)
Death (58, 17.3%)
Follow-up loss (45, 13.4%)
Infection (25, 7.5%)
Self remove (1, 0.3%)
Bleeding (1, 0.3%)

Catheter survival ≥3 months (n=29)
  Reasons for catheter removal

Use of other access (13, 44.8%)
Malfunction (5, 17.2%) 
Death (4, 13.8%) 
Follow-up loss (3, 10.3%) 
Withdrawing dialysis (2, 6.9%)
Infection (1, 3.4%) 
Exchange to TCC (1, 3.4%) 

A

Phase II (n=367)

Catheter survival <3 months (n=319)
  Reasons for catheter removal

Death (77, 24.1%)
Use of other access (66, 20.7%)
Withdrawing dialysis  

(58, 18.2%)
Follow-up loss (50, 15.7%)
Infection (32, 10.0%)
Malfunction (29, 9.1%)
Bleeding (3, 0.9%)
Self remove (2, 0.6%)
Neck edema (2, 0.6%)

Catheter survival ≥3 months (n=48)
  Reasons for catheter removal

Use of other access (25, 52.1%)
Transfer (9, 18.8%)
Maintenance (8, 16.7%)
Death (3, 6.3%)
Malfunction (1, 2.1%)
Infection (1, 2.1%)
Kidney transplantation  (1, 2.1%)

B

Fig. 2. Study population and reasons of catheter removal by study period and catheter survival at 3 months after catheter insertion in (A) 
phase I, (B) phase II. TCC, tunneled cuffed catheter. 

Fig. 3. Catheter survival rates at 5 months for TCC, NTC (IJV) 
in phase I, NTC (IJV) in phase II, NTC (FV) in phase I, and NTC 
(FV) in phase II were 94.4%, 62.4%, 50.0%, 31.8%, and 17.8%, 
respectively. p<0.001 for TCC vs. the other catheters, NTC (IJV) in 
phase I or II vs. NTC (FV) in phase I or II, p=0.975 between NTC (IJV) 
in two phases, and p=0.494 between NTC (FV) in phases I and II. 
TCC, tunneled cuffed catheter; NTC, non-tunneled catheter; IJV, 
internal jugular vein; FV, femoral vein.

and diabetes. For elderly, male, or non-diabetic patients, there was 
a significantly lower risk of catheter removal due to catheter-asso-
ciated problems in phase II than in phase I (Table 3). We also per-
formed Cox regression analyses for subgroup (Table 4). The mul-
tivariate analysis was adjusted for diabetes mellitus, sex, serum so-
dium level, and phase for the age subgroup; for age, sex, serum so-
dium level, and phase for the diabetes mellitus subgroup; and for 
age, diabetes mellitus, serum sodium level, and phase for the sex 
subgroup. Elderly, diabetics, or male patients showed significantly 
greater overall catheter survival in phase II than in phase I. The 
other results showed similar trends, but statistical significance was 
not observed. 

Among the 14 HD nurses, all reported being satisfied with the 
manipulation during pre-/post-HD, manipulation during HD, 
and overall. Eleven HD nurses (78.6%) reported being satisfied 
with the workload. 

Discussion 

Our study showed that the rate of catheter removal due to cathe-
ter-associated problems was lower in phase II than in phase I. The 
both univariate and multivariate analyses showed that the overall 
catheter survival rate was higher in phase II than in phase I. For el-
derly, male, or non-diabetic patients, there was a significant lower 
risk of catheter removal due to catheter-associated problems in 
phase II than in phase I. For younger, female, or diabetic patients, 
similar trends were shown, but no statistical significance was ob-
served. For elderly, male, or diabetic patients, catheter survival 
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Table 2. Cox regression analyses by variables

Variable
Unadjusted Adjusted

HR (95% CI) p-value HR (95% CI) p-value
Age (ref: ≤65 yr) 1.30 (0.96–1.77) 0.096 1.03 (0.71–1.47) 0.895
Comorbidity (ref: non-DM) 1.31 (0.96–1.79) 0.085 1.28 (0.88–1.85) 0.199
Serum sodium (increase 1 unit) 1.00 (0.97–1.03) 0.872 1.00 (0.97–1.03) 0.979
Phase II (ref: phase I) 0.70 (0.51–0.96) 0.024 0.55 (0.37–0.79) 0.002

The multivariate analysis was adjusted for age, DM, serum sodium level, and phase.
HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.

Table 3. Removal due to catheter-associated problems according to subgroup of age, sex, or diabetes mellitus
Variable Phase I (n=97) Phase II (n=68) p-valuea)

Age<65 yr 41 (17.6) 30 (17.6) 0.120
Age≥65 yr 56 (28.6) 38 (19.3) 0.033
Male sex 56 (27.9) 37 (17.1) 0.008
Female sex 41 (25.2) 31 (20.7) 0.346
Non-diabetes mellitus 57 (28.8) 38 (20.1) 0.047
Diabetes mellitus 40 (24.1) 30 (16.9) 0.095

Values are presented as number (%).
a)Significant differences between phases were determined using Pearson chi-square test.

Table 4. Cox regression analyses of subgroup of age, sex, or diabetes mellitus

Variable
Unadjusted Adjusted

HR (95% CI) p-value HR (95% CI) p-value
Age<65 yr
 Sex (ref: male) 1.26 (0.77–1.95) 0.392 1.23 (0.72–2.11) 0.443
 Comorbidity (ref: non-DM) 1.81 (1.13–2.91) 0.014 1.73 (1.02–2.93) 0.043
 Serum sodium (increase 1 unit) 1.00 (0.96–1.04) 0.911 1.00 (0.96–1.05) 0.927
 Phase II (ref: phase I) 0.71 (0.44–1.13) 0.144 0.65 (0.37–1.12) 0.122
Age≥65 yr
 Sex (ref: male) 0.84 (0.55–1.27) 0.402 1.00 (0.59–1.68) 0.998
 Comorbidity (ref: non-DM) 1.01 (0.67–1.53) 0.947 0.96 (0.57–1.62) 0.885
 Serum sodium (increase 1 unit) 1.00 (0.96–1.03) 0.863 1.00 (0.97–1.04) 0.922
 Phase II (ref: phase I) 0.70 (0.46–1.07) 0.097 0.49 (0.29–0.83) 0.008
Male sex
 Age (ref: ≤65 yr) 1.53 (1.01–2.31) 0.044 1.02 (0.63–1.66) 0.938
 Comorbidity (ref: non-DM) 1.54 (1.01–2.34) 0.044 1.43 (0.86–2.37) 0.167
 Serum sodium (increase 1 unit) 0.99 (0.95–1.02) 0.460 0.99 (0.95–1.02) 0.525
 Phase II (ref: phase I) 0.58 (0.38–0.88) 0.011 0.47 (0.28–0.78) 0.003
Female sex
 Age (ref: ≤65 yr) 1.05 (0.66–1.68) 0.830 0.84 (0.47–1.49) 0.551
 Comorbidity (ref: non-DM) 1.06 (0.67–1.69) 0.799 1.12 (0.64–1.94) 0.701
 Serum sodium (increase 1 unit) 1.01 (0.97–1.06) 0.567 1.02 (0.97–1.06) 0.476
 Phase II (ref: phase I) 0.88 (0.55–1.41) 0.594 0.72 (0.40–1.30) 0.273
Non-DM
 Sex (ref: male) 0.85 (0.56–1.29) 0.452 0.95 (0.59–1.56) 0.850
 Age (ref: ≤65 yr) 0.98 (0.65–1.47) 0.916 0.76 (0.48–1.23) 0.268
 Serum sodium (increase 1 unit) 0.98 (0.95–1.02) 0.346 0.99 (0.95–1.02) 0.508
 Phase II (ref: phase I) 0.83 (0.55–1.25) 0.369 0.68 (0.41–1.11) 0.125
DM
 Sex (ref: male) 1.26 (0.79–2.02) 0.332 1.24 (0.71–2.19) 0.450
 Age (ref: ≤65 yr) 1.79 (1.11–2.89) 0.017 1.44 (0.82–2.52) 0.207
 Serum sodium (increase 1 unit) 1.02 (0.98–1.07) 0.406 1.03 (0.98–1.08) 0.241
 Phase II (ref: phase I) 0.60 (0.37–0.96) 0.033 0.42 (0.23–0.75) 0.003

The multivariate analysis was adjusted for DM, sex, serum sodium level, and phase for the age subgroup; for age, sex, serum sodium level, and phase for 
the DM subgroup; and for age, DM, serum sodium level, and phase for the sex subgroup.
HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus.
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rates were higher in phase II than in phase I. For younger, female, 
or non-diabetic patients, catheter survival was favorable in phase 
II, but statistical significance was not observed. Nurse satisfaction 
rates were higher in phase II than in phase I.  

Fluoroscopy is not always available at HD centers because it is 
expensive and requires materials to protect staff from radiation ex-
posure. TCCs have been inserted in many centers by interven-
tional radiologists familiar with fluoroscopy. TCCs are now being 
inserted by interventional nephrologists who can perform the 
procedures necessary for access management. We wanted to eval-
uate the superiority of TCC without fluoroscopy versus uncondi-
tioned NTC, even when fluoroscopy was not available. Catheter 
outcomes of TCC are undoubtedly better than those of NTC. Ol-
iver reviewed HD catheter infections and showed a higher risk in 
NTC versus TCC [10]. Wang et al. [11] investigated 865 dialysis 
patients and demonstrated a 3.49 odds ratio for catheter dysfunc-
tion in NTC versus TCC on multivariate analysis. Mendu et al. 
[12] showed that TCC had improved dialysis delivery and lower 
mechanical complication rates than NTC. In our study, 4 (3.3%) 
and 161 (26.4%) TCC and NTC catheters were removed due to 
catheter-associated problems, respectively (p < 0.001). However, 
NTC may be used for HD in many centers in which fluoroscopy 
is not easily accessed despite high complication rates of NTC and 
conditions requiring long-term HD. 

In our hospital, all patients requiring HD were inserted using 
NTC regardless of the needs for long-term catheterization during 
phase I. In phase II, although fluoroscopy was not available, we try 
to use TCCs for patients requiring relatively long-term HD. The 
success rate of TCC insertion without fluoroscopy was high and 
only one immediate catheter insertion-related complication was 
observed. In addition, TCC insertion without fluoroscopy signifi-
cantly improved the rates of overall catheter survival and catheter 
removal due to catheter-associated problems. Fluoroscopy is usu-
ally used to identify catheter tip position and prevent arterial cath-
eter insertion or puncture. A previous study compared TCC in-
sertion with or without fluoroscopy and found that TCC inser-
tion without fluoroscopy was associated with reduced immediate 
success rate [13]. However, our study showed favorable results for 
TCC insertion with versus without fluoroscopy and that the ap-
plication of TCC without fluoroscopy improved overall catheter 
survival, catheter-associated complication, and nurse satisfaction 
rates versus unconditioned NTC insertion. 

The KDOQI guideline recommends that TCC be used in pa-
tients requiring dialysis for longer than a week and that TCCs 
should be inserted in centers in which ultrasonography and fluo-
roscopy are available [7]. However, most patients requiring emer-
gent HD cannot be withdrawn from HD within 1 week therefore, 

most HD catheters used for emergent HD are a TCCs. A study 
using a NTC showed that the mean dialysis session was 11.3 ± 6.8 
and catheters were left in place for a mean 19.5 ± 15.3 days [14]. 
Beathard et al. [15] reported 1,765 cases of TCC placement and 
2,262 of TCC exchange. The success rates were 98.24% and 
98.36%, respectively, and the complication rates were 1.42% and 
1.41%, respectively. Motta Elias et al. [16] reported their sin-
gle-center experiences with 130 catheter exchanges from NTC to 
TCC without fluoroscopy. In their study, the catheter survival rate 
was 68.0% at 120 days and the catheter removal rate for a cathe-
ter-associated problem was 37%. However, although this previous 
study was prospective, it involved a single arm and only catheter 
exchange from NTC to TCC. Furthermore, catheter survival was 
lower in the in this previous study than in the present study. In the 
present study, the study period were divided into two phases and 
the TCC survival rate at 5 months was 94.4%. 

This study is limited by its retrospective and single-center na-
ture. Furthermore, we could not evaluate complications during 
HD regardless of catheter removal. In addition, all TCCs were in-
serted by a nephrologist, as practitioner skill can obviously affect 
complication rates. Therefore, we suggest the need for a larger 
prospective multi-center study. 

In summary, our study showed that TCC insertion without flu-
oroscopy can be performed with high success rates. Compared 
with unconditional NTC insertion for HD, the application of 
TCC insertion without fluoroscopy improved the overall catheter 
survival and nurse satisfaction rates. Although fluoroscopy was 
not accessible, TCC insertion without fluoroscopy would help 
improve catheter-related outcomes. 
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Background: Dietary polyunsaturated fatty acids (PUFA) are thought to modify systemic inflam-
mation. The present study aimed to evaluate the relationship between PUFA intake, lung func-
tion, and health-related quality of life (HRQoL) in patients with chronic obstructive pulmonary 
disease (COPD). 
Methods: In this study, we used the dataset of 6th Korea National Health and Nutrition Examina-
tion Survey, in which, a total of 22,948 individuals including 573 participants with a high proba-
bility of developing COPD were enrolled. Participants with missing data for the investigated vari-
ables were excluded. Linear regression analyses were used to evaluate the association between 
PUFA intake (omega-3 [N3], omega-6 [N6], and total) with lung function, and HRQoL. HRQoL 
was determined according to the European Quality of Life-5 Dimensions (EQ-5D). Subgroup 
analysis of older patients was performed. Age, sex, body mass index, smoking, alcohol, education, 
residence, total calorie intake, and predicted FEV1% were adjusted in all analyses. 
Results: Although lung function was not associated with PUFA intake, EQ-5D index was remark-
ably associated with N3, N6, and total PUFA intake in a dose-dependent manner. This association 
was more pronounced in elderly COPD patients. Mean levels of N3, N6, and total PUFA intake 
were significantly higher in patients having better HRQoL with respect to mobility, self-care, and 
usual activities. 
Conclusion: Our results suggest that N3, N6, and total PUFA intake are associated with HRQoL in 
COPD patients. This association may be attributed to mobility, self-care, and usual activities. Fur-
ther longitudinal study is required to clarify this relationship. 

Keywords: Chronic obstructive pulmonary disease; Korea National Health and Nutrition Examina-
tion Survey; Polyunsaturated fatty acid; Quality of life  
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Introduction 

Chronic obstructive pulmonary disease (COPD) is a preventable 
and treatable inflammatory disease characterized by persistent re-
spiratory symptoms and airflow limitation measured by spirome-

try [1]. The disease burden of COPD is steadily increasing, not 
only in western countries but also in Asian countries [2]. Since 
COPD requires constant management, it imposes substantial so-
cial, economic, and medical burdens. For example, a recent multi-
center observational study in Korea showed that 1,245.6 million 
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US dollars were required to provide COPD-related direct and in-
direct medical services [3]. 

The pathogenesis of COPD involves airway and systemic inflam-
matory response [4]. Individuals exposed to noxious particles may 
develop airway inflammation with loss of terminal and transitional 
bronchioles, emphysematous destruction, and lung function de-
clines [5]. Systemic inflammation is associated with poor clinical 
outcome. For instance, Agusti et al. [6] evaluated systemic inflam-
matory biomarkers in peripheral blood and showed that the in-
creased inflammatory reaction in COPD patients is associated with 
increased all-cause mortality and exacerbation frequency. Patients 
with severe disease have an elevated inflammatory burden, as they 
usually experience more rapid decline in lung function, increase in 
severity of symptoms, and frequent exacerbations [7]. Therefore, it 
is important to alleviate inflammatory response not only in the air-
way, but also in the circulatory system. 

Polyunsaturated fatty acids (PUFA) play a role in modifying in-
flammation [8]. For example, a study involving 80 patients with 
COPD, who received 9 g of PUFA or placebo for 8 weeks, 
demonstrated improvement in exercise capacity [9]. Although re-
cent data from a study on US adults with COPD showed that 
omega-3 (N3) PUFA was associated with respiratory symptoms 
[10], this association was not investigated among Korean COPD 
patients. 

In this context, the present study aimed to evaluate the associa-
tion between dietary PUFA, including total, N3, omega-6 (N6) 
PUFA, and disease severity as well as the HRQoL in patients with 
COPD using data from a nationwide representative sample survey. 

Material and methods 

1. Ethics statatement 
The survey protocol of the Korea National Health and Nutrition 
Examination Survey (KNHANES) was approved by the Institu-
tional Review Board of the KCDC (IRB No: 2013-07CON-03-
4C in 2013, 2013-12EXP-03-5C in 2014). Since the KNHANES 
of 2015 was conducted for public welfare, approval of the IRB was 
not required. Written informed consent was obtained from all 
participants before the survey, which was conducted according to 
the Declaration of Helsinki. All procedures were in accordance 
with the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement for observational studies. 

2. Study participants 
The present study used the dataset of the 6th (2013–2015) KN-
HANES. The KNHANES is an annually conducted nationwide 
population-based cross-sectional survey by the Korea Centers for 

Disease Control and Prevention (KCDC) and the Korean Minis-
try of Health and Welfare. The KNHANES was designed as a 
complex sample survey using a multistage sampling method to 
represent the general non-institutionalized Korean population. 
The dataset of the KNHANES is freely accessible online, and de-
tailed survey profiles are described in a previous report [11]. 

The 2013–2015 KNHANES assessed the health and nutrition-
al status of 29,321 South Koreans, and 22,948 responded to the 
survey (response rate 78.3%). The KNHANES collected 
health-related and nutritional information by evaluating laborato-
ry samples, physical examinations, face-to-face interviews, and 
nutritional consumption. Pulmonary function testing (PFT) was 
performed in participants aged over 40 years; thus, 10,109 partici-
pants without PFT results were excluded. Participants with miss-
ing values in other variables (i.e., residential area, education level, 
smoking status, alcohol consumption, body mass index [BMI], 
and European Quality of Life-5 Dimensions [EQ-5D], and nutri-
tion intake) were excluded (n = 6,408). Participants diagnosed as 
asthma by their physician or having medication for asthma were 
excluded (n = 112). Participants with the value of forced expirato-
ry volume in 1 second (FEV1) divided by forced vital capacity 
(FVC) above 70% were excluded, due to the low probability of 
having COPD (n = 5,746). Finally, 573 participants with a high 
probability of having COPD without missing values in the possi-
ble confounding variables were included in the analysis. The study 
flow chart is presented in Fig. 1. 

2013-2015 KNHANES database (n=22,948, response rate 78.3%)

Age <40 years not performed pulmonary function testing were 
excluded (n=10,109).

Participants with FEV1/FVC >70% were excluded (n=5,746).

573 Participants were finally selected.

Participants with missing values in residential area, education, smoking, 
alcohol consumption, body mass index, European Quality of Life-5 
Dimensions, and nutrition information were excluded (n=6,408).

Participants diagnosed as asthma by physician or having medication for 
asthma were excluded (n=112).

Fig. 1. Flow chart of the study using the dataset of the 6th Korea 
National Health and Nutrition Examination Survey (KNHANES). 
FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity.
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3. Data collection and measurements 
PFT was performed using dry rolling seal spirometers (Model 
2130; SensorMedics, Yorba Linda, CA, USA) by highly-trained 
medical technicians. The quality control of the PFT was conduct-
ed according to the standardization guidelines of the American 
Thoracic Society and the European Respiratory Society [12]. 
Participants with FEV1/FVC < 70% were considered to have 
COPD based on the classification of the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) 2020 report. Indices 
of lung function in participants with COPD included FEV1 (L), 
predicted FEV1%, FVC (L), predicted FVC%, FEV1/FVC%, and 
peak expiratory flow (PEF, L/sec). 

Smoking status was categorized into three groups (current, for-
mer, and never) based on the Centers for Disease Control and 
Prevention classification [13]. Current smokers were defined as 
participants who smoked more than 100 cigarettes in his/her life-
time and smoke currently. Former smokers were defined as par-
ticipants who smoked more than 100 cigarettes in his/her life-
time; however, had stopped smoking for more than 1 year. Partici-
pants who never smoked were defined as participants who never 
smoked or smoked less than 100 cigarettes in his/her lifetime. 

The EQ-5D was used to evaluate the HRQoL in participants 
with COPD. The validity and usefulness of the EQ-5D for mea-
suring the quality of life in COPD patients have been demonstrat-
ed previously [14]. The EQ-5D consists of five dimensions to 
measure the quality of life: mobility, self-care, usual activity, pain/
discomfort, and anxiety/depression. The participants were asked 
to select one of the three following responses for each of the five 
dimensions: G1, no problem; G2, some problems; G3, severe 
problems. Furthermore, the EQ-5D index was used to evaluate 
the dose-dependent relationship between PUFA intake and 
HRQoL. The formula for the EQ-5D index has been described in 
a previous report by Nam et al. [15], with higher scores indicating 
higher HRQoL. 

Dietary PUFA intake was measured using a 24-hour recall 
method. The 24-hour recall method is a structured interview for 
estimating the intake of food or drink that an individual partici-
pant consumed during the day. Although the method can have a 
day-to-day variability, the reliability, validity, and reproducibility 
have been previously demonstrated [16]. The amounts of dietary 
N3 PUFA (g/day), N6 PUFA (g/day), and total PUFA (g/day) 
were measured. 

Data regarding socio-economic status and anthropometric in-
dices were measured by trained survey assistants. Residential areas 
were categorized into two groups: urban and rural. Educational 
level was categorized into three groups: middle school or less, 
high school, and college or more. Heavy alcohol consumption 

was defined as ≥ 7 drinks in men and ≥ 5 drinks in women on an 
occasion. The participants were categorized into two groups: 
whether they consumed more than one heavy alcohol drink in a 
week, or not. BMI was categorized based on the Korean Society 
for the Study of Obesity guidelines [17]: underweight ( < 18.5 
kg/m2), normal (18.5–22.9 kg/m2), pre-obese (23–24.9 kg/m2), 
and obese ( ≥ 25 kg/m2). 

4. Statistical analysis 
Since the KNHANES was conducted using a complex, multi-
stage, stratified, and probability verified sample design, all statisti-
cal analyses were performed under complex sample analyses, and 
sampling weights were applied. The sample, therefore, represents 
the non-institutionalized South Korean population.  

Continuous variables (age and spirometric values) were com-
pared using the ANOVA test and presented as a mean value with 
a standardized error. Categorical variables (residence, education, 
smoking status, alcohol consumption, and BMI) were compared 
using a chi-square test and presented as percentages with standard 
errors. Post-hoc analysis was performed with Bonferroni correc-
tion, and p < 0.017 was considered statistically significant between 
groups. 

HRQoL was categorized into five dimensions according to the 
EQ-5D as mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression. The mean estimated level and standard 
error of PUFA intake in the G1, G2, and G3 groups were calculat-
ed using linear regression analysis. The trend for significance be-
tween PUFA intake and HRQoL was evaluated using linear re-
gression analysis considering the G1, G2, and G3 of HRQoL as a 
continuous variable. 

Multivariable linear regression analyses were used to evaluate 
the dose-dependent relationship between N3, N6, total PUFA in-
take, and spirometric values (FEV1% predicted, FVC% predicted, 
and PEF). The association between PUFA intake and HRQoL 
(EQ-5D index) was measured using linear regression analysis. 
Model 1 was adjusted for age and sex. Model 2 was adjusted for 
age, sex, BMI, smoking status, and alcohol consumption. Model 3 
was adjusted for age, sex, BMI, smoking status, alcohol consump-
tion, residence, education, total calorie intake, and predicted 
FEV1%. Prior to placing these variables into the model, a 
multi-collinearity test was performed in order to identify any in-
ter-correlations among the investigated variables. As the distribu-
tion of N3, N6, and total PUFA intake violated the assumption of 
normality and skewed left, the value was log-transformed. Sub-
group analysis was performed in elderly COPD patients. 

All statistical analyses were performed with IBM SPSS version 
24.0 (IBM Corp., Armonk, NY, USA). For all analyses, a p-val-
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ue < 0.05 was considered statistically significant. 

Results 

Baseline characteristics of study participants are presented (Table 1). 
The relationships between N3, N6, and total PUFA intake and 
lung function are presented (Table 2). Lung function, which was 
measured using predicted FEV1%, FVC%, and PEF, was not sig-
nificantly associated with PUFA intake. The association between 
PUFA intake and HRQoL is presented (Table 3). The estimated 
amounts of N3, N6, and total PUFA intake were significantly as-
sociated with mobility and self-care ability in a dose-dependent 
manner, and statistical significance remained after covariate ad-

justment. N3, N6, and total PUFA intake also showed a positive 
association with the capacity of usual activities, although the de-
gree of significance varied with covariates adjustment. Although 
N3 PUFA intake was positively associated with pain/discomfort, 
N6 and total PUFA intake were not. With respect to anxiety/de-
pression, statistical significance was not observed. The associa-
tions between N3, N6, and PUFA intake and the EQ-5D index 
are presented (Table 4). High PUFA intake was significantly asso-
ciated with a better EQ-5D score after covariate adjustment. De-
spite statistical significance, the magnitude of association was low. 
The association in older COPD patients is presented (Table 5). 
The strength of association was intensified in older patients, and 
the same statistical significance was observed. 

Discussion 

In a population-based sample from South Korea, we investigated 
the association between PUFA intake, lung function, and HRQoL 
in patients with COPD defined as FEV1/FVC% < 70%. We ad-
justed for socio-economic status, health behaviors, total calorie 
intake, and predicted FEV1%, and found that N3, N6, and total 
PUFA intake were associated with HRQoL in a dose-dependent 
manner. Specifically, high dodes of N3, N6, and total PUFA intake 
showed a positive association with mobility, self-care, and usual 
activities in COPD patients, whereas there was no significant as-
sociation with pain/discomfort and anxiety/depression. In a sub-
group analysis of older patients (age ≥ 60 years), this association 
was reinforced, supporting the importance of proper nutritional 
supplements in older populations. Our results provide insight re-
garding the association of nutrition intake and HRQoL in patients 
with COPD.  

HRQoL has been an important primary outcome in several 
studies and focus areas in the management of COPD. Triple in-
haled treatments with long-acting beta-agonists, long-acting anti-
cholinergics, and inhaled corticosteroids demonstrated improve-
ment of HRQoL in COPD patients [18]. The evaluation of treat-
ment efficacy and detection of an individual patient’s potential 
risk for psychological and behavioral problems should be feasible 
by assessing their HRQoL [19]. The EQ-5D is a useful descrip-
tive methodology evaluating five dimensions of HRQoL: mobili-
ty, self-care, usual activities, pain/discomfort, and anxiety/depres-
sion. In a previous study measuring the usefulness of the EQ-5D 
score in COPD patients, the correlation of hospital admissions, 
comorbidities, COPD Assessment Test scores, and the Medical 
Research Council scale for dyspnea was observed [20]. Pickard et 
al. [21] compared nine structured research criteria with the validi-
ty and reliability of EQ-5D usage in COPD patients and reported 

Table 1. Baseline characteristics of study participants (n=573) 

Characteristic Total
Age (yr) 57.7±0.5
Man (%) 63.6±2.2
Residential area (%)
 Urban 78.3±2.4
 Rural 21.7±2.4
Education
 Middle school or less 40.8±2.3
 High school 37.7±2.2
 College or more 21.6±1.9
Smoking status
 Current 31.1±2.3
 Former 30.7±2.3
 Never 38.1±2.3
Heavy alcohol consumption (/wk)a)

 <1 64.8±2.2
 ≥1 35.2±2.2
Body mass index (kg/m2, %)
 <18.5 2.2±0.7
 18.5−22.9 39.5±2.4
 23−24.9 27.0±2.2
 ≥25.0 31.2±2.2
Spirometric value

 FEV1 (L) 2.3±0.0

 FEV1%, predicted 75.5±0.7

 FVC (L) 3.7±0.0
 FVC%, predicted 92.1±0.7

 FEV1/FVC% 62.9±0.4

 PEF (L) 6.0±0.1

Values are presented as mean±standard error (SE) or weighted 
percentage±SE.
FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 
PEF, peak expiratory flow.
a)Heavy alcohol consumption was defined as ≥7 drinks in men and ≥5 
drinks in women on an occasion.
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Table 2. Association between lung function parameters and PUFA intake (n=573)

Variable
Predicted FEV 1% Predicted FVC% PEF (L/sec)

Coefficient±SE p-value Coefficient±SE p-value Coefficient±SE p-value
Total PUFA
 Model 1 0.228±1.874 0.903 −1.152±1.860 0.536 0.177±0.182 0.332
 Model 2 0.394±1.897 0.835 −0.806±1.880 0.668 0.195±0.189 0.303
 Model 3 −0.458±1.889 0.809 −1.748±1.844 0.344 0.083±0.188 0.661
N3 PUFA
 Model 1 0.970±1.647 0.556 0.203±1.659 0.903 0.196±0.156 0.207
 Model 2 1.022±1.701 0.549 0.440±1.681 0.794 0.209±0.162 0.197
 Model 3 0.545±1.745 0.894 −0.303±1.650 0.854 0.173±0.162 0.286
N6 PUFA
 Model 1 −0.145±1.804 0.936 −1.411±1.764 0.424 0.145±0.177 0.413
 Model 2 0.022±1.821 0.99 −1.085±1.781 0.543 0.161±0.182 0.376
 Model 3 −0.845±1.813 0.642 −1.946±1.752 0.267 0.033±0.181 0.854

Intake amount of total, N3, and N6 PUFA was log-transformed, because of left-skewed distribution. Model 1 was adjusted for age and sex; model 2 was 
additionally adjusted for body mass index, smoking status, and alcohol consumption; and model 3 was additionally adjusted for residence, education, 
and total calorie intake.
PUFA, polyunsaturated fatty acid; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; PEF, peak expiratory flow; SE, standard error; 
N3, omega-3; N6, omega-6.

Table 3. Estimated amount (g) of daily PUFA intake in COPD patients according to degree of health-related problems (G1, G2, and G3)

Variable
N3 PUFA N6 PUFA Total PUFA

G1 G2 G3 p-value G1 G2 G3 p-value G1 G2 G3 p-value
Mobility  
(prevalence, %)a)

82.6±1.8  16.9±1.8 0.6±0.3 82.6±1.8 16.9±1.8 0.6±0.3 82.6±1.8 16.9±1.8 0.6±0.3

 Model 1b) 1.73±0.1 1.16±0.1 1.15±0.7 <0.001 8.68±0.4 6.53±0.6 4.01±1.4 <0.001 10.32±0.4 7.64±0.6 5.19±2.0 <0.001
 Model 2 1.64±0.1 1.08±0.1 1.03±0.7 <0.001 8.22±0.4 6.23±0.6 3.45±1.4 <0.001 9.79±0.5 7.27±0.6 4.52±1.9 <0.001
 Model 3 1.64±0.1 1.06±0.1 0.99±0.7 <0.001 8.50±0.5 6.73±0.6 3.55±1.8 0.003 10.09±0.6 7.77±0.8 4.60±2.3 0.001
Self-care  
(prevalence, %)

95.0±0.9 5.0±0.9 - 95.0±0.9 5.0±0.9 - 95.0±0.9 5.0±0.9 -

 Model 1 1.65±0.1 1.14±0.2 - 0.006 8.38±0.3 6.28±0.8 - 0.011 9.95±0.4 7.33±0.9 - 0.004
 Model 2 1.56±0.1 1.08±0.2 - 0.01 7.92±0.4 6.04±0.8 - 0.027 9.42±0.4 7.04±0.9 - 0.011
 Model 3 1.55±0.1 1.05±0.2 - 0.005 8.23±0.5 6.48±0.8 - 0.03 9.73±0.5 7.47±0.9 - 0.011
Usual activity 
(prevalence, %)

89.4±1.5 10.2±1.5 0.4±0.3 89.4±1.5 10.2±1.5 0.4±0.3 89.4±1.5 10.2±1.5 0.4±0.3

 Model 1 1.68±0.1 1.19±0.1 1.12±0.3 <0.001 8.45±0.4 6.85±0.8 5.40±1.0 0.03 10.05±0.4 7.95±0.9 6.44±1.2 0.01
 Model 2 1.58±0.1 1.10±0.1 1.03±0.3 0.003 7.99±0.4 6.52±0.8 5.32±0.9 0.021 9.52±0.4 7.54±0.9 6.28±1.1 0.01
 Model 3 1.58±0.1 1.09±0.1 1.06±0.3 0.001 8.29±0.5 6.98±0.8 5.96±0.7 0.075 9.82±0.5 8.00±0.9 6.95±0.9 0.027
Pain/discomfort  
(prevalence, %)

74.7±2.0 22.7±1.9 2.6±0.6 74.7±2.0 22.7±1.9 2.6±0.6 74.7±2.0 22.7±1.9 2.6±0.6

 Model 1 1.70±0.1 1.48±0.1 1.00±0.2 0.026 8.37±0.4 8.05±0.8 7.36±1.4 0.579 10.00±0.4 9.42±0.9 8.27±1.5 0.358
 Model 2 1.60±0.1 1.39±0.1 0.96±0.2 0.05 7.88±0.5 7.66±0.8 7.26±1.4 0.717 9.44±0.5 8.95±0.8 8.14±1.5 0.476
 Model 3 1.59±0.1 1.36±0.1 0.99±0.2 0.046 8.16±0.5 8.02±0.8 8.10±1.4 0.893 9.71±0.6 9.31±0.9 9.01±1.5 0.614
Anxiety/de-
pression  
(prevalence, %)

85.7±1.8 13.1±1.7 1.3±0.5 85.7±1.8 13.1±1.7 1.3±0.5 85.7±1.8 13.1±1.7 1.3±0.5

 Model 1 1.59±0.1 1.94±0.3 0.37±0.1 0.805 8.23±0.4 8.89±1.0 4.17±0.7 0.863 9.74±0.4 10.83±1.2 4.55±0.8 0.988
 Model 2 1.51±0.1 1.87±0.3 0.36±0.1 0.75 7.79±0.4 8.53±1.0 4.38±0.7 0.991 9.23±0.5 10.40±1.2 4.72±0.8 0.882
 Model 3 1.49±0.1 1.87±0.3 0.37±0.2 0.705 8.05±0.5 8.96±1.1 5.42±0.9 0.768 9.48±0.6 10.85±1.2 5.79±1.0 0.687

Comparison of estimated PUFA intake and p-value for trend was measured using multivariable linear regression analysis considering G1, G2, and G3 
as continuous variables. Model 1 was adjusted for age and sex; model 2 was additionally adjusted for body mass index, smoking status, and alcohol 
consumption; and model 3 was additionally adjusted for residence, education, total calorie intake, and predicted FEV1%.
PUFA, polyunsaturated fatty acid; COPD, chronic obstructive pulmonary disease; G1, no problem; G2, some problems; G3, severe problems; N3, omega-3; 
N6, omega-6; FEV1, forced expiratory volume in 1 second.
Estimated prevalence of subjects and amount of PUFA intake according to degree of health-related problems are presented as a)percentage±standard 
error and b)estimated amount of intake±standard error, respectively.
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that the EQ-5D scores were closely related to COPD stages. 
Among the five components of the EQ-5D, mobility is defined 

as the ability to walk, while usual activities refer to an individual’s 
performance at work, study, household, and family/leisure activi-
ties; these two components are associated with daily physical ac-
tivities. Walking ability in COPD patients is further standardized 
by the measurement of the distance covered by walking in 6 min-
utes, and lower mean walking distance is generally considered as a 
poor prognostic factor for mortality [22]. The GOLD report rec-
ommends exercise testing and assessment of physical activity 
based on walking distance to evaluate the effectiveness of pulmo-
nary rehabilitation, which is a key non-pharmacologic manage-
ment technique for COPD patients [23]. Given that physical ac-
tivity is a strong predictor of all-cause mortality in COPD patients 
[22], our results suggest that PUFA intake may correlate with mo-
bility and usual physical activities. However, specific threshold 
amounts of PUFA for improving physical activity is unclear and 
further longitudinal study is required. 

Several previous studies have shown that PUFA is associated 
with HRQoL. In patients with systemic lupus erythematosus 

(SLE) from the United States, N3 PUFA intake, calculated from a 
diet history questionnaire, was found to be beneficial in patient-re-
ported outcomes assessed by the Systemic Lupus Activity Ques-
tionnaire [24]. One randomized controlled trial of 1 g/day N3 
PUFA supplementation demonstrated a reduction of premenstru-
al symptoms and improvement of HRQoL [25]. Another dou-
ble-blind randomized controlled trial of 3 g/day N3 PUFA sup-
plementation for 3 months reported a reduction in several inflam-
matory markers and improvement of HRQoL in chronic hemodi-
alysis patients [26]. Although the association between PUFA and 
HRQoL in patients with COPD is under-recognized, Lemoine S 
et al. [10] suggested that individual factors should be considered 
while determining the association of N3 PUFA intake and symp-
toms. PUFA may be beneficial in other chronic diseases such as 
SLE or chronic kidney disease. PUFA may also have beneficial ef-
fects in patients with COPD in terms of HRQoL. 

There are several possible mechanisms related to this associa-
tion. First, COPD is a chronic airway and systemic inflammatory 
disease, and N3 PUFA might attenuate this inflammatory process. 
Within the inflammatory processes of the human body, N3 

Table 4. Association of PUFA intake with HRQoL in COPD patients (n=573)

Variable
Total PUFA N3 PUFA N6 PUFA

Coefficient±SE p-value Coefficient±SE p-value Coefficient±SE p-value
Crude 0.877±0.147 <0.001 0.813±0.168 <0.001 0.914±0.150 <0.001
Model 1 0.586±0.141 <0.001 0.621±0.171 <0.001 0.602±0.142 <0.001
Model 2 0.549±0.141 <0.001 0.596±0.171 0.001 0.562±0.144 <0.001
Model 3 0.409±0.132 0.002 0.472±0.153 0.002 0.417±0.139 0.003

Multivariable linear regression analyses were performed after log-transforming the value of total, N3, and N6 PUFA because of its left-skewed 
distribution. HRQoL was measured using European Quality of Life-5 Dimensions. Model 1 was adjusted for age and sex; model 2 was additionally 
adjusted for body mass index, smoking status, and alcohol consumption; and model 3 was additionally adjusted for residence, education, total calorie 
intake, and predicted FEV1%.
PUFA, polyunsaturated fatty acid; HRQoL, health-related quality of life; COPD, chronic obstructive pulmonary disease; N3, omega-3; N6, omega-6; SE, 
standard error; FEV1, forced expiratory volume in 1 second.

Table 5. Association of PUFA intake on HRQoL in elderly COPD patients (n=298)

Variable
Total PUFA N3 PUFA N6 PUFA

Coefficient±SE p-value Coefficient±SE p-value Coefficient±SE p-value
Crude 0.838±0.186 <0.001 0.797±0.221 <0.001 0.865±0.186 <0.001
Model 1 0.627±0.197 0.002 0.528±0.224 0.019 0.673±0.201 0.001
Model 2 0.592±0.193 0.002 0.481±0.215 0.026 0.642±0.198 0.001
Model 3 0.532±0.186 0.005 0.354±0.175 0.045 0.532±0.186 0.005

Multivariable linear regression analyses were performed after log-transforming the value of total, N3, and N6 PUFA because of its left-skewed 
distribution.HRQoL was measured using European Quality of Life-5 Dimensions. Model 1 was adjusted for age and sex; model 2 was additionally 
adjusted for body mass index, smoking status, and alcohol consumption; and model 3 was additionally adjusted for residence, education, total calorie 
intake, and predicted FEV1%.
PUFA, polyunsaturated fatty acid; HRQoL, health-related quality of life; COPD, chronic obstructive pulmonary disease; N3, omega-3; N6, omega-6; SE, 
standard error; FEV1, forced expiratory volume in 1 second.
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PUFA, eicosapentaenoic acid and docosahexaenoic acid mediate 
anti-inflammatory responses and several specialized pro-resolving 
mediators (SPMs, resolvins, protectins, and maresins) are synthe-
sized [8]. Resolvin, one of the SPMs, has been associated with 
counter-regulated pro-inflammatory signaling and inflammatory 
resolution pathways in patients with COPD [27]. In a cigarette 
exposed human lung, an experimental study demonstrated that 
resolvin dampened the inflammatory reaction via the production 
of anti-inflammatory cytokines and enhanced phagocytosis of 
macrophages [27]. Second, the susceptibility of PUFA to oxida-
tive stress could contribute to lowering airway inflammation. In-
terestingly, we observed that N6 PUFA was beneficial in improv-
ing HRQoL in COPD patients, although there is conflicting evi-
dence regarding the health-related benefits of N6 PUFA [28,29]. 
PUFA can be easily oxidized due to its unstable hydrogen-carbon 
bonds; an in vivo study demonstrated that N6 PUFA decreased 
serum C-reactive protein [29]. 

Our study has several strengths. This is the first popula-
tion-based epidemiologic study in South Korea showing a rela-
tionship between PUFA intake and HRQoL in patients with 
COPD. These results highlight the importance of nutrient intake 
in patients with COPD to alleviate respiratory symptoms and im-
prove HRQoL. In addition, we adjusted for socio-economic char-
acteristics and health-related behavior, as diet is influenced by an 
individual’s status, as well as social, economic, and cultural factors. 

Despite these strengths, our study has several limitations. First, 
as this is a cross-sectional observational study, the causal relation-
ship is unclear. Although we observed that PUFA intake is associ-
ated with increased HRQoL in COPD patients, the inverse cor-
relation could exist. Second, because the nutritional survey of 
KNHANES was based on a 24-hour recall method, recall bias and 
day-to-day variability should be considered. Third, spirometric 
values were obtained through pre- bronchodilator tests. Fourth, 
information regarding respiratory symptoms, hospital admission 
or exacerbation history, infections within the 4 weeks prior to the 
study, and recent use of corticosteroid was unavailable. Therefore, 
classification based on symptoms or exacerbation (e.g., ABCD 
grouping of the GOLD report) was not feasible. Fifth, which 
PUFA derivative is specifically associated with HRQoL in unclear. 
For example, Noguchi et al. [30] reported that eicosapentaenoic 
acid might improve the quality of life; however, docosahexaenoic 
acid was not beneficial. Finally, smoking status in terms of pack-
years is an important component when assessing long-term in-
flammation and oxidative stress, but the data was not available in 
6th KNHANES data. 

N3, N6, and total PUFA showed a positive correlation with 
HRQoL in patients with COPD. Specifically, mobility, self-care, 

and usual activities might be attributable to the observed associa-
tion between HRQoL and PUFA intake. Further randomized 
prospective studies are required to clarify the health-related bene-
fits of PUFA in patients with COPD. 
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The effectiveness of prophylactic ipsilateral central neck 
dissection in selected patients who underwent total 
thyroidectomy for clinically node-negative unilateral 
papillary thyroid carcinoma 
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Background: Prophylactic central neck dissection (CND) in clinically node-negative (cN0) papil-
lary thyroid carcinoma (PTC) remains controversial. The purpose of this study was to evaluate the 
benefits of prophylactic ipsilateral CND compared with bilateral CND in total thyroidectomy for 
cN0 unilateral PTC. 
Methods: We retrospectively enrolled 174 patients who underwent total thyroidectomies with 
prophylactic CND for cN0 unilateral PTC between January 2009 and May 2010. The prophylactic 
CND patients were divided into group 1, the ipsilateral CND group (n=74), and group 2, the bilat-
eral CND group (n=100). The incidence of central lymph node metastasis (CLNM) and postopera-
tive complications, such as hypoparathyroidism, recurrent laryngeal nerve injury, and recurrence 
were assessed. 
Results: CLNM was found in 22 (29.8%) in group 1 and 69 (69%) in group 2. The incidence of 
postoperative severe hypocalcemia less than 7.0 was also significantly different (six patients 
[8.1%] in group 1 and 23 [23%] in group 2; p=0.009). Permanent hypoparathyroidism was signifi-
cantly more frequent in group 2 (4.1% vs. 19%; p=0.005). However, the incidence of transient hy-
poparathyroidism, recurrence, and recurrent laryngeal nerve injury was not significantly different. 
Conclusion: Prophylactic ipsilateral CND has advantage not only to reduce incidence of some 
complications but also to have similar recurrence rate compared with bilateral CND. We suggest 
that prophylactic ipsilateral CND may be safe and effective for selected patients undergoing total 
thyroidectomy for cN0 unilateral PTC. 
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Introduction 

The treatment of differentiated thyroid carcinoma has shown ex-
cellent outcomes, with a 0.6% recurrence rate and over 95% 10-
year disease-free survival [1]. Nevertheless, there are complica-
tions associated with total thyroidectomies, such as hypoparathy-

roidism, recurrent laryngeal nerve and external branch of the su-
perior laryngeal nerve injury, and locoregional recurrence. The 
risk of these complications may increase with the extent of sur-
gery. Recently, there has been a growing interest in functional 
complications after total thyroidectomy. The typical long-term 
functional complication after total thyroidectomy is permanent 
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hypoparathyroidism, with a 10%–60% incidence [2]. Most endo-
crine surgeons follow a parathyroid preservation principle during 
thyroidectomy; however, hypoparathyroidism can occur because 
of devascularization, thermal or mechanical damage, and inadver-
tent removal of the parathyroid gland. Permanent hypoparathy-
roidism can lead to symptomatic hypocalcemia, the need for life-
time calcium supplementation, and seriously impact the patient’s 
quality of life. Furthermore, the incidence of permanent hypo-
parathyroidism after total thyroidectomy is greatly influenced by 
the experience of the operator and the decision of whether or not 
to perform central neck dissection (CND). 

Central lymph node metastases (CLNM) have been reported 
in approximately 30%–80% of the patients with papillary thyroid 
carcinoma (PTC) [3]. It is difficult to detect metastatic central 
lymph node (LN) by ultrasound preoperatively because, while 
the specificity is 80%–93%, the sensitivity is only 53%–61% [4]. 
Tumor size and extrathyroidal extension are known risk factors 
for ipsilateral CLNM. And ipsilateral CLNM is a significant factor 
in contralateral LNM [3,5-8]. Prophylactic CND is defined as the 
removal of level VI LNs, which includes the pretracheal, prelaryn-
geal, and paratracheal LNs. Prophylactic CND is performed to re-
move occult nodal metastases with negative preoperative assess-
ments. Several studies have reported that patients who underwent 
prophylactic CND had a higher rate of complications and no ef-
fect on survival, and prophylactic CND may not be routinely rec-
ommended [9-12]. Furthermore, according to the 2015 Ameri-
can Thyroid Association (ATA) guidelines, prophylactic CND 
should be considered for patients with advanced primary tumors 
(T3 or T4) and clinically involved lateral neck nodes (cN1b), 
while CND may not be appropriate for small (T1 or T2), clinical-
ly node-negative (cN0) PTC [13]. In contrast, some studies have 
reported that prophylactic CND should be performed because of 
the high incidence of central neck LNM and the poor sensitivity 
of ultrasound [14]. In another study, of the patients who under-
went prophylactic CND with cN0 PTC, 45.8% had central neck 
LNM, 0.9% had recurrent laryngeal nerve injuries, 1.16% had a 
locoregional recurrence, 6.24% had transient hypoparathyroid-
ism, and 0.13% had permanent hypoparathyroidism [15]. Never-
theless, prophylactic CND in cN0 PTC remains controversial. 

Total thyroidectomy without CND helps to reduce the risk of 
hypoparathyroidism and recurrent laryngeal nerve injury, but it 
can leave metastatic LNs because of the high incidence of ipsilat-
eral central compartment LNM. Finally, it can affect locoregional 
recurrence. In contrast, total thyroidectomy with bilateral CND 
has the advantage of identifying and controlling LNM, but it also 
has the disadvantage of increased risks of hypoparathyroidism 
and recurrent laryngeal nerve injury. The incidence of contralater-

al LNM is below 5%. If the risk factors for contralateral LNM are 
not present, ipsilateral CND may be reasonable. We focused on 
the extent of prophylactic CND during total thyroidectomies in 
cN0 PTC patients. The endpoints of this study were (1) the inci-
dence of transient and permanent hypoparathyroidism, (2) tran-
sient and permanent recurrent laryngeal nerve injury, and (3) re-
currence. The aim of this study was to evaluate the benefits of 
prophylactic ipsilateral CND compared with bilateral CND in to-
tal thyroidectomy for cN0 unilateral PTC. 

Materials and methods 

1. Ethics statements 
This study was approved by the Institutional Review Board of 
Yeungnam University Hospital (IRB No: 2019-09-066).  

2. Patients  
We retrospectively enrolled 324 consecutive patients who under-
went total thyroidectomies with prophylactic CND for cN0 uni-
lateral PTC by a single experienced surgeon between January 
2009 and May 2010. The inclusion criteria were patients (1) with 
a final postoperative diagnosis of PTC, (2) who underwent a total 
thyroidectomy with prophylactic CND, (3) had follow-up para-
thyroid hormone (PTH) and calcium testing, and (4) had no evi-
dence of clinical node positivity. The exclusion criteria were pa-
tients (1) without follow-up examinations or laboratory tests, (2) 
concomitant modified radical neck dissection, (3) parathyroidec-
tomy due to parathyroid adenoma, (4) bilateral PTC, (5) 11 male 
sex in only group 1, and (6) other types of pathological results. 
One hundred-fifty patients (bilateral carcinoma, male, modified 
radical neck dissection, lack of follow-up or laboratory tests and 
parathyroidectomy) who met the exclusion criteria were excluded 
among of 324 patients. Finally, 174 patients were divided into two 
groups according to the extent of CND. Seventy-four patients in 
group 1 underwent prophylactic ipsilateral CND with total thy-
roidectomy and 100 patients in group 2 received prophylactic bi-
lateral CNDs with total thyroidectomy. Ipsilateral CND was de-
fined as the removal of ipsilateral paratracheal, pretracheal, and 
prelaryngeal LNs. Bilateral CND was defined as the removal of 
paratracheal, pretracheal, and prelaryngeal LNs. All patients re-
ceived prophylactic ipsilateral CNDs and whether or not a pro-
phylactic bilateral CND was performed depended on the frozen 
biopsy result of the ipsilateral LN and enlarged contralateral LN 
intraoperatively. 

3. Study design 
Patients with intraoperative findings, such as parathyroid color 
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change and autotransplantation, were excluded because of subjec-
tive evidence. Robotic or endoscopic thyroidectomies were also 
excluded because those techniques offer magnified views that can 
make it easier for the surgeon to preserve the parathyroid. We 
classified PTC according to the American Joint Committee on 
Cancer 7th edition and minimal extrathyroidal extension was cat-
egorized as T3. The indications for radioactive iodine ablation 
were extrathyroidal extensions and LN involvement. We reviewed 
basic characteristics of the patients (age, tumor location, size, mul-
tifocality, concomitant benign tumor, and length of the lobe), his-
topathological factors (lymphocytic thyroiditis, extrathyroidal ex-
tension, margin status, number of retrieved LN, metastasis, and 
parathyroid on tissue) and laboratory tests (postoperative PTH 
and calcium). We investigated the incidence of transient and per-
manent hypoparathyroidism, transient and permanent hoarse-
ness, and recurrence by reviewing the patients’ medical records. 
Recurrence was defined as tumor in the thyroidectomy bed or 
metastatic central or lateral cervical LN after surgery. Recurrent 
laryngeal nerve injury was assessed by patient’s self-assessment 
and physician’s objective assessment. Permanent recurrent laryn-
geal nerve injury was defined as persistent hoarseness and vocal 
cord palsy identified with laryngeal examination more than 6 
months after surgery. Through this study, we sought to find evi-
dence for two hypotheses. The first hypothesis is that prophylac-
tic CND during total thyroidectomy in cN0 PTC should not be 
routinely discounted because of the rate of incidentally found 
CLNM. And second, prophylactic ipsilateral CND is more advan-
tageous than bilateral CND according to the complication rate. 

4. Hypoparathyroidism 
Hypoparathyroidism was defined as PTH levels < 10 pg/mL 
(range, 10–65 pg/mL). Transient hypoparathyroidism was de-
fined when a low PTH level returned to normal within the fol-
low-up period. And permanent hypoparathyroidism was defined 
as PTH < 10 pg/mL with persistent low PTH levels during fol-
low-up. PTH was tested on postoperative 1 day and then at annu-
al follow-ups. Calcium levels less than 8.5 mg/dL were classified 
as hypocalcemia. We tested calcium level perioperatively, then 
regularly at follow-up. Calcium and vitamin D supplements were 
used to maintain the calcium and vitamin D levels as close to nor-
mal as possible, regardless of the patient’s symptoms.  

5. Statistical analyses  
Chi-squared tests or Fisher exact test or linear and linear associa-
tion was used to compare the categorical variables. Student t-tests 
were used for continuous valuables, which are expressed as 
mean ± standard deviation. All statistical analyses were performed 

using IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA) 
and p-values < 0.05 indicated statistical significance. 

Results 

1. Patient characteristics 
Table 1 shows a comparison of the characteristics of patients be-
tween the two groups. One hundred seventy-four patients were 
included in this study, of which 74 were assigned to group 1 and 
100 to group 2 according to the extent of CND. All 174 patients 
were female. The mean age of the patients was 47.8 ± 11.2 years 
and 45.1 ± 10.2 years and the mean tumor size was 0.8 ± 0.5 cm 
and 0.9 ± 0.6 cm in groups 1 and 2, respectively. There was no sig-
nificant difference in age, tumor size, location, multifocality, 
length of dominant lobe, minimal extrathyroidal extension, lym-
phocytic thyroiditis, positive margin or stage between the groups. 
However, radioactive iodine ablation was different in 31 patients 
(41.9%) and 62 patients (62%) in groups 1 and 2, respectively 
(p = 0.009). The mean follow-up period was 118.2 ± 4.6 and 
115.5 ± 4.1 months in groups 1 and 2, respectively (p < 0.001). 

Table 1. Patient characteristics

Characteristic Group 1 
(n=74)a)

Group 2 
(n=100)b) p-value

Female sex 74 100 NA
Age (yr) 47.8±11.2 45.1±10.2 0.097
Age<45 yr 28 (37.8) 42 (42) 0.580
Tumor size (cm) 0.8±0.5 0.9±0.6 0.736
Tumor location 0.850
 Upper 14 (18.9) 24 (24)
 Middle 52 (70.3) 65 (65)
 Lower 5 (6.8) 6 (6)
 Isthmus 3 (4) 5 (5)
Multifocality 14 (18.9) 16 (16) 0.614
Length of dominant lobe 4.8±0.8 4.6±0.7 0.096
Minimal extrathyroidal extension 43 (58.1) 66 (66) 0.287
Lymphocytic thyroiditis 17 (23) 34 (34) 0.114
Margin positivity 10 (13.5) 13 (13) 0.675
Stage 0.614
 I 45 (60.8) 57 (57)
 III 29 (39.2) 43 (43)
Calcium replacement 59 (79.7) 88 (88) 0.136
RI ablation 31 (41.9) 62 (62) 0.009
Follow-up (mo) 118.2±4.6 115.5±4.1 <0.001

Values are presented as mean±standard deviation or number (%).
NA, not applicable; RI, radioactive iodine; CND, central neck dissection.
a)Group 1, ipsilateral CND group. b)Group 2, bilateral CND group.
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2. Central neck dissection: ipsilateral versus bilateral 
The number of ipsilateral paratracheal LNs was 3.8 ± 2.8 and 
4.8 ± 3.1 in groups 1 and 2, respectively (p = 0.034). The number 
of pretracheal and prelaryngeal LNs were 0.6 ± 1.2 and 1.8 ± 2.3, 
respectively (p < 0.001). Ipsilateral paratracheal LNM was found 
in 21 patients (28.4%) and 44 patients (44%) in groups 1 and 2, 
respectively (p = 0.035). Pretracheal LNM was found in one pa-
tient (1.4%) and 15 patients (15%) in each group (p = 0.002). 
Contralateral paratracheal LNM was 10 (10%) in group 2. The fi-
nal pathologic results showed that the parathyroid gland was inad-
vertently removed in 15 patients (20.3%) and 22 patients (22%) 
in groups 1 and 2, respectively. Among these, the ipsilateral para-
thyroid was removed in 12 patients (16.2%) and 12 patients 
(12%) (p = 0.425) in groups 1 and 2, respectively, the contralater-
al parathyroid in 2 (2.7%) and 8 (8%) (p = 0.193) and both in 1 
(1.4%) and 2 (2%). There was no significant difference in the re-
moval of parathyroid glands inadvertently between the groups 
(Table 2). 

3. Postoperative parathyroid hormone and calcium levels 
The postoperative PTH and calcium level are shown in Table 3. 
Postoperative PTH levels were measured at 1 day, 1 year, and 2 
years then annually at follow-up. By linear and linear association, 
there was a decreasing trend of the hypoparathyroidism 
(PTH < 10 pg/mL) over time (p < 0.001). The 1-day PTH levels 
(average) were significantly different (19.3 ± 12.1 in group 1 and 
13.2 ± 9.4 in group 2; p < 0.001). One-year PTH levels (average) 
were 22.9 ± 10.2 and 19.6 ± 10.6 (p = 0.003) and 2-year PTH lev-

els (average) were 26.1 ± 10.9 and 19.6 ± 10.6 in groups 1 and 2, 
respectively (p < 0.001). The calcium levels in groups 1 and 2, re-
spectively, were 9.1 ± 0.5 and 8.9 ± 0.4 preoperatively and 8.1 ± 0.6 
and 7.8 ± 0.6 postoperatively. The perioperative calcium levels 
were not different (1.0 ± 0.7 in group 1 and 1.1 ± 0.6 in group 2; 
p = 0.302). But there was a significant difference in the incidence 
of postoperative severe hypocalcemia defined as calcium lev-
els ≤ 7.0 mg/dL (6 patients [8.1%] in group 1 and 23 [23%] in 
group 2; p = 0.009).  

4. Hypoparathyroidism, recurrent laryngeal nerve injury, 
and recurrence  
Postoperative transient hypoparathyroidism was observed in 25 
patients (33.8%) and 38 patients (38%) (p = 0.527), whereas per-
manent hypoparathyroidism occurred in three patients (4.1%) 
and 19 patients (19%) in groups 1 and 2, respectively. There was 
significant difference in the incidence of postoperative permanent 
hypoparathyroidism (p = 0.005). Transiently recurrent laryngeal 
nerve injury after total thyroidectomy with CND was estimated 
through medical record review, at 14 patients (18.9%) and 17 pa-
tients (17%) in groups 1 and 2, respectively (p = 0.744). Perma-
nently recurrent laryngeal nerve injury totally occurred in three 
patients (1.7%). One patient in group 1 underwent nerve shaving 
because of recurrent laryngeal nerve invasion. In two patients in 
group 2, one patient received nerve repair and returned to a nor-
mal voice after 6 months. Laboratory tests and ultrasound exam-
ination were performed every 6 months until 2 years after surgery 

Table 2. Comparison of ipsilateral versus bilateral prophylactic 
central neck dissection

Variable Group 1 
(n=74)a)

Group 2 
(n=100)b) p-value

Numbers of retrieved LN
 Ipsilateral paratracheal LN 3.8±2.8 4.8±3.1 0.034
 Pretracheal and prelaryngeal LN 0.6±1.2 1.8±2.3 <0.001
 Contralateral paratracheal LN 0 4.0±3.0 NA
Metastasis in level VI LN
 Ipsilateral paratracheal LN 21 (28.4) 44 (44) 0.035
 Pretracheal and prelaryngeal LN 1 (1.4) 15 (15) 0.002
 Contralateral paratracheal LN 0 10 (10) NA
Parathyroid in tissue
 Ipsilateral 12 (16.2) 12 (12) 0.425
 Contralateral 2 (2.7) 8 (8) 0.193
 Both 1 (1.4) 2 (2) NA

Values are presented as mean±standard deviation or number (%).
LN, lymph node; NA, not applicable; CND, central neck dissection.
a)Group 1, ipsilateral CND group. b)Group 2, bilateral CND group.

Table 3. Postoperative PTH and calcium level

Factor Group 1 
(n=74)a)

Group 2 
(n=100)b) p-value

Postoperative PTH (<10 pg/mL) <0.001
 1 Day 28 (37.8) 57 (57)
 1 Year 6 (8.1) 23 (23)
 2 Years 3 (4.1) 19 (19)
Postoperative PTH (pg/mL) 
 1 Day 19.3±12.1 13.2±9.4 <0.001
 1 Year 22.9±10.2 18.3±9.6 0.003
 2 Years 26.1±10.9 19.6±10.6 <0.001
Preoperative Ca 9.1±0.5 8.9±0.4 0.029
Postoperative Ca 8.1±0.6 7.8±0.6 0.007
Difference of Ca  

(perioperative level)c)
1.0±0.7 1.1±0.6 0.302

Postoperative Ca≤7.0  
(severe hypocalcemia)

6 (8.1) 23 (23) 0.009

Values are presented as mean±standard deviation or number (%).
PTH, parathyroid hormone; Ca, calcium; CND, central neck dissection.
a)Group 1, ipsilateral CND group. b)Group 2, bilateral CND group.  
c)Perioperative level=postoperative−preoperative calcium level.
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and then annually during follow-up. Among the 174 patients, only 
two patients (1.1%) had a recurrence. Contralateral paratracheal 
LNM was found in one patient in group 1, 8 years after surgery 
and another in group 2 was identified with lateral neck LNM 3.5 
years after surgery (Table 4). 

Discussion 

Prophylactic CND (ipsilateral or bilateral) can be considered in 
cN0 PTC with advanced tumors (T3 or T4) or cN1b [13]. Other 
study reported routine prophylactic CND is a treatment option 
for cN0 PTC [15]. It remains controversial. Our study uniquely 
compared ipsilateral with bilateral CND according to the extent 
of prophylactic CND. Furthermore, no previous studies have re-
ported the details of postoperative hypoparathyroidism among 
CND groups. The starting point of our study was whether the 
need for prophylactic CND could be discounted. Our study was 
subject to two well-known facts. First, there is a relatively higher 
possibility of complications in CND patients than in non-CND 
patients. Second, there is a high incidence of CLNM incidentally 
in cN0 PTC patients. Surgeons might feel comfortable when only 
thyroidectomy is performed through capsular dissection, which 
can lead to decreased operative times and easy preservation of the 
parathyroid. Until now, the main idea was not to perform a pro-
phylactic CND, which is prudent, except in the case of large tu-
mors and clinically suspicious factors. Nevertheless, many endo-
crine surgeons might feel uneasy because of the high incidence of 
CLNM. If prophylactic CND is not preformed, the status and 
number of metastatic LNs cannot be determined. Ipsilateral 
CLNM might lead to contralateral central LN and lateral neck 
LNMs. Whether microscopic metastasis of the central LNs 

should be ignored is still debatable. However, it is clear that pro-
phylactic CND has an important role in controlling metastatic 
LNs found incidentally. The incidence of recurrent laryngeal 
nerve injury can decrease according to the surgeon’s experience 
but the preservation of the parathyroid is more complex. To pre-
serve the parathyroid more experience and strong preservation 
intent are needed. CND is known to be associated with a higher 
incidence of hypoparathyroidism. We considered how to decrease 
the incidence of hypoparathyroidism and to get similar oncologic 
safety. Finally, we focused on prophylactic ipsilateral CND after 
considering the pros and cons of prophylactic CNDs. The aim of 
our study was to evaluate the benefits of prophylactic ipsilateral 
CND with total thyroidectomy in cN0 PTC patients. 

Several studies have reported the risk factors of central and later-
al neck LNM [7,14,16,17]. Male sex, age ( > 45 years), tumor size 
( > 5 mm), lower lobe, total tumor diameter ( > 10 mm), and extra-
capsular spread were statistically significant factors for CLNM in 
multivariate analysis [7]. One study showed that young age (<45 
years), male sex, extrathyroidal extension, multifocal tumors, bilat-
erality, and tumor size ( ≥1 cm) were significant factors for 
CLNM, except in Hashimoto’s thyroiditis [15]. Based on the 
above studies, the common risk factors for CLNM were young age, 
male sex, tumor size, and extrathyroidal extension. Furthermore, 
several studies found that CLNM was a significant risk factor for 
lateral neck LNM [18-20]. If some risk factors for CLNM are pres-
ent preoperatively, prophylactic CND must be considered to con-
trol CLNM and reduce the possibility of lateral neck LNM. How-
ever, the role of prophylactic CND remains controversial, despite 
the high incidence of CLNM. A previous study found no signifi-
cant difference in locoregional recurrence with or without CND 
and routine CND did not reduce lateral neck recurrence in cN0 
PTC patients [21]. Higher complication rates and similar recur-
rence rates were found in patients who underwent total thyroidec-
tomies with CND than total thyroidectomies alone. Specifically, 
transient hypocalcemia was significantly higher in total thyroidec-
tomies with CND [12]. CND is associated with higher rates of 
transient hypoparathyroidism (12.6% in total thyroidectomy, 
23.3% in total thyroidectomy with ipsilateral CND, and 36.7% in 
total thyroidectomy with bilateral CND) and a total thyroidecto-
my alone may be adequate treatment for patients with cN0 PTC 
[21]. However, recently, one study reported that CND reduced lo-
coregional recurrence (6.9% difference at 10 years) [22]. Total 
thyroidectomy with CND resulted in a greater reduction in local 
recurrence than total thyroidectomy alone. Additionally, total thy-
roidectomy with bilateral CND showed significantly lower recur-
rence than total thyroidectomy alone [23]. This raises a question 
regarding how recurrence was assessed. Most studies used ultraso-

Table 4. Hypoparathyroidism, recurrent laryngeal nerve injury, and 
recurrence after total thyroidectomy with ipsilateral or bilateral 
CND

Variable Group 1 
(n=74)a)

Group 2 
(n=100)b) p-value

Hypoparathyroidism
 Transient 25 (33.8) 38 (38) 0.527
 Permanent 3 (4.1) 19 (19) 0.005
Recurrent laryngeal nerve injury
 Transient 14 (18.9) 17 (17) 0.744
 Permanent 1 (1.4) 2 (2) NA
Recurrence 1 (1.4) 1 (1) NA

Values are presented as number (%).
CND, central neck dissection; NA, not applicable.
a)Group 1, ipsilateral CND group. b)Group 2, bilateral CND group.
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nography to assess preoperative and recurrent CLNM. However, 
in our experience, most paratracheal LNs were classified as inde-
terminate by preoperative ultrasonography. Furthermore, we per-
formed regular ultrasonographic examinations during follow-up. 
At that time, it was difficult to identify LNM by ultrasonography. 
Hypoechoic lesions or indeterminate LNs at paratracheal lesions 
were often found postoperatively which were difficult to com-
pletely assess, unless fine needle aspiration was performed. Actual 
CLNM recurrence might not be detected because of ambiguous 
ultrasonographic results. This hypothesis can explain why the no-
CND group had a recurrence rate similar to the CND group but a 
high incidence of CLNM. Preoperative ultrasonography has a 
77% detection rate for LNM. Detection of CLNM using ultra-
sound, which has 92% specificity, 81% positive predictive value, 
51% sensitivity, and 76% negative predictive value, is difficult 
[24,25]. Another study also reported the poor diagnostic accura-
cy of ultrasound for CLNM. Prophylactic CND is recommended 
due to the low diagnostic efficacy of ultrasound and high inci-
dence of CLNM [14]. As discussed above, prophylactic CND can 
remove up to 50% of the metastatic LN unidentifiable in ambigu-
ous ultrasound results. 

Hypoparathyroidism is a common complication after total thy-
roidectomy, which was transient in 6.9%–46% of the patients and 
permanent in 0%–10% of the patients. During surgery, the para-
thyroid gland can be damaged by thermal or mechanical injury, 
vascular injury, or removed inadvertently [26]. Permanent hypo-
parathyroidism is usually defined as PTH levels below normal for 
more than 1 year. However, in our study, it was defined as per-
sistent PTH levels below normal at follow-up because there have 
been many cases where PTH levels were shown to improve or de-
crease after 1 year. Large tumors ( ≥ 4 cm) or gross extrathyroidal 
extension were significant factors for permanent hypoparathy-
roidism postoperatively. Of 65 patients who underwent total thy-
roidectomies with bilateral CND, postoperative transient and per-
manent hypoparathyroidism were found in 44 (68%) and 12 
(18%), respectively [27]. Other study showed the risk factors of 
hypoparathyroidism following total thyroidectomy with CND. 
Of 903 patients who underwent total thyroidectomy plus CND, 
399 patients (44.2%) had transient hypoparathyroidism and 10 
patients (1.1%) had permanent hypoparathyroidism. On multi-
variate analysis, female, nonuse of carbon nanoparticles, parathy-
roid autotransplantation, accidental parathyroid resection and bi-
lateral CND were the independent factors of transient hypopara-
thyroidism. Nonuse of carbon nanoparticles and a tumor in the 
upper pole of thyroid gland were significant risk factors for perma-
nent hypoparathyroidism [28]. Our study found severe postoper-
ative hypocalcemia (calcium level ≤ 7.0) in six patients (8.1%) 

and 23 patients (23%) in groups 1 and 2, respectively (p = 0.009). 
Parathyroid was found on the tissue in 15 (20.3%) of the ipsilater-
al CND patients and 22 (22%) bilateral CND patients. Perma-
nent hypoparathyroidism was found in three patients (4.1%) and 
19 patients (19%) in groups 1 and 2, respectively (p = 0.005). 
CND was associated with a higher incidence rate of hypoparathy-
roidism and complications. As shown in our study, 21 and 44% of 
the ipsilateral CLNM was found in cN0 PTC patients incidental-
ly. In contrast, the incidence of permanent hypoparathyroidism 
and severe hypocalcemia (calcium level ≤ 7.0) in the ipsilateral 
CND group was significantly lower than in the bilateral CND 
group. The above results show that ipsilateral CND has the advan-
tages of decreasing complication. A limitation of our study was 
that it was based on treatments performed 10 years ago. At that 
time, we focused on complete resection of the tumor burden, 
rather than preservation of the parathyroid. In conclusion, there 
were many cases of parathyroid present on removed tissue. Fur-
thermore, we were notified of the loss of parathyroid inadvertent-
ly after surgery. If the inadvertent removal of parathyroid could be 
corrected, we could confidently state the advantages of ipsilateral 
CND. In group 2, there were higher incidence of RI ablation 
(41.9% vs. 62%; p = 0.009) and ipsilateral LNM (28.4% vs. 44%; 
p = 0.035). These could be caused by advanced disease than ex-
tent of CND. There were many cases of total thyroidectomy de-
spite tumor size less than 1 cm, because of contralateral nodule or 
patient’s preference. It might be a variable in determining the role 
of prophylactic ipsilateral CND. 

In conclusion, our study showed lower permanent hypopara-
thyroidism and severe hypocalcemia rates in prophylactic ipsilat-
eral CND compared with bilateral CND patients. Furthermore, 
there was no significant difference in recurrence rate between 
groups. We suggest that prophylactic ipsilateral CND may be safe 
and effective for selected patients undergoing a total thyroidecto-
my for cN0 unilateral PTC. 
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Background: Among the different aims of medical education, the provision of society with skilled, 
professional, and knowledgeable healthcare workers who maintain and develop their expertise 
over a lifetime career is important. The achievement of this goal is linked with the professional 
development of both faculty members and healthcare workers. This study aims to measure the 
perception of faculty members regarding their views about the goals of faculty development pro-
grams, practices and activities, and factors that determine their achievement. 
Methods: A cross-sectional survey was conducted in multiple universities in the Western region 
of Saudi Arabia. The participants were given a pre-designed self-administered questionnaire gen-
erated from literature. The survey questionnaire consisted of three sections that were designed to 
assess the faculty members’ perception on the faculty development program. 
Results: A total of 210 faculty members participated in the study. The most important perceived 
goal was to motivate teachers to become better teachers. The most important perceived practice 
was establishing a positive climate for teaching and learning. The most important perceived fac-
tor was skilled and dedicated staff support. 
Conclusion: The results of this study demonstrate that faculty members have positive perceptions 
regarding all aspects of faculty development programs. This study will raise awareness regarding 
the importance of faculty development programs in sustaining educational vitality. We recom-
mend the implementation and maintenance of comprehensive faculty development programs in 
Saudi universities. 
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Introduction 

Medical education in Saudi Arabia has come a long way since its 

inception, and continued progress will rely on faculty develop-
ment, which encompasses all formal and informal activities of 
health professionals who pursue to improve their knowledge, 
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skills, and behaviors in both individual and group settings. The 
need for faculty development programs is crucial in medical 
schools in Saudi Arabia for several reasons. First, throughout the 
last decade, there has been a tremendous increase in the number 
of medical students, which will drive demand for quality medical 
education [1,2]. Second, fast paced innovations in medical educa-
tion have taken place over the last two decades, and it is critical to 
keep up with them [3,4]. Third, continuous changes in learning 
methods have occurred (e.g., adaptation of learning theories in 
the methodology of teaching, e-learning, simulation, etc.), and 
faculty need to be aware of them [5]. Fourth, continuous ad-
vancement of technology in medical treatment and management 
have occurred, and students must receive training in them. Fifth, 
new assessment methods and tools have been developed (e.g., ob-
jective structured clinical examination [OSCE], objective struc-
tured practical examination [OSPE], mini-clinical evaluation ex-
ercise [miniCEX]), and their appropriate application underpins 
high quality patient care. Additionally, there are other compelling 
factors that could possibly affect the performance of faculty mem-
bers. These include the absence of formal training in academic 
roles, multicultural distribution of faculty members in the depart-
ment, different orientations and practices in regard to teaching 
methodologies, multiple professional job roles (e.g., physician, ed-
ucator, researcher), heavy workloads, different work assignment 
(e.g., lecturer, committee chairman), and numerous professional 
and personal appointments [6-10]. Faculty development pro-
grams need to address these issues. 

In 2010, the world celebrated the centenary of Abraham Flex-
ner’s seminal report on the transformation of American medical 
schools. This report established the structure of the basic medical 
education in existence today [11]. Medical education is a lifelong 
affair with its three different phases—undergraduate, postgradu-
ate, and continuing professional development of practicing clini-
cians. Among the different aims of medical education, the provi-
sion of society with skilled, professional, and knowledgeable 
healthcare workers who maintain and develop their expertise over 
a lifetime career is important. The achievement of this goal is 
linked with the professional development of both faculty mem-
bers and healthcare workers [12]. In this study, we tried to mea-
sure the perception of faculty members from multiple universities 
in the Western region of Saudi Arabia regarding their views about 
the goals of the faculty development program, practices and activ-
ities, and factors that determine their achievement. 

Materials and methods 

The Institutional Review Board (IRB) of King Abdullah Interna-

tional Medical Research Center (KAIMRC) approved this study 
(IRB No: IRBC/430/16). 

A cross-sectional survey was conducted in six universities in the 
Western region of Saudi Arabia. Data collection began in August 
2016 and was completed in August 2017. Inclusion criteria in-
cluded faculty members who were employed full-time or joint ap-
pointees, working for the last two years, teaching with or without 
clinical teaching assignments, and had attended or participated in 
any faculty development program. This sample included different 
levels of teachers (clinical and pre-clinical) with variable experi-
ence. Faculty members who were newly employed, part-timers, 
and under the non-teaching category were excluded from the 
study. This study employed the consecutive sampling technique 
in the selection of respondents based on the eligibility criteria. 

The participants were given a pre-designed self-administered 
questionnaire generated from the literature [7-10,13,14]. The 
survey questionnaire was personally distributed among the re-
spondents to be able to maximize the number of completed ques-
tionnaires and allow respondents to ask questions. In order to im-
prove the response rate of faculty members, the purpose of the 
study and its impact on improving the faculty development pro-
gram were explained with each distributed questionnaire. 

The survey questionnaire consisted of three sections that were 
designed to assess the faculty members’ perception on the faculty 
development program. These sections captured (1) the respon-
dents’ views about the stated goals of the faculty development 
program, (2) practices and activities, and (3) factors that deter-
mine whether program goals have been achieved. The question-
naire utilized a five-point Likert scale with five scaled options per 
item (1, not at all important; 2, not very important; 3, moderately 
important; 4, important; 5, very important). In addition, a demo-
graphic profile of the participants was collected to identify their 
backgrounds and work experience that might influence their per-
ceptions of the faculty development program. 

To ensure the content validity of the questionnaire, it was ini-
tially submitted to a panel of experts in the faculty development 
program for review, and modifications were made accordingly. A 
pilot testing was conducted, and Chronbach α for internal consis-
tency was calculated, which demonstrated high reliability. In addi-
tion, factor analysis was performed to determine the question-
naires’ scales and subscales consistency. 

Data were collected and analyzed using the IBM SPSS version 
23.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics, such 
as means, median, and standard deviation, were used to summa-
rize quantitative variables like age. Qualitative variables, such as 
sex, were summarized using frequencies and percentages. 

To ensure the confidentiality of information, all questionnaires 
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were anonymous. Furthermore, the cover page of each question-
naire explained the confidentiality issues, included instructions on 
how to complete the questionnaire, and participants’ consent to 
participate in the study was taken into account. 

Results 

A total of 210 faculty members participated in the study. The ma-
jority of the participants (56.7%; 119 participants) were from 
King Saud bin Abdulaziz University for Health Sciences, followed 
by Batterjee College (13.8%; 29 participants), Taif University 
(10.5%; 22 participants), Ibn Sina National College for Medical 
Studies (8.6%; 18 participants), Umm Al-Qura University (7.1%; 
15 participants), and Rabigh University (3.3%; 7 participants). 
The majority were full-time faculty members representing 81.4% 
of the total sample. Most of the participants were above 40 years 
of age (169 participants) representing 80.5%. The sex distribution 
showed that the majority of the participants were males (158 par-
ticipants) representing 75.2%, while only 50 (23.8%) were fe-
males, and two (1%) did not specify their sex. More than 50% of 
the participants were PhD holders (67.1%; 141 participants), fol-
lowed by master’s degree (21%; 44 participants), and bachelor’s 
degree holders (9%; 19 participants). The distribution of academ-
ic positions of the participants showed that 114 (54.3%) were as-
sistant professors, 39 associate professors (18.6%), 32 professors 
(15.2%), 18 lecturers (8.6%), and seven teaching assistants 
(3.3%). Regarding the length of teaching experience, 110 partici-
pants (52.4%) had experience of between 3 and 10 years, 33 
(15.7%) had less than 2 years of teaching experience, and only 21 
(10%) had more than 20 years of teaching experience (Table 1). 

As shown in Table 2, the faculty members’ views about the stat-
ed goals of the faculty development program, the most important 
perceived goal was to motivate teachers to become better teachers 
(4.73 ± 2.99), followed by improving students’ learning 
(4.51 ± 0.74) and enhancing the value of teaching effectiveness 
(4.47 ± 0.63). The items that were evaluated as important but 
were least highly rated were to serve personal needs (3.83 ± 1.01), 
to facilitate effective pedagogy (4.07 ± 0.81), and to foster faculty 
career development (4.09 ± 0.83). 

As shown in Table 3, the faculty members’ perception of the 
faculty development program practices and activities, the most 
important perceived practice was establishing a positive climate 
for teaching and learning (4.45 ± 0.71), followed by providing re-
sources (4.37 ± 0.71) and teaching improvement workshops 
(4.31 ± 0.78). The items that were evaluated as important but 
were the least highly rated were providing faculty mentoring 
(3.91 ± 0.84), personal assessment program (4.02 ± 0.85), and 

being visible and accessible (4.05 ± 0.93).  
As shown in Table 4, the faculty members’ perception of factors 

that determine whether the goals of the faculty development pro-

Table 1. Demographic profile of the participants

Item Frequency (%)
Name of university
 KSAU-HS 119 (56.7)
 BC 29 (13.8)
 TU 22 (10.5)
 ISNCMS 18 (8.6)
 UQU 15 (7.1)
 RU 7 (3.3)
Employment status
 Full time 171 (81.4)
 Joint appointees 39 (18.6)
Age range (yr)
 25−30 4 (1.9)
 31−35 9 (4.3)
 36−40 26 (12.4)
 41−45 64 (30.5)
 46−50 51 (24.3)
 ≥51 54 (25.7)
 Unclassified 2 (1.0)
Sex
 Male 158 (75.2)
 Female 50 (23.8)
 Unclassified 2 (1.0)
Educational attainment
 Bachelor 19 (9.0)
 Master 44 (21.0)
 PhD 141 (67.1)
 Unclassified 6 (2.9)
Academic position
 Teaching assistant 7 (3.3)
 Lecturer 18 (8.6)
 Assistant professor 114 (54.3)
 Associate professor 39 (18.6)
 Professor 32 (15.2)
Length of teaching experience (yr)
 ≤2 33 (15.7)
 3−5 61 (29.1)
 6−10 49 (23.3)
 11−15 22 (10.5)
 16−20 20 (9.5)
 21−35 21 (10.0)
 Unclassified 4 (1.9)

KSAU-HS, King Saud bin Abdulaziz University for Health Sciences; 
BC, Batterjee College; TU, Taif University; ISNCMS, Ibn Sina National 
College for Medical Studies; UQU, Umm Al-Qura University; RU, Rabigh 
University.
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Table 2. Level of importance of the following goals to the faculty development program

Rank Goal Mean±SD Verbal interpretation
1 To motivate teachers to become better teacher 4.73±2.99 Very important
2 To improve students learning 4.51±0.74 Very important
3 To enhance value of teaching effectiveness 4.47±0.63 Very important
4 To help faculty member learn excellent teaching 4.42±0.78 Very important
5 To focus on teaching that are set on high standards 4.38±0.71 Very important
6 To provide faculty development programs 4.36±0.66 Very important
7 To build and develop the culture of teaching 4.34±0.72 Very important
8 To provide skills training 4.33±0.73 Very important
9 To introduce different teaching strategies 4.31±0.80 Very important
10 To improve the learning environment 4.30±0.74 Very important
11 To create a climate of excellent teaching 4.28±0.79 Very important
12 To improve faculty evaluations 4.25±0.87 Very important
13 To create norm of excellent teaching 4.21±0.77 Very Important
14 To foster faculty career development 4.09±0.83 Important
15 To facilitate effective pedagogy 4.07±0.81 Important
16 To serve personal needs 3.83±1.01 Important

SD, standard deviation.

Table 3. Level of importance of the following practices to the success of faculty development program

Rank Practice Mean±SD Verbal interpretation
1 Establishing a positive climate for teaching and learning 4.45±0.71 Very important
2 Providing resources 4.37±0.71 Very important
3 Teaching improvement workshops 4.31±0.78 Very important
4 Collaboration among faculty 4.20±0.75 Important
5 Providing technical support 4.19±0.76 Important
6 Networking among faculty and across academic and 

administrative departments
4.17±0.76 Important

7 Assessing needs 4.15±0.79 Important
8 Establishing learning communities 4.13±0.77 Important
9 Being visible and accessible 4.05±0.93 Important
10 Personal assessment program 4.02±0.85 Important
11 Providing faculty mentoring 3.91±0.84 Important

SD, standard deviation.

Table 4. Level of importance of the following factors in achieving faculty development program goals

Rank Factor Mean±SD Verbal interpretation
1 Skilled and dedicated staff support 4.49±0.72 Very important
2 Strong administrative support 4.47±0.80 Very important
3 Engaged and supportive faculty 4.44±0.74 Very important
4 Adequate budget 4.43±0.81 Very important
5 Ensuring the continuity of programs 4.40±0.73 Very important
6 Location and physical facilities 4.31±0.75 Very important
7 Strategic planning and goal setting 4.29±0.84 Very important
8 Timing of offered program 4.28±0.85 Very important
9 Climate of collaboration 4.26±0.76 Very important
10 Student support 4.17±0.91 Important
11 Grant funding 4.15±0.84 Important
12 Cultural tradition of support 4.06±0.90 Important
13 Providing food and refreshments 3.36±1.22 Important

SD, standard deviation.
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gram were achieved, the most important perceived factor was 
skilled and dedicated staff support (4.49 ± 0.72), followed by 
strong administrative support (4.47 ± 0.80) and engaged and sup-
portive faculty (4.44 ± 0.74). The items that were evaluated as im-
portant but rated lowest were providing food and refreshments 
(3.36 ± 1.22), cultural tradition of support (4.06 ± 0.90), and 
grant funding (4.15 ± 0.84). 

Discussion 

Saudi universities are keen to achieve their strategic goals. One of 
these goals is to emphasize faculty development programs, espe-
cially in the light of continuously developing new pedagogical 
modalities and expectations. In order to achieve these goals, it is 
mandated that institutions expand and maintain regular, readily 
available, accessible, and comprehensive faculty development pro-
grams targeting faculty competency needs and educational objec-
tives. Medical education in Saudi Arabia is challenged with the 
shortage of teachers who are adequately prepared to handle tasks 
in response to the emergent needs [2]. This was shown clearly in 
this study since the most important factor perceived in achieving 
faculty development program goals was skilled and dedicated staff 
support. Faculty should be engaged in all curricular and extracur-
ricular activities, which require supervision and support by col-
lege administration. 

In general, teachers view their task as imparting knowledge with 
disjunction between their practice and their beliefs. One of the 
primary goals of faculty development is to promote students’ 
learning and motivate teachers to become better teachers. A med-
ical teacher is considered a helper and a guide who fits into many 
different and simultaneous roles, such as being an instructor, a 
task master, facilitator, trainer, etc. Achievement of such ends may 
rest with individual teachers openly and actively engaging in 
teaching with reflection on their performance [15]. Reflection is 
considered a key concept of transformative learning theory, which 
is based on constructivist assumptions. Mezirow [16] considered 
transformative learning as a learning method that is based on our 
perceptions and experiences. He defined the process of learning 
as “the social process of constructing and appropriating a new or 
revised interpretation of the meaning of one’s experiences as a 
guide to action.” Our study confirms the importance of creating a 
climate and norm for excellent teaching. 

McKeachie [17] argued that teaching skillfully may be less time 
consuming than teaching badly. It is well known that the need for 
effective learning increases as the time available to spend with stu-
dents decreases. This was shown in our study as an important goal 
of faculty development program, which was to provide teaching 

improvement workshops and help faculty members learn excel-
lent teaching methods. 

According to Lueddeke [18], a fundamental education premise 
is that teaching influences student learning, and by improving ed-
ucational knowledge and teaching practice, students should bene-
fit. Evidence supporting the assumption that faculty development 
does impact on student learning and outcomes is accumulating. 
In our study, goals for faculty development programs included 
improved students’ learning, helping faculty members learn ap-
propriate and targeted teaching methods, and enhancing value of 
teaching effectiveness. 

Teaching is a complex process and a demanding task. It is of 
paramount importance for the present-day teacher to become a 
part of the far-reaching changes that are taking place in the field of 
medical education. These changes include advances in learning 
styles and assessment methods, innovative curriculum models, 
and shifting from the conventional role of a teacher. These chang-
es will not be achieved without a strong administrative support 
and adequate resources [19]. Our study clearly showed the im-
portance of strong administrative support and adequate budget. 

Faculty development is not just a “one-shot” intervention or 
“train the trainer” type of workshop. It is a continuous series of ef-
forts that help faculty evolve their knowledge and skills as educa-
tors. This was reflected by the results of our study in which an im-
portant perceived factor in achieving faculty development pro-
gram goals was ensuring the continuity of programs and strategic 
planning and goal setting. Comprehensive and intensive ongoing 
faculty development programs are necessary to increase teachers’ 
knowledge and skills and reflection on practice. Protected time 
(i.e., time with salary support that faculty have for their non-edu-
cational responsibilities, such as research studies, manuscripts 
writing, or quality improvement initiatives) will allow participants 
to meaningfully test different approaches and use more stu-
dent-focused activities. This will ultimately lead to improvement 
in student learning. This was also shown by our study as the tim-
ing of offered programs was among the most important factors in 
achieving faculty development program goals [20]. 

Limitations of this study include the small number of partici-
pants from certain universities. Future studies should initiate an 
urgent call to encourage participation in studies and research on 
the faculty development area of medical education. In addition, 
the results of 119 participants of King Saud bin Abdulaziz Univer-
sity for Health Science may influence the overall outcome. Fur-
thermore, the results of the survey may vary depending on the 
faculty development program being offered to the survey partici-
pants. Therefore, an analysis of the current status of the faculty de-
velopment program is warranted. An advantage of performing 
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this research is creating ideas for future research on this important 
topic. For example, research may be conducted on the correlation 
between the recognition of faculty development and the differ-
ence in the educational environment at a university with a sample 
size similar to King Saud bin Abdulaziz University for Health Sci-
ence. 

In conclusions, the results of this study demonstrate that faculty 
members have positive perceptions regarding all aspects of faculty 
development programs. This study will raise awareness regarding 
the importance of such programs in sustaining educational vitali-
ty. We recommend the implementation and maintenance of com-
prehensive faculty development programs in Saudi universities. In 
addition, we recommend the development of a comprehensive 
curriculum for faculty development, which would also construct a 
solid ground for a diploma in medical education. Further studies 
regarding other aspects of faculty development programs, such as 
the current problems and needs of faculty members, contributing 
factors to achieve faculty development goals, barriers and obsta-
cles impeding achieving such goals, and the effectiveness of exist-
ing faculty development programs, should be conducted. These 
studies are important to explore the needs and difficulties in im-
plementing faculty development programs. 
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Mineralization-inducing potentials of calcium silicate-
based pulp capping materials in human dental pulp cells 
Sohee Kang 
Department of Dentistry, Yeungnam University Hospital, Daegu, Korea 

Background: This study was performed to provide a long-term bacterial seal through the forma-
tion of reparative dentin bridge, calcium silicate-based pulp capping materials have been used at 
sites of pulpal exposure. The aim of this study was to evaluate the mineralization-inducing po-
tentials of calcium silicate-based pulp capping materials (ProRoot MTA [PR], Biodentine [BD], and 
TheraCal LC [TC]) in human dental pulp cells (HDPCs). 
Methods: Specimens of test materials were placed in deionized water for various incubation 
times to measure the pH variation and the concentration of calcium released. The morphology of 
HDPCs cultured on the specimens was examined using a confocal laser scanning microscope 
(CLSM). Alizarin red S staining and alkaline phosphatase assays were used to evaluate mineral-
ization-inducing potentials of the capping materials. 
Results: BD showed the highest calcium release in all test periods, followed by PR and TC. 
(p<0.05). All experimental groups showed high alkalinity after 1 day, except at 14 days. BD 
showed the highest cell viability compared with PR and TC after 1 and 3 days, while TC showed 
the lowest value (p<0.05). The CLSM analysis showed that cells were well adhered and expressed 
actin filaments for all pulp capping materials. Mineralization by PR and BD groups was higher 
than that by TC group based on alizarin red S staining. BD showed significantly higher alkaline 
phosphatase activity than PR and TC, while TC showed the lowest value (p<0.05). 
Conclusion: Within the limitations of the in vitro study, BD had higher mineralization-inducing 
potential than PR and TC. 

Keywords: Biocompatibility testing; Dental material; Dental pulp capping; Dentin

Introduction 

At sites of pulpal exposure, dentinal continuity may be restored 
through the formation of a dentin bridge across the exposure. 
There have been reports regarding dentin bridging after pulp cap-
ping with agents such as calcium hydroxide. Calcium hydroxide is 
a preferable material to manage pulp exposure because of its anti-
bacterial characteristic and ability to induce reparative dentin for-
mation [1]. However, it has been reported that calcium hydroxide 
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dissolves over time, causing tunnel defects in dentin bridges, and 
these bridges allow communication between the pulp and cap-
ping material [2]. 

These findings highlight the need to use materials capable of 
providing a long-term bacterial seal over capped pulps. Among 
them, mineral trioxide aggregate (MTA) has a better capping ef-
fect by stimulating the formation of the perfect reparative dentin 
bridge without any toxic chemical effects. Previous studies 
showed that MTA was more effective than calcium hydroxide in 
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long-term vital pulp therapy [3,4]. However, high prices, difficul-
ties in handling and application, and longer binding duration re-
main disadvantages of MTA. Long setting times are an obstacle to 
using MTA as a pulp capping material since MTA needs to be lay-
ered with other materials while it is still fresh [5]. 

By adding accelerators and modifiers, several researchers at-
tempted to decrease the setting reaction time and increase the ef-
fectiveness of MTA for direct pulp capping. One calcium sili-
cate-based pulp capping material is Biodentine (BD; Septodont, 
Saint-Maur-des-Fosses, France), which has the advantage of a 
shorter setting time of 12 minutes. BD is a powder consisting of 
tricalcium silicate, dicalcium silicate, calcium carbonate, calcium 
chloride, and zirconium oxide as a radiopacifier. Previous studies 
showed that BD works similarly to MTA in both in vitro and in 
vivo. In addition, BD has a positive effect on pulp cells and helps 
them form reparative dentin [6,7]. However, research data on the 
mineral-inducing potential of BD is still lacking. 

TheraCal LC (TC; Bisco Inc., Schaumburg, IL, USA) is a light-
cured, resin-modified calcium silicate-based material designed for 
use in direct and indirect pulp capping and as a protective liner 
under various filling materials. The light-cured set permits imme-
diate placement and condensation of the restorative material. It 
contains approximately 45 percentage by weight (wt%) mineral 
material (type III Portland cement), 10 wt% radiopaque compo-
nent, 5 wt% hydrophilic thickening agent (fumed silica), and ap-
proximately 45 wt% resin [8]. In previous studies, TC showed 
good sealing abilities [8] and was well-tolerated by immortalized 
odontoblast cells [9]. It is necessary to evaluate whether that ma-
terial has a mineral-inducing potential that can form a reparative 
dentin bridge. However, its mineral-inducing potential has not 
been studied yet. 

This study aimed to evaluate the mineralization-inducing po-
tentials of calcium silicate-based pulp capping materials on human 

dental pulp cells (HDPCs), by the following five outcome mea-
sures: (1) the amount of calcium release from the capping materi-
als, (2) the pH values of aqueous medium exposed to the extracts 
of the capping materials which stimulate the pulp cell differentia-
tion, (3) the cell viability by an MTT assay, (4) cytoskeletal orga-
nization of the HDPCs cultured on the extract of the capping ma-
terials and viewed with a microscope, and (5) alizarin red S stain-
ing images and alkaline phosphatase (ALP) activity of odonto-
blasts cultured on the capping materials. 

Materials and methods 

1. Specimen preparation 
Premixed specimens of ProRoot MTA (PR; Dentsply, Tulsa, OK, 
USA), BD, and TC were made according to the manufacturers’ 
instructions (Table 1). Discs (10-mm diameter and 2-mm thick-
ness) were made using a stainless-steel frame as a mold. Each disc 
was allowed to set for 24 hours followed by polishing with #400, 
600, and 1,200 grit lapping film (3M lapping film; 3M, Maple-
wood, MN, USA). The colors of disc obtained by digital camera 
show the white color of MTA and TheraCal, and Biodentine has 
the Ivory color. The specimens were placed in a 48-well tissue cul-
ture plate, kept under an ultraviolet clean bench for 24 hours, and 
further sterilized by ultraviolet irradiation (Figs. 1, 2). 

2. Primary culture of human dental pulp cells 
HDPCs were provided by the Department of Oral Pathology 
(School of Dentistry, Kyungpook National University, Daegu, 
Korea). Fragments of pulp tissue acquired from an extracted hu-
man third molar were cultured in minimal essential medium alpha 
(MEM-α; Invitrogen, Carlsbad, CA, USA) containing 10% fetal 
bovine serum (FBS; Invitrogen), 100 U/mL penicillin, and 100 
U/mL streptomycin (Invitrogen). The cultures were stored in a 

Table 1. Materials used in this study

Product Concentration
ProRoot MTA (Dentsply, Tulsa, OK, USA)
 Portland cement 75%
 Bismuth oxide 20%
 Calcium sulfate 5%
Biodentine (Septodont, Saint-Maur-des-Fosses, France)
 Powder: tricalcium silicate, dicalcium silicate, calcium carbonate, zirconium oxide, calcium oxide, iron oxide Packaged in capsule (0.7 g)
 Liquid: calcium chloride, a hydrosoluble polymer, water Packaged in pipette (0.18 mL)
TheraCal LC (Bisco Inc., Schamburg, IL, USA)
 Portland cement type III <60%
 Polyethylene glycol dimethacrylate <50%
 Barium zirconate <10%
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humidified atmosphere of 5% CO2 at 37°C. 

3. Measurement of calcium release from pulp capping 
materials 
The calcium release of each specimen was measured to evaluate 
the mineralization-inducing potentials. The disc specimen was 
placed in 10 mL of deionized water for 1 and 7 hours and 1, 4, 7, 
14, and 21 days. The amount of calcium ion released from the 
capping materials in the water was measured by inductively cou-
pled plasma atomic emission spectroscopy (ICP; Optima 7300DV, 
PerkinElmer, Shelton, CT, USA). ICP is a technique for detect-
ing trace metals. It excites atom and releases ions from electro-
magnetic radiation at characteristic wavelengths of a particular 
element. 

4. Measurement of pH value 
The pH values of each specimen were measured to assess the 
amount of eluted hydroxide ions, which stimulate the pulp cell 
differentiation. The disc specimen was placed in 10 mL of deion-

ized water for 1 and 7 hours and 1, 4, 7, 14, and 21 days. The pH 
value of the aqueous medium, which was exposed to the extracts 
of the capping materials, was measured by a pH meter (Orion 3 
Star, Thermo Scientific, Singapore). The pH apparatus was cali-
brated with solutions of pH 7.0 and 4.0. The electrode was 
washed with ultrapure water and dried after every measurement.
 
5. Cell viability test 
An MTT assay was conducted to evaluate the effects of the cap-
ping materials on cell viability. The amount of HDPCs on each 
specimen was measured by a colorimetric immune assay that is 
based on measuring bromodeoxyuridine (BrdU) incorporated 
during DNA synthesis. BrdU enzyme-linked immunosorbent as-
say (ELISA; Roche Molecular Biochemicals, Nutley, NJ, USA) 
was performed according to the manufacturer’s instructions. Cells 
were seeded at a density of 2 × 104 cells per well onto a 48-well 
plate and were cultured for 1 and 3 days with each specimen. 
Then, the BrdU-labeling solution was added to each well. The 
solution was applied to the cells in a CO2 incubator at 37°C for 4 

Fig. 1. (A) Stainless-steel frame with five holes, (B) schematic diagram of the specimen, (C) 48-well cell culture plates, having flat 
bottom which matches the specimen in size.

Fig. 2. Images of specimens. (A) ProRoot MTA, (B) Biodentine, (C) TheraCal LC.
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hours. The supernatant of the cell solution was removed by pipet-
ting and were washed with phosphate-buffered saline (PBS) 
twice. After treating the cells with 0.25% trypsin-ethylenedi-
aminetetraacetic acid (EDTA; Gibco, Tokyo, Japan), the cells 
were harvested by centrifugation at 1,000 rpm for 15 minutes. For 
fixing and denaturing DNA, the harvested cells were mixed with 
FixDenat (ELISA; Roche Molecular Biochemicals) solution and 
then incubated for 30 minutes. Diluted anti-BrdU peroxidase (di-
lution ratio of 1:100) was added to the cells, which was then incu-
bated at 20°C for 2 hours. The unbound antibody conjugate was 
removed, and 100 μL substrate was added to the 48-well plate. 
Then, the cells were incubated for 20 minutes. The reaction was 
finished by adding 25 μL of H2SO4 solution (1 M) to the cells. 
The solution was moved to a 96-well plate, and the absorbance of 
the solution was measured using an ELISA plate reader (EL 9800; 
Roche Molecular Biochemicals) for 5 minutes at 450 nm with a 
reference wavelength of 690 nm. The blank reading corresponded 
to 100 μL of culture medium with or without BrdU. 

6. Cytoskeletal organization 
To assess the cytoskeletal organization of HDPCs, which were 
treated with the extracts of the capping materials, double staining 
was performed. Briefly, a prepared specimen of each cement was 
stored in 10 mL MEM-α contained 10% FBS for 3 days to pro-
duce the extracts used for the treatment of HDPCs. The cells 
were seeded onto a 48-well plate (2 × 104 cells/mL) and were 
cultured for 1 day with the extracts of the specimen. The cells 
were fixed with 4% paraformaldehyde in PBS and washed with a 
PBS solution containing 0.05% Tween-20. After permeabiliza-
tion with 0.1% Triton X-100 in PBS for 15 minutes at 25°C, the 
cells were incubated for 30 minutes in PBS containing 1% bovine 
serum albumin. Subsequently, 5(6)- tetramethyl-rhodamine iso-
thiocyanate-conjugated phalloidin (Millipore, Temecula, CA, 
USA) was added to the 48-well plate, and the cells were incubat-
ed for approximately 1 hour. The plates were washed three times 
(10 minutes each) using the buffer solution and incubated with 
4′,6-diamidino-2-phenylindole (Millipore) for 5 minutes. The 
scaffolds were washed three times (10 minutes each) with the 
buffer solution, and fluorescence images were visualized by a 
CLSM (model 700; Carl Zeiss, Oberkochen, Germany). 

7. Alizarin red S staining 
Mineralized nodules from differentiated cells were visualized 
through alizarin red S staining to evaluate the mineraliza-
tion-inducing potentials of each specimen. Cells were seeded at 
a density of 2 × 104 cells per well onto a 48-well plate and were 
cultured for 14 days with each specimen. Then, mineralization 

of the cells was evaluated through alizarin red S staining (Sig-
ma-Aldrich, St. Louis, MO, USA). Briefly, cells were fixed with 
4% formalin for 1 hour at 4%, washed three times with deion-
ized water, and then stained with 40 mmol/L of alizarin red 
solution (pH = 4.2). The stained cell plate was washed with de-
ionized water, and the stained image was obtained with the 
scanner. To remove the stain, the samples were treated with 
10% cetylpyridinium chloride solution (pH = 7.0) for 15 min-
utes, and absorbance was measured at a wavelength of 540 nm 
with a standard solution for the quantitative assessment. 

8. Alkaline phosphatase activity assay 
ALP is the marker of early differentiation and extracellular matrix 
mineralization. Cells were seeded at a density of 2 × 104 cells per 
well onto a 48-well plate and were cultured for 14 and 21 days 
with each specimen. Then, the cells were scraped into cold PBS 
and sonicated with a cell disruptor (Heat System Ultrasonics, Pla-
inview, NJ, USA) in an ice-cold bath. ALP activity in the superna-
tant was determined using p-nitrophenyl phosphate as a substrate. 
Absorbance was measured at 410 nm using an ELISA plate reader. 

9. Statistical analysis 
Statistical analysis of the data from calcium ion release, pH, 
MTT assay, and ALP activity test was performed using IBM 
SPSS version 20.0 (IBM Corp., Armonk, NY, USA). One-way 
ANOVA, followed by the Tukey test, was performed. The level 
of significance was established at 0.05. 

Results 

1. Measurement of calcium release 
BD showed significantly higher calcium release compared to PR 
and TC in all test periods (p < 0.05) (Fig. 3). Calcium release 
from PR was significantly higher than TC (p < 0.05). The 
amount of calcium released from both BD and PR constantly 
increased with increased immersing time. However, the calcium 
release from TC slowly increased up to 4 days and thereafter al-
most stopped. 

2. Measurement of pH value 
After 1-day immersion, PR and BD had similar pH values, but TC 
showed lower pH value compared with others (Fig. 4). In the ear-
ly stage, PR showed the highest pH value compared with others. 
All experimental groups showed high alkalinity near pH 11.0 after 
1 day, except at 14 days. There was no significant difference in pH 
values between PR, BD, and TC after 1 day, except at 14 days 
(p > 0.05).  
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3. Cell viability test  
As shown in Fig. 5, BD showed the highest cell viability compared 
with PR and TC on both 1 day and 3 days. TC showed signifi-
cantly lower cell viability than BD, but there was no significant 
difference between PR and TC (p < 0.05). 

4. Cell morphologic analysis 
Cells were observed by confocal laser scanning microscopy to 
evaluate cell growth and morphology. As shown in Fig. 6, cells are 
well adhered in the shape of the fusiform and expressed actin fila-
ments for all pulp capping materials. 

5. Alizarin red S staining and alkaline phosphatase activity 
test 
There was a high increase in mineralization in the PR and BD 
groups compared with the TC group based on alizarin red S stain-
ing for calcium (Fig. 7). However, there was no difference in min-
eralization between PR and BD. In terms of ALP activity, there 
was a significant difference between the three groups. BD showed 

Fig. 3. The amount of calcium released from ProRoot MTA, 
Biodentine, and TheraCal LC in deionized water as a function of 
immersion time. The amount of calcium released from ProRoot 
MTA and Biodentine increased constantly with the immersion 
time, whereas the released calcium from TheraCal LC had a 
tendency to increase until day 4, and almost stopped increasing. 
For each of the three types of samples, five samples were used at 
each time of the experiment. Error bars indicate standard errors 
of the means.

Fig. 5. Effects of ProRoot MTA, Biodentine, and TheraCal LC on 
cell viability measured by MTT assay. On both 1 and 3 days, the 
cell viability for Biodentine was highest. However, ProRoot MTA 
and TheraCal LC showed no significant difference (p<0.05). For 
each of the three types of samples, six samples were used at each 
time of the experiment. Error bars indicate standard errors of the 
means. MTT OD value: cell viability absorbance (490 nm).

Fig. 4. pH values of aqueous medium exposed to the extracts of 
the capping materials as a function of immersion time. pH values 
for ProRoot MTA, Biodentine, and TheraCal LC were stable in near 
11.0 after 1 day, except at 14 days. Values not sharing a common 
letter (a, b) are significantly different (p<0.05). For each of the 
three types of samples, five samples were used at each time of 
the experiment. Error bars indicate standard errors of the means.
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a significantly higher value than PR and TC, while TC showed the 
lowest activity compared to the others (p < 0.05) (Fig. 8). 

Discussion 

This study was designed to investigate the mineralization-induc-
ing potentials of pulp capping materials on cultured HDPCs. 

In regards to the calcium ion release, BD showed a markedly 
higher release of free calcium ions compared with PR and TC. 
The increased calcium release from BD has been considered to 
be correlated with the presence of a calcium silicate component, 
calcium chloride, and low solubility (11.93%). This is likely 
linked to a superplasticizer that is commonly used to reduce the 

Fig. 6. Confocal laser scanning microscopic images (actin [red], nucleus [blue]) of HDPCs cultured on (A) ProRoot MTA, (B) Biodentine, 
and (C) TheraCal LC which were incubated in the extract of the materials for 3 days. Cells were well adhered and expressed actin 
filaments for all pulp capping materials (×200).

Fig. 7. Alizarin red S staining images of odontoblasts cultured on (A) ProRoot MTA, (B) Biodentine, and (C) TheraCal LC for 14 days. There 
was a high increase in mineralization in the ProRoot MTA and Biodentine groups compared with the TheraCal LC group based on alizarin 
red S staining for calcium.

20 μg 20 μg 20 μg
A

A

B

B

C

C

amount of water required (L/P 0.257) to disperse the particles 
and to enhance the fluidity, making the cement self-consolidat-
ing. In addition, the fast hydration reaction of tricalcium silicate 
can be correlated with the low solubility and high calcium re-
lease at early endpoints [8]. In another previous study, BD ex-
hibited advanced hydration both in vitro and after pulp capping. 
This was evident from the densely hydrated product in the ce-
ment matrix and the absence of unhydrated cement particles af-
ter 14 days of hydration [10]. 

In contrast, TC exhibited the lowest calcium ion leaching. This 
result can be attributed to the fact that the release of calcium ions 
is limited due to the presence of a resin-modified matrix in the 
structure of TC after setting. The restriction of fluid absorption 
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pate in the mineralization process [16,17]. 
The release of calcium hydroxide is mainly the result of the 

stimulation of odontoblast activity and subsequent mineraliza-
tion. The pulp capping materials that are based on tricalcium sili-
cate all allegedly release calcium hydroxide as a by-product of hy-
dration. This has been demonstrated for MTA [18] and BD [19]. 
Calcium, as well as hydroxyl ions released from the capping mate-
rials, regulate the event leading to tertiary dentinogenesis. For the 
biological effects of calcium hydroxide, the release of bioactive 
molecules, either through direct stimulation of cells or by solubili-
zation of dentin extracellular matrix, is vital. Calcium silicate ce-
ment, together with microcrystals deposited on its surface, pro-
vides a biologically active substrate for the adsorption of biomole-
cules and adhesion of odontoblasts [2]. 

In this study, the number of calcium ions released from the cap-
ping materials and pH value of the medium were measured in de-
ionized water rather than simulated body fluid in order to stan-
dardize the test conditions and hence allow a comparison of the 
data with other future studies. 

Prior to investigating the mineralization-inducing potentials of 
the materials, the biocompatibility was compared by evaluating 
the effects of the capping materials on cell morphology and cell 
viability in this study. BD showed better cell viability than PR and 
TC on the MTT assay. The result of the current study corre-
sponded with an investigation by Poggio et al. [20], which 
showed BD induced a more favorable cell response due to high 
mitochondrial activity compared with MTA and TC during the 
72 hours of incubation. Meanwhile, other researchers reported 
that BD showed similar cell viability to MTA [5,21]. 

Confocal laser scanning microscopic images were used to 
compare cell morphology and cytoskeletal organization. When 
HDPCs were cultured on the capping materials for 1 day, the 
cultured cells appeared flat and showed well-defined cytoplas-
mic extensions, indicating all materials allowed cell attachment 
and growth. The actin microfilament cytoskeleton is involved in 
cell processes, cell shape, and cell attachment. As the cell ad-
heres to a substrate material, filopodia are formed. They are 
moved into place by actin acting upon the plasma membrane. 
The actin is observed in the filopodia as directed tight parallel 
bundles. Contractile stress fibers are seen once the filopodia are 
attached [22]. Our results showed that the cytoskeletal organi-
zation of cells was observed, as shown in Fig. 6. The phenotype 
of differentiation-induced HDPCs is known to resemble several 
crucial characteristics of odontoblasts, such as increased ALP 
activity, mRNA expression of differentiation markers genes, and 
the formation of mineralized matrix in vitro [23]. 

ALP is the most frequently used marker of odontoblastic cell 

Fig. 8. Alkaline phosphatase (ALP) activity of odontoblasts 
cultured on pulp capping materials for 14 and 21 days. The ALP 
activity of odontoblasts in Biodentine group was highest on 
both observation days. However, the odontblasts in TheraCal LC 
group showed the lowest ALP activity (p<0.05). For each of the 
three types of samples, five samples were used at each time of 
the experiment. Values not sharing a common letter (a, b, c) are 
significantly different (p<0.05). Error bars indicate standard errors 
of the means.
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causes calcium ions to scarcely move along the resin matrix [10]. 
The release rate of calcium ions is a key factor for successful 

endodontic and pulp capping therapies because the mineraliza-
tion of cells (osteoblasts, cementoblasts, pulp cells, and odonto-
blasts) are influenced by calcium ions [7]. Calcium ions specifi-
cally modulate osteopontin and bone morphogenetic protein-2 
levels during pulp calcification [11]. In addition, eluted calcium 
ions increase the proliferation of HDPCs in a dose-dependent 
manner [12], and calcium release enhances the activity of pyro-
phosphatase, which helps to maintain dentine mineralization and 
the formation of a dentin bridge [13]. 

To assess the amount of eluted hydroxide ions from the pulp 
capping materials, pH values of the aqueous medium, which was 
exposed to the extracts of the test materials, were measured. All 
materials showed similar alkaline activity. The pH values of all the 
test material reached a maximum of 11 after 7 hours, showing a 
plateau since 1 day immersion. This is in accordance with the re-
sults of previous studies [14,15]. 

The high alkalinity of calcium hydroxide seems to result in mild 
stimulation of cell differentiation. Hydroxide ions stimulate the 
release of ALP and bone morphogenetic protein 2, which partici-
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differentiation because ALP activity is greatest just before cell 
mineralization begins. In this study, odontoblastic differentia-
tion of HDPCs was evaluated using an ALP activity assay. There 
was a significant increase in the ALP activity of the cells for BD, 
followed by PR and TC. This result is consistent with that of a 
previous study reporting the up-regulation of osteogenic or 
odontogenic genes by BD in HDPCs [24]. BD and PR promot-
ed the odontoblastic differentiation with the development of 
mineralized nodules, which is the nucleation of the calcium 
phosphate layer on the surface of the material, whereas nodules 
were rarely observed in TC. Nowicka et al. [25] reported that 
the reparative tissues induced by two materials were homoge-
neous with the BD group, showing the dentin bridge of better 
quality. It was also reported that BD exerted significantly higher 
stimulatory activity on pulp cells in comparison with MTA after 
direct pulp capping to animal teeth, resulting in thicker repara-
tive dentin bridges and greater incidence of ectopic pulp calcifi-
cation in developing teeth [26]. 

In this study, TC showed relatively low odontoblastic differ-
entiation compared with PR and BD. This result could be ex-
plained by several reasons. First, TC may undergo a complicated 
setting reaction by setting light-cured resin initially and hydrat-
ing tricalcium silicate, thereafter [27], inducing insufficient hy-
dration. Moreover, TC is a resin-modified capping material, and 
it does not use water as mixing fluid. According to a previous 
study conducted by Camilleri et al. [10], the hydration of TC de-
pends on fluid uptake through the resin matrix from the environ-
ment. Although there is calcium ion release from hydrating TC, 
no calcium hydroxide is formed, as has been verified by X-ray dif-
fraction analysis in previous research. Instead, calcium phosphate 
was deposited over the TC surface [19]. Further study may be 
needed to reveal the precise setting mechanism of TC.  

Next, cytotoxicity of the unpolymerized monomers could cause 
adverse effects on cellular metabolism [28]. Poggio et al. [20] report-
ed that TC had slight cytotoxicity in comparison with BD and 
MTA-Angelus, which showed no cytotoxicity. Some resin mono-
mers, especially 2-hydroxyethyl methacrylate (HEMA) and trieth-
ylene glycol dimethacrylate (TEGDMA), are commonly identified 
in eluates of polymerized composite resins [29]. According to Kwon 
et al. [30], the ALP activity of HDPCs was reduced by TEGDMA 
and HEMA at noncytotoxic concentrations. The mRNA expression 
of dentin sialophosphoprotein, osteocalcin, and osteopontin was 
also downregulated by resin monomers. Therefore, exposure to 
TEGDMA and HEMA for certain period leads to the suppression of 
the differentiation of HDPCs via different signaling pathways. Since 
TC is known to contain HEMA and TEGDMA, the degree of con-
version and the amount of unpolymerized monomers of TC after 

light curing need to be investigated in further studies. 
A limitation of this study is the lack of previous studies analyz-

ing the precise setting mechanism of TC and the biological ef-
fects of TC. Although our results are promising, further studies 
are required to analyze the influence of other factors such as 
gene expression analysis by real-time polymerase chain reaction 
and protein expression analysis by western blotting. Further-
more, research on the effects of the immunological system and 
pulp tissue in vivo is also required. 

Within the limitations of this in vitro study, it was found that 
BD had higher mineralization-inducing potentials than PR and 
TC; therefore, BD is potentially suitable for use as a pulp cap-
ping material. TC showed similar biocompatibility to PR, while 
less effective on mineralization-inducing potentials. 
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Synchronous ileal inflammatory fibroid polyp and 
Meckel’s diverticulum found during laparoscopic surgery 
for adult intussusception 
Sung Il Kang1, Mi Jin Gu2 

1Department of Surgery, Yeungnam University College of Medicine, Daegu, Korea 
2Department of Pathology, Yeungnam University College of Medicine, Daegu, Korea 

We present a rare case of synchronous ileal inflammatory fibroid polyp and Meckel’s diverticulum 
detected during laparoscopic surgery for adult intussusception. A 48-year-old woman presented 
with sudden onset of severe abdominal pain. Abdominal computed tomography revealed a seg-
ment of ileocecal intussusception. Thus, laparoscopic exploration was performed, which revealed 
an ileal mass with an outpouching closed luminal structure in the distal ileum. Two abnormal 
structures were resected via mini-laparotomy, and the patient was discharged without postoper-
ative complications. Histopathological examination confirmed an ileal inflammatory fibroid polyp 
and Meckel’s diverticulum with ectopic pancreatic tissue. 

Keywords: Intestinal obstruction; Intestinal polyps; Intussusception; Meckel diverticulum  

Introduction 

Intussusception rarely causes intestinal obstruction in adults and 
accounts for approximately 1%–5% of all cases of bowel obstruc-
tion [1]. In contrast to pediatric intussusception, most cases of 
adult intussusception are secondary to an underlying pathology, 
such as primary/metastatic malignancies or benign tumors that 
serve as the leading point of intussusception [2]. 

An inflammatory fibroid polyp (IFP) is a benign tumor usually 
localized to the gastric antrum, although it can occur throughout 
the gastrointestinal tract [3]. Meckel’s diverticulum (MD) is a 
remnant of the omphalomesenteric duct occurring in approxi-
mately 2% of the population [4]. Both IFP and MD can act as 
leading points in adult intussusception. We present a rare case of 
synchronous ileal IFP and MD noted during laparoscopic surgery 
for adult intussusception. 
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Case 

A 48-year-old woman was referred to our emergency department 
due to a sudden onset of severe abdominal pain. Her vital signs 
were stable on physical examination, and direct tenderness in the 
right lower quadrant without rigidity or distention was observed 
on abdominal examination. The patient reported a history of total 
laparoscopic hysterectomy for early-stage endometrial cancer, 4 
years prior to the presentation. Abdominal radiography revealed a 
stepladder sign with several small bowel loops. Blood tests were 
within normal limits. Abdominal computed tomography (CT) 
revealed ileocecal intussusception with proximal small bowel ob-
struction (Fig. 1). 

Urgent laparoscopic exploration was performed using 3 trocars 
(a 12-mm supraumbilical port for the camera and two 5-mm 
ports placed in the left middle and lower quadrants of the abdo-
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men), which revealed spontaneous resolution of intussusception. 
However, an intraluminal mass was found in the distal ileum, lo-
cated approximately 30 cm from the ileocecal valve (Fig. 2A). 
Further bowel exploration revealed an outpouching closed lumi-
nal structure on the antimesenteric side wall of the ileum, located 
approximately 70 cm from the ileocecal valve (Fig. 2B). Umbilical 
mini-laparotomy, approximately 4 cm in length including the su-
praumbilical port site, was performed, and the affected ileum was 
retracted (Fig. 2C). The intraluminal tumor was resected via en-
terotomy followed by primary closure. The ileal outpouching was 
resected, and ileal side-to-side anastomosis was performed. The 
total operative time and estimated blood loss were 90 minutes and 
20 mL, respectively. 

The patient was discharged on the 4th postoperative day fol-
lowing an uneventful recovery. Histopathological examination 
confirmed an IFP measuring 2.5 × 1.5 cm (Fig. 3) as well as MD 
with ectopic pancreatic tissues measuring 5.5 × 2.5 cm (Fig. 4). 

Discussion 

IFP is a benign gastrointestinal tract lesion and usually asymptom-
atic. It develops in the submucosa and is composed of mononu-
clear spindle-shaped cells and prominent eosinophils [1,3]. How-
ever, small bowel IFPs tend to be symptomatic and present with 
bleeding or abdominal pain secondary to bowel obstruction, but 
less commonly occur as compared with gastric IFP [5-7]. Al-

Fig. 1. Abdominal computed tomography scan shows ileocecal intussusception (arrow) with proximal small bowel obstruction. (A) Axial 
view. (B) Coronal view.

Fig. 2. Intraoperative laparoscopic images. (A) An intraluminal mass (arrow) is observed in the distal ileum approximately 30 cm from the 
ileocecal valve. (B) An outpouching closed luminal structure (arrow) is observed on the anti-mesenteric side wall of the ileum, located 
approximately 70 cm from the ileocecal valve. (C) The affected ileum is retracted via mini-laparotomy.
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though MD is usually asymptomatic in adults, abdominal pain 
secondary to obstruction, stricture, or MD-induced intussuscep-
tion is the predominant characteristic of symptomatic cases [3]. 

The incidence of adult intussusception secondary to IFP and 
MD is extremely low. Notably, < 100 cases of intussusception sec-
ondary to ileal IFP and 4%–14% of adult intussusception attribut-
ed to intussusception are reported in the existing literature [1,8,9]. 
Moreover, to our knowledge, no report has described the syn-
chronous occurrence of IFP and MD discovered during a surgery 
for adult intussusception to date. 

Intussusception is usually diagnosed by imaging studies be-
cause its clinical manifestations and history were nonspecific. CT 
is preferred over ultrasonography for the differential diagnosis of 
intussusception because adult intussusception usually present 

with tumors (including malignancies). In our case, ileocecal intus-
susception was diagnosed with CT. However, because of the over-
lapping ileocolic wall, as well as edematous and dilated small bow-
el loops, CT did not reveal any apparent lesions that might have 
served as a leading point in this case. 

Surgical resection is the primary treatment for adult intussuscep-
tion, and some patients require radical surgery due to the malig-
nant potential of the tumor within the leading point [10]. Laparo-
scopic surgery for adult intussusception has been increasingly per-
formed in recent years due to its proven advantages such as faster 
recovery, less pain, and minimal scarring [10-12]. In addition, lapa-
roscopic exploration is effective even for the confirmative diagnosis 
of adult intussusception to avoid unnecessary incision. 

Therefore, diagnostic laparoscopy was performed first, because 

Fig. 3. Gross and microscopic findings of inflammatory fibroid polyp. (A) A well-demarcated submucosal mass is present. (B) It shows 
loose myxoid fibrous tissue and (C) proliferation of oval to spindle-shaped cell and scattered eosi nophils (hematoxylin and esoin stain, 
×40 [B] and ×100 [C]).

Fig. 4. Gross and microscopic findings of Meckel's diverticulum. (A) Meckel’s diverticulum with an outpouching, closed luminal structure is 
present in the distal ileum. (B) It shows small intestinal mucosal lining with submucosal pancreatic tissue (hematoxylin and eosin stain, ×10).
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no pathologic data has confirmed whether the tumor was malig-
nant or benign. In addition, a leading point that caused the ileoco-
lic intussusception was not identified in radiologic examinations. 
During the laparoscopic exploration, a small ileal mass and MD 
were detected. However, we could not determine whether one of 
them was the leading point of intussusception because the ileoco-
lic intussusception resolved spontaneously. However, surgical re-
section of the two abdominal lesions was performed because both 
of them were considered as leading points of intussusception. 

In conclusion, we report a rare case of synchronous occurrence 
of ileal IFP and MD detected during laparoscopic surgery for 
adult intussusception, which was successfully treated with a lapa-
roscopic approach. 
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with heavily pretreated triple-negative breast cancer with 
poor performance 
Dong Won Baek1,2, Ji-Young Park2,3, Soo Jung Lee1,2, Yee Soo Chae1,2 

1Department of Oncology/Hematology, Kyungpook National University Chilgok Hospital, School of Medicine, Kyungpook National University, 
Daegu, Korea 

2Kyungpook National University Cancer Research Institute, Daegu, Korea 
3Department of Pathology, Kyungpook National University Chilgok Hospital, School of Medicine, Kyungpook National University, Daegu, Korea 

Systemic therapy for metastatic triple-negative breast cancer (TNBC) still remains challenging 
because there are no targeted agents or endocrine therapies currently available. The present case 
report documents the successful use of cisplatin monotherapy to manage a heavily pretreated 
TNBC patient showing poor response to therapy. The patient was a 51-year-old woman who had 
already undergone several lines of systemic chemotherapy for widespread TNBC. Although the 
mutation analysis performed on DNA isolated from blood cells and progressed lesion samples 
confirmed the tumor to be germline BRCA wild-type, cisplatin monotherapy was administered 
based on the increasing evidence of safety and efficacy of platinum for breast cancer. After three 
cycles of cisplatin treatment, the patient’s metastatic lesions dramatically improved without any 
major toxicity, and she completed 17 cycles with good response. This case study indicates that 
patients with heavily pretreated TNBC can potentially achieve a good response to cisplatin 
monotherapy. 

Keywords: Antineoplastic agents; Cisplatin; DNA repair; Triple negative breast neoplasms  

Introduction 

Triple-negative breast cancer (TNBC) is characterized by the ab-
sence of estrogen receptor, progesterone receptor, and human epi-
dermal growth factor receptor 2 (HER2) [1]; TNBC accounts 
for 15%–20% of all breast cancers [2]. Generally, it has been well 
known that TNBC appears at a younger age and has a more ag-
gressive clinical course than other breast cancer subtypes [3]. Al-
though several clinical trials for TNBC have suggested a potential 
survival benefit using targeted agents, such as poly ADP-ribose 
polymerase (PARP) inhibitors or immune modulating agents, 
there are limitations in using these agents in daily practice due to 
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domestic guidelines [4,5]. Thus, cytotoxic chemotherapy still re-
mains the main therapeutic strategy for metastatic TNBC along 
with palliative radiotherapy and/or surgery [6,7]. However, to 
date, the treatment response of patients with advanced TNBC has 
been unsatisfactory [8]. 

In the presence of germline breast cancer susceptibility gene 
(BRCA) 1/2 mutations, PARP inhibitors or platinum agents can 
be considered as palliative regimens after the failure of taxanes, 
anthracyclines, antimetabolites, and microtubule inhibitors. Plati-
num is a cytotoxic agent and one of the most widely used drugs for 
treating solid tumors. Cisplatin, a bifunctional DNA cross-linking 
agent, induces cell apoptosis by causing DNA damage and inter-
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fering with the DNA repair mechanism [9]. The side effects of 
cisplatin include myelosuppression, nephrotoxicity, neurotoxicity, 
and nausea/vomiting.  

However, compared to other regimens, including taxanes and an-
thracyclines, the side effects of cisplatin are generally mild-to-mod-
erate and manageable. While cisplatin is not usually included in the 
adjuvant or neoadjuvant chemotherapy for breast cancer, cispla-
tin-based combination therapy has recently been reported to be 
highly efficacious in metastatic breast cancer patients with a germ-
line BRCA mutation [10,11]. However, the clinical impact of cis-
platin monotherapy as a palliative treatment for BRCA-negative 
metastatic TNBC patients with a poor general condition has not 
yet been fully evaluated.  

When selecting a therapeutic agent for advanced breast cancer 
with multiple metastases, it is important to carefully determine a 
regimen with minimal adverse effects to preserve the patients’ 
quality of life. Therefore, in this case report, we describe our suc-
cessful experience of administering cisplatin monotherapy to treat 
a 51-year-old woman who previously underwent multiple system-
ic chemotherapies for widespread BRCA-negative TNBC. 

Case 

A 51-year-old woman was transferred from a nearby hospital after 
receiving heavy pretreatment for disseminated breast cancer. At 
the time of admission to our hospital in July 2017, the patient’s 
general condition was poor, with an Eastern Cooperative Oncolo-
gy Group (ECOG) performance status of 4. She complained of 
widespread skin metastases with discharge and generalized edema 
(Fig. 1). According to her medical history, the patient was diag-
nosed with inoperable advanced TNBC and underwent 10 cycles 
of palliative chemotherapy with docetaxel and doxorubicin from 
May to December 2015, resulting in a partial response. However, 
the treatment was terminated owing to intolerance of the cumula-
tive doxorubicin dose. Thereafter, the patient underwent a pallia-
tive modified radical mastectomy in December 2015. With ongo-
ing disease progression, she received palliative radiotherapy and 
multiple lines of chemotherapy, including paclitaxel, gemcitabine, 
capecitabine, vinorelbine, and eribulin, before visiting our hospital. 

At the time of admission, the patient’s vital signs were stable 
and she was alert. Her chest computed tomography (CT) scan 
demonstrated a diffuse infiltrative mass lesion in the anterior chest 

Fig. 1. Heavily pretreated breast cancer with widespread skin metastases on July 2017. At the time of admission to our hospital, the 
patient was suffering from severe skin metastases with discharge (A, B). Positron emission tomography-computed tomography shows 
breast cancer with multiple metastases in the chest wall, liver, bone, and lymph nodes (C). The patient provided written informed consent 
for publication of clinical details and images.
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wall with bilateral pleural effusion and multiple metastatic lymph-
adenopathies in both the neck and axilla. The abdomen-pelvis 
CT scan revealed multiple liver, lymph nodes, and abdominal wall 
metastases. Tissue biopsy of the right chest wall tumor mass iden-
tified the tumor as a triple-negative-type invasive ductal carcino-
ma (Fig. 2). Cisplatin monotherapy was selected based on the re-
sults of several pilot studies, which revealed a remarkable efficacy 
of cisplatin for TNBC [12,13]. We also took into consideration 
the patient’s poor general condition and the mild cisplatin-in-
duced toxicity. The patient received 75 mg/m2 of cisplatin every 3 
weeks, along with standard hydration and antiemetic prophylaxis. 
Chemotherapy was administered in an in-patient setting because 
of the patient’s poor general condition and the extensive dressing 
care needed for the metastatic skin lesions. After three cycles of 
cisplatin, the occurrence of skin ulcerative lesions was remarkably 
decreased. As the patient’s ECOG performance status was dra-
matically improved to 1, the treatment was continued in an outpa-
tient setting. After six cycles of the regimen, responses were fur-
ther noted in both the liver and skin lesions (Fig. 3). With regard 
to adverse events, transient neutropenia and mild nausea were 

identified, yet both were manageable. The patient recently com-
pleted her 17th cycle of cisplatin with a good performance and 
minimal peripheral neuropathy (Fig. 4). 

Although she has no family history of breast or ovarian cancer, 
germline and somatic BRCA mutation tests were performed in 
the peripheral blood and primary/residual malignant tumor tis-
sues for the potential use of a PARP inhibitor. However, no patho-
genic BRCA mutation was identified (Table 1). 

The patient provided written informed consent for publication 
of clinical details and images. 

Discussion 

The National Comprehensive Cancer Network (NCCN) guide-
lines currently suggest platinum monotherapy as an alternative for 
metastatic TNBC based on the results of two small single arm 
phase II clinical trials [7,14,15]. In the TBCRC009 trial, although 
the tolerable response rate to platinum monotherapy was 25.6% 
in metastatic TNBC, progression-free survival was only 2.9 
months, which was a disappointing result with respect to consid-

Fig. 2. Representative histological features and immunohistochemical (IHC) findings of the metastatic carcinoma. The metastatic tumor 
shows the histologic grade 3, according to the modified Nottingham grading system (tubule formation 3, nuclear pleomorphism 3, and 
mitotic activities 2), and frequent lymphovascular emboli (A, arrowheads) within the dermal area (A, B). The tumor cells shows 10% Ki-
67 labeling index (C), loss of estrogen receptor (D), and progesterone receptor (E). The expression of HER2 was classified as 2+ (F) on IHC, 
subsequently proven HER2 negativity on HER2 silver in situ hybridization (not shown) (hematoxylin and eosin stain, ×40 [A, B]; IHC stain, 
×200 [C−F]).
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Fig. 3. Before the cisplatin treatment, the patient complained of widespread skin metastases with discharge and generalized edema 
(A). She received 75 mg/m2 of cisplatin every 3 weeks, along with standard hydration and antiemetic prophylaxis. After three cycles of 
cisplatin, skin ulcerative lesions were remarkably decreased (B). After six cycles of the regimen, responses were further noted in skin 
lesions as well as liver, chest wall, and lymph nodes (C). The patient completed her 17th cycle of cisplatin with dramatic metastatic skin 
lesion improvement (D, E). The patient provided written informed consent for publication of clinical details and images.

July 2017 September 2017 October 2017 January 2018

Fig. 4. Computed tomography (CT) shows the impressive response of cisplatin monotherapy. Before the cisplatin monotherapy, multiple 
metastases with bilateral pleural effusion (arrows) were found in the chest and abdomen CT (July 2017) (A). Pleural effusion and 
metastatic lesions were dramatically improved (arrowheads) after the cisplatin treatment (December 2018) (B).
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Table 1. Summary of BRCA mutation assay results (no pathogenic mutation was identified)

Germline (blood) Breast tumor at diagnosis Skin lesion prior to cisplatin monotherapy

Nucleotide Amino acid SNP no. Nucleotide Amino acid SNP no. Nucleotide Amino acid SNP no.

BRCA1 c.5383C>T p.Leu1795Phe rs878854958
c.4837A>G p.S1613G rs1799966 c.4837A>G p.Ser1613Gly rs1799966 c.4837A>G p.Ser1613Gly rs1799966
c.4308T>C p.S1436= rs1060915 c.4308T>C p.Ser1436= rs1060915 c.4308T>C p.Ser1436= rs1060915
c.3548A>G p.K1183R rs16942 c.3548A>G p.Lys1183Arg rs16942 c.3548A>G p.Lys1183Arg rs16942
c.3113A>G p.E1038G rs16941 c.3113A>G p.Glu1038Gly rs16941 c.3113A>G p.Glu1038Gly rs16941
c.2612C>T p.P871L rs799917 c.2612C>T p.Pro871Leu rs799917 c.2612C>T p.Pro871Leu rs799917
c.2311T>C p.L771 rs16940 c.2311T>C p.Leu771= rs16940 c.2311T>C p.Leu771= rs16940
c.2082C>T p.S694= rs1799949 c.2082C>T p.Ser694= rs1799949 c.2082C>T p.Ser694= rs1799949

c.441+36_441
+38delCTT

rs147856441 c.441+36_441
+38delCTT

rs147856441

c.-19-115T>C rs3765640 c.-19-115T>C rs3765640
BRCA2 c.1114A>C p.N372H rs144848 c.1114A>C p.Asn372His rs144848 c.1114A>C p.Asn372His rs144848

c.3807T>C p.V1269= rs543304 c.3807T>C p.Val1269= rs543304 c.3807T>C p.Val1269= rs543304
c.4563A>G p.Leu1521= rs206075 c.4563A>G p.Leu1521= rs206075
c.6513G>C p.Val2171= rs206076 c.6513G>C p.Val2171= rs206076
c.7393G>A p.Ala2465Thr
c.7397C>T p.Ala2466Val rs169547 c.7397C>T p.Ala2466Val rs169547

SNP, single-nucleotide polymorphism.

ering platinum as a first-line treatment [14]. However, this case 
showed that cisplatin monotherapy can be safe and effective for 
managing heavily pretreated TNBC patients without any major 
toxicities; thus, cisplatin monotherapy represents a possible pallia-
tive therapeutic option, although the current international guide-
lines do not recommend its routine use, especially for patients 
without germline BRCA 1/2 mutations [7]. 

BRCA1 plays a key role in the homologous recombination 
(HR) DNA repair system by initiating the repair of DNA dou-
ble-strand breaks and thereby maintaining DNA stability, which 
makes it a potential predictive biomarker for DNA-damaging 
agents, such as platinum [16]. Moreover, a specific TNBC sub-
type harboring BRCA mutations has been shown to be more sen-
sitive to cisplatin than taxane [17]. Nevertheless, in the current 
case, whole-genome sequencing of the blood and tumor tissue 
samples showed no pathogenic somatic or germline BRCA muta-
tion. Interestingly, the germline BRCA mutation status was not 
found to play any predictive role in carboplatin efficacy in the Ge-
parSixto trial, although carboplatin did generate a higher response 
rate in the TNBC subgroup [18]. Additionally, a preclinical study 
reported that, similar to the BRCA1-mutant cell type, a non-
BRCA1 mutant basal-like cell line had a considerably high sensi-
tivity to cisplatin treatment. Therefore, such an inconsistency in 
the efficacy of platinum agents against breast cancer with BRCA 
mutations suggested that BRCA mutation status might be insuffi-

cient for showing HR DNA repair abnormalities. 
Instead of identifying the existence of BRCA mutations, 

“BRCAness” can be an alternative explanation for the existence of 
HR DNA repair abnormalities. For instance, homologous recom-
bination deficiency (HRD) score, which is a measurement of 
BRCA promoter methylation, loss of heterozygosity, large-scale 
state transitions, or telomeric allelic imbalance, using next-genera-
tion sequencing can indicate BRCAness. In various small-sized 
retrospective and post hoc analyses, the HRD score has been 
highly correlated with the response to platinum-based treatment 
of TNBC patients with or without BRCA mutations [19]. How-
ever, in the TNT trial, no statistically significant difference in the 
response has been identified according to HRD score; long-term 
studies for estimating the advantages of platinum for TNBC pa-
tients are still warranted [20]. Although the DNA repair mecha-
nism is extremely complex, a comprehensive genomic alteration 
test should be conducted to understand the actual efficacy of 
DNA-targeting agents for DNA repair and facilitate the explora-
tion of alternative mechanisms underlying cancer progression and 
resistance to chemotherapeutic agents. 

In this case report, a dramatic and durable response to cisplatin 
monotherapy was observed in a heavily pretreated TNBC patient 
with a poor performance status. Although platinum agents have 
shown effective clinical outcomes for BRCA-mutated TNBC, 
they should also be considered as an option for treating advanced 
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TNBC without BRCA mutations. 
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The authors report a case of a 78-year-old female with a history of gastric surgery 35 years ago. 
She was initially misdiagnosed as gastric cancer bleeding and underwent an emergency lapa-
rotomy under the diagnosis of jejunogastric intussusception (JGI), 23 hours after the onset of 
symptoms. We also reviewed 116 JGI case reports and analyzed clinical features and outcomes. 
Compared to the past, diagnosis of JGI is easier with diagnostic examinations such as an endos-
copy, computed tomography, and the upper gastrointestinal series. And a good prognosis can be 
expected with proper fluid resuscitation and surgical reduction, even if the symptoms persist 
more than 48 hours. 
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Introduction 

Jejunogastric intussusception (JGI) occurs in only about 0.1% of 
gastro-enteric anastomosis and was first reported by Bozzi in 1914 
[1,2]. In literature, approximately 300 cases have been reported 
and the interval from previous gastric surgery to JGI occurrence 
varies from days to decades [3,4]. Unawareness about the disease 
entity of JGI among clinicians causes an increase in mortality rate 
due to late diagnosis or misdiagnosis of JGI as gastric malignancy 
or bezoar. In the present case, we introduce a JGI patient who was 
misdiagnosed with gastric cancer bleeding and underwent surgi-
cal reduction 23 hours after onset of symptoms. We also reviewed 
previously published JGI case reports that were able to identify 
basic clinical information. We analyzed the clinical features and 
outcomes of 116 JGI case reports in the discussion section. 

Case 

This study was approved by the Institutional Review Board of 

Case report
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Yeungnam University Hospital (IRB No: 2020-01-004). 
A 78-years-old female visited the emergency room of the local 

hospital due to sudden and continuous epigastric pain from the 
previous evening. On abdominal computed tomography (CT), 
gastric distension with intragastric mass was found (Fig. 1) and 
old bloody drainage through Levin tube was seen. Under diagno-
sis of gastric cancer bleeding, she was transferred to the emergen-
cy room of Yeungnam University Hospital for further evaluation 
and management. 

At the time of arrival, the patient’s vital signs were stable and the 
color of drainage through Levin tube was yellowish. She had med-
ical history of hypertension, diabetes mellitus, pneumonia (1 
month back) and surgical history of distal gastrectomy (35 years 
back). 

Physical examination revealed a soft and mild distended abdo-
men with upper midline scar. There was a palpable mass and mild 
tenderness on left upper abdomen. There was no rebound tender-
ness or guarding sign. The laboratory examination showed leuko-
cytosis (white blood cell count, 23.07 K/µL; neutrophil, 93.4%) 
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and other findings including hemoglobin within normal range. 
The emergency medicine doctor in author’s center also misdi-

agnosed JGI as gastric cancer bleeding and consulted an internal 
medicine doctor for endoscopy. After 6 hours, internal medicine 
doctor performed endoscopy and recommended consulting gen-
eral surgery department for gastric malignancy (Fig. 2). Initially, 
authors were not aware of the disease entity of JGI. However, con-
tinuous abdominal pain and leukocytosis without anemia could 

not be regarded as mere symptoms of gastric cancer. After review-
ing findings of endoscopy and CT, we performed an emergency 
laparotomy under the diagnosis of JGI. 

The afferent loop was dilated and about 60 cm of efferent loop 
was intussuscepted into dilated stomach through gastro-jejunos-
tomy site. After manual reduction and warm saline irrigation, 
there was no leading point and distal half of intussuscepted jeju-
num was not viable. Segmental resection of necrotic bowel was 

Fig. 1. Computed tomography findings of the jejunogastric intussusception patient. Both coronal (A) and axial view (B) show the 
intussuscepted jejunal loop (arrow) with the entrapped mesenteric vessel and fat (arrowhead) in the dilated stomach.

Fig. 2. Endoscopic findings of jejunogastric intussusception patient. (A) A bulky and congestive mass is seen (B) edematous mucosal fold 
(arrow) and the lumen (arrowhead) of intussuscepted jejunum is seen.
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performed. And efferent loop was fixed to distal body of remnant 
stomach and mesentery of transverse colon to prevent recurrence 
of JGI. Due to postoperative pneumonia, patient was discharged 
on the 26th day of surgery. 

Discussion 

The mean age of 100 JGI patients was 55 years (range, 27–83 
years). There were 68 males (65.4%) and 36 females (34.6%). 
There were 83 cases (87.4%) that had a previous surgery for be-
nign disease (80 cases of peptic ulcer, three cases of morbid obe-
sity) and 12 cases (12.6%) had previous surgery for malignant 
disease (11 cases of gastric cancer, and one case of gall bladder 
cancer). The mean interval from previous surgery to diagnosis of 
JGI was 12.4 ± 10.6 years (range, 2 days to 55 years; n = 107) (Ta-
ble 1). Shackman [5] classified JGI into three types according to 
the intussuscepted limb, type I (antegrade intussusception of the 
afferent limb, 16%), type II (retrograde intussusception of the ef-
ferent limb, 74%), type III (combined form, 10%). Brynitz and 
Rubinstein [6] classified JGI into four types by adding type IV 
(intussusception through Braun’s side to side anastomosis). In our 
results, the percentage of each type was slightly different, but type 
II was most common type as shown. Among 116 cases, there 
were five cases (4.3%) of type I, 98 cases (84.5%) of type II, five 
cases (4.3%) of type III, and eight cases (6.9%) of type IV (Table 
1). The author’s case was type II, which is the most common type 
of JGI. 

The pathogenesis of JGI remains unclear. But it is thought that 
mechanical factors and functional factors affect the occurrence of 
JGI [7]. Functional factors include hyperperistalsis due to hyper-
acidity or spasm and retrograde peristalsis due to jejunitis or in-
creased abdominal pressure [8]. Mechanical factors include post-
operative adhesion, dilatation of bowel following gastrectomy, 
and long afferent loop or mesentery [9]. 

There were 100 cases (86.2%) of JGI with acute symptoms, 
seven cases (6%) of JGI with chronic symptoms, and nine cases 
(7.8%) of JGI with acute on chronic symptoms. Most JGI shows 
acute manifestations, but some appear to be chronic and may 
change to acute if the diagnosis is delayed (Table 1). In the au-
thor’s case, patient complained of sudden and continuous epigas-
tric pain and physical examination showed a palpable mass on the 
upper abdomen. Severe colicky epigastric pain, hematemesis, 
presence of a palpable mass, and vomiting are acute symptoms of 
JGI [10]. Of the 101 cases that mentioned specific symptoms, 
there were 89 cases (88.1%) with abdominal pain, 96 cases (95%) 
with vomiting, and 52 cases (51.5%) with hematemesis. Hemate-
mesis (51.5%) and palpable mass (34.5%) were not as common 

Table 1. Clinical features of jejunogastric intussusception patients

Variable Value
Age (yr, n=100) 55.0±14.2 (27−83)
Sex (n=116)
 Male 68 (65.4)
 Female 36 (34.6)
 N/M 12
Type (n=116)
 I 5 (4.3)
 II 98 (84.5)
 III 5 (4.3)
 IV 8 (6.9)
Previous disease (n=116)
 Benign 83 (87.4)
 Malignant 12 (12.6)
 N/M 21
Interval (yr, n=107) 12.4±10.6 (2 days−55 years)
Symptom (n=116)
 Acute 100 (86.2)
 Chronic 7 (6.0)
 Acute on chronic 9 (7.8)
Duration of acute symptom (hr, n=34) 45.7±43.4 (1−168)
Abdominal pain (n=116)
 Negative 12 (11.9)
 Positive 89 (88.1)
 N/M 15
Vomiting (n=116)
 Negative 5 (5.0)
 Positive 96 (95.0)
 N/M 15
Hematemesis (n=116)
 Negative 49 (48.5)
 Positive 52 (51.5)
 N/M 15
Palpable mass (n=116)
 Negative 57 (65.5)
 Positive 30 (34.5)
 N/M 29
Laboratory findings (n=116)
 Non-specific 32 (66.7)
 Leukocytosis only 5 (10.4)
 Anemia only 3 (6.3)
 Both 8 (16.7)
 N/M 68

Values are presented as mean±standard deviation (range) or number (%).  
JGI, jejunogastric intussusception; N/M, not mentioned.

as abdominal pain (88.1%) and vomiting (95%) (Table 1). The 
color of vomit might change from clear to coffee color with the 
progression of ischemia of intussuscepted limb. If clinicians know 
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the disease entity of JGI, it becomes easier to diagnosis JGI with 
acute symptoms with endoscopy or CT. But if the intussusception 
of limb is intermittent and self-reversible, patient may complain of 
vague and chronic symptoms like recurrent bouts of epigastric 
area and nausea [11]. Diagnosis of JGI with chronic manifestation 
is difficult and can be performed by timely examination when the 
symptoms are present [10]. Of the 48 cases that mentioned labo-
ratory findings, there were 32 cases (66.7%) with non-specific 
findings, five cases (10.4%) with leukocytosis, three cases (6.3%) 
with anemia, eight cases (16.7%) with anemia and leukocytosis 
(Table 1). Therefore, even if the laboratory finding is within nor-
mal limit, the diagnosis of JGI cannot be ruled out. 

Endoscopy and abdominal CT are diagnostic examinations of 
JGI [12,13]. During endoscopy, intussuscepted jejunum is visual-
ized. And the nature of intussuscepted jejunum can be various 
from small intussuscepted jejunum with viable mucosa to bulky 
congestive mass according to the length of jejunum and degree of 
ischemia. On the axial and coronal view of CT, intussuscepted je-
junal loop with entrapped mesenteric vessel and fat is seen in di-
lated stomach. Several signs such as claw sign on axial view and 
target sign on sagittal view are also helpful in the diagnosis of JGI 
[14]. Of the 79 cases with mention of diagnostic examinations, 
there were 46 cases (58.2%) endoscopy, 36 cases (45.6%) with 
CT, 26 cases (32.9%) with upper gastrointestinal (UGI) series, 
and 12 cases (15.2%) with ultrasonography. Although UGI series 
and ultrasonography were not as commonly performed diagnostic 
test as endoscopy and CT, but they also were useful in diagnosis of 
JGI. In most JGI cases before 1970, JGI was clinically diagnosed 
with reference to an abdominal X-ray or UGI series (Table 2). 

The treatment of choice for JGI is the surgical reduction of in-
tussuscepted bowel with correction of dehydration and electrolyte 
disturbance [10]. Also, fixation of intussuscepted limb to adjacent 
tissues such as parietal wall, transverse colon mesentery, and 
stomach is required to prevent recurrence of JGI [14]. Authors 
fixed efferent loop to remnant stomach and transverse colon mes-
entery. In addition to manual reduction and fixation, bowel resec-
tion might be required according to viability of intussuscepted je-
junum [15]. There were 82 cases (85.4%) with a surgical treat-
ment. Among these cases, 41 cases (52.6%) had an additional 
bowel resection and 22 cases (32.4%) had fixation to adjacent tis-
sue. There were six cases of recurrence after surgical treatment, of 
which two cases had a fixation procedure during previous surgery. 
Therefore, it is hard to say that the fixation can completely prevent 
the recurrence of JGI (Table 2). 

Endoscopic reduction of JGI is a possible option in the treat-
ment of JGI through which general anesthesia and surgical com-
plications such as pneumonia and wound infection can be avoid-

Table 2. Diagnosis, treatment, and outcomes of jejunogastric 
intussusception patients

Variable No. (%)
Upper gastrointestinal series (n=116)
 Not done 53 (67.1)
 Done 26 (32.9)
 N/M 37
Ultrasonography (n=116)
 Not done 67 (84.8)
 Done 12 (15.2)
 N/M 37
Endoscopy (n=116)
 Not done 33 (41.8)
 Done 46 (58.2)
 N/M 37
Computed tomography (n=116)
 Not done 43 (54.4)
 Done 36 (45.6)
 N/M 37
Treatment method (n=116)
 Spontaneous reduction 3 (3.1)
 Surgical reduction 80 (83.3)
 Endoscopic reduction 6 (6.3)
 Surgery after endoscopy 2 (2.1)
 No reduction 5 (5.2)
 N/M 20
Bowel resection (n=82)a)

 Not done 37 (47.4)
 Done 41 (52.6)
 N/M 4
Fixation (n=82)a)

 Not done 46 (67.6)
 Done 22 (32.4)
 N/M 14
Recurrence (n=108)b)

 Negative 80 (90.9)
 Positive 8 (9.1)
 N/M 20
Prognosis (n=116)
 Well recovered 88 (91.7)
 Died 8 (8.3)
 N/M 20

N/M, not mentioned.
a)Number of cases with surgical reduction. b)Number of death cases 
excluded.

ed [16]. Nevertheless, endoscopic reduction of JGI has a signifi-
cant risk of recurrence and should not be performed in situation 
where bowel ischemia or peritoneal irritation sign is suspected 
[17]. There were six cases (6.3%) of endoscopic reduction, of 
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which two cases recurred. The recurrence rate of an endoscopic 
reduction (2 out of 6, 33.3%) was higher than the recurrence rate 
of a surgical reduction (6 out of 82, 7.3%) (Table 2). 

In this case, due to initial misdiagnosis, the surgical reduction 
was performed 23 hours after occurrence of sudden epigastric 
pain. It has been reported that if surgical treatment is performed 
within first 48 hours, the mortality rate of JGI patient can be 
about 10%, if not, may increase over 50% [18]. In our results, only 
34 out of 100 acute JGI cases mentioned the duration of the 
symptoms. The mean duration of acute symptom was 45.7 ± 43.4 
hours and ranged 1 hour to 7 days (Table 1). The mortality rate 
was 8.3% (8 out of 96) and all mortality cases were reported be-
fore 1970s. Interestingly, all JGI case reports after 1970 had endo-
scopic or surgical reduction and had good prognosis regardless of 
the duration of the symptoms (Table 2, Fig. 3). 

If clinicians are aware of the disease entity of JGI, JGI is easily 

diagnosed by various examinations such as endoscopy, CT, and 
the UGI series. And a good prognosis can be expected even if the 
symptoms persist more than 48 hours, provided adequate fluid 
resuscitation and surgical reduction are performed. 
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Fig. 3. Numbers of well recovered (A) and died (B) jejunogastric intussusception cases are demonstrated by published year.
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Introduction 

During pregnancy, cardiac output increases and hormone levels 
fluctuate. These physiological changes in pregnant women often 
cause retinal and choroidal diseases or worsen preexisting retinal 
and choroidal conditions [1,2]. For example, the incidence of 
central serous chorioretinopathy (CSC) and circumscribed cho-
roidal hemangioma (CCH) increase during pregnancy [3,4]. 
Specifically, these diseases become exacerbated during the third 
trimester and spontaneously regress after childbirth [5,6]. Here, 
we present a case of a pregnant woman with a choroidal mass 
causing serous retinal detachment (SRD) during the first trimes-
ter of pregnancy that resolved spontaneously after an abortion. 

Case 

This study was approved by the Institutional Review Board of the 
Keimyung University Dongsan Hospital (IRB No: DSMC 2020-
02-070). The patient provided written informed consent for pub-

lication of clinical details and images.
A 40-year-old woman was referred to our hospital with a 3-day 

history of visual disturbance in her left eye. The patient was a pri-
migravida who was in her first trimester of pregnancy (7 weeks) at 
the time of referral. She did not have gestational hypertension or 
diabetes. Her left eye initially had a best-corrected visual acuity 
(BCVA) of 20/50 (according to the Snellen chart) and an intra-
ocular pressure (IOP) of 15 mmHg. Her right eye had a BCVA of 
20/20 and an IOP of 17 mmHg. Examination of the fundus re-
vealed an orange-red retina in the left eye with posterior pole ele-
vation (Fig. 1A). 

Optical coherence tomography (OCT; DRI OCT Triton, Top-
con, Tokyo, Japan) revealed a thick ( > 500 µm) elevated choroid, 
an SRD, compression of the choriocapillaris, and a choroidal mass 
located between the choriocapillaris and the outer choroidal tis-
sue in the left eye (Fig. 1B). We avoided fluorescein angiography 
(FA) and indocyanine green angiography (ICGA) because of 
their possible teratogenicity. The patient was diagnosed with a 
choroidal mass. The appearance of the mass suggested possible 

Pregnancy-related ocular diseases develop mostly in the third trimester of pregnancy. Here, we 
describe a case of a pregnant woman with a choroidal mass that caused a serous retinal detach-
ment during the first trimester of pregnancy. The patient’s condition resolved spontaneously after 
an abortion. 
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CCH. We decided to closely monitor the changes in the patient’s 
BCVA and the progression of her SRD. 

One month later, the patient revisited our clinic after having 
had an abortion during her 9th week of pregnancy. Her left-eye 
BCVA was 20/20 and her IOP was 14 mmHg. Examination of 
the fundus showed that the elevated retinal height had decreased 
and that the retinal surface exhibited a patchy yellowish discolor-
ation (Fig. 2A). OCT revealed a decreased SRD with visible fine 
lamellar lines of the choroidal lesion (Fig. 2B). FA (HRA-2; Hei-
delberg Engineering, Dossenheim, Germany) revealed patchy hy-
perfluorescence in the area corresponding with the previously ele-
vated retina during the arteriovenous phase (Fig. 3A) with late-
phase staining (Fig. 3B). ICGA revealed early hypofluorescence 

(Fig. 3C), followed by diffuse confluent fluorescence during the 
late phase (Fig. 3D). We requested that the patient visit the hospital 
3 months later, however she was lost during this follow-up period. 

Discussion 

CCH appears as an indistinct, round-to-oval, orange-red mass lo-
cated posterior to the equator of the eye [6]. CSC is characterized 
as an accumulation of subretinal fluid that causes circumscribed 
neurosensory retinal detachment [7]. Distinguishing between 
these diseases during pregnancy is difficult because using either 
FA or ICGA is discouraged during this period owing to their pos-
sible teratogenicity [5]. In this case, at 7 weeks of pregnancy, we 

Fig. 1. Fundus photograph and optical coherence tomography of the left eye obtained on the initial visit. (A) An elevated orange-red 
retina is visible at the posterior pole. (B) Optical coherence tomography reveals a thick choroid, compression of the choriocapillaris, and 
serous retinal detachment with a choroidal mass (arrow).

Fig. 2. Fundus photograph and optical coherence tomography of the left eye obtained 1 month after the initial visit. (A) The height of the 
elevated retina is reduced and patchy yellowish discoloration is seen. (B) The serous retinal detachment is resolved and fine lamellar lines 
within the choroidal lesion are visible (arrow).
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initially suspected CCH because of the lesion’s orange-red elevat-
ed appearance, the presence of SRD, and the presence of a thick 
and elevated choroid with an associated mass. Additionally, we 
eliminated the possibility of CSC as it typically develops in wom-
en with pre-eclampsia [8]. FA and ICGA were performed after 
the patient’s abortion. FA revealed early patchy hyperfluorescence 
with late-phase staining, and ICGA revealed early hypofluores-
cence with later diffuse confluent fluorescence. The FA findings 
are consistent with the CCH diagnosis, as CCH is characterized 
by a stippled choroidal hyperfluorescence followed by increasing 
hyperfluorescence and progressive staining of the tumor. Howev-
er, these FA characteristics are not pathognomonic for CCH. Un-
like the FA findings, the ICGA findings are inconsistent with the 
CCH diagnosis, as CCH manifests as extreme early hyperfluores-
cence that decreases in the later phases (known as the "washout" 
phenomenon) [9]. Compression of the choriocapillaris was visi-
ble upon the initial OCT, however CCH typically develops in the 
absence of choriocapillaris compression [10]. 

Choroidal osteomas are benign, rare, ossifying choroidal tu-
mors that typically affect the juxtapapillary and macular areas of 
young healthy females [11]. The color of the choroidal osteoma 

depends on the depigmentation of the retinal pigment epithelium 
[12]. In our case, an orange-red lesion in the fundus was seen at 
an early stage, which is in line with the diagnostic features of 
CCH. The fine lamellar lines found within the choroidal mass 
during OCT after the patient’s abortion indicated the possible 
presence of an early choroidal osteoma. Moreover, ICGA of cho-
roidal osteoma usually reveals early hypofluorescence and late-
phase hyperfluorescence [13]. However, we did not perform 
B-scan ultrasonography in this case, which was consistent with a 
previous study [14]. After the patient’s abortion her decreased vi-
sual acuity improved and her SRD resolved, which implies that 
her pregnancy was directly related to the growth of the choroidal 
mass. While the mechanism remains unclear, we postulated that 
the increase in maternal cardiac output during the first trimester 
may have caused hyperpermeability of the vascular channels with-
in the choroidal mass, which may have led to its exaggerated ap-
pearance [15]. 

In conclusion, it is possible for SRD to develop in first trimester 
of pregnancy along with an associated choroidal mass. This SRD 
will most likely resolve spontaneously after an abortion or the ter-
mination of pregnancy. Our finding highlights the direct correla-
tion between pregnancy and choroidal masses, which may help 
physicians and specialists anticipate these issues in pregnant pa-
tients.  
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Introduction 

Pyogenic liver abscess (PLA) is defined as a mass of cystic lesions 
in the liver with clinical manifestations, including fever, chills, and 
abdominal pain, which can be caused by either bacterial, fungal, 
or parasitic organisms [1-3]. The most common causative patho-
gen of PLA is Klebsiella pneumoniae (KP). KP can invade the liver 
via many routes, including the biliary tract, hepatic arteries, and 
portal vein and through direct invasion from an adjacent infected 
organ [4-6]. Hematogenous PLA is closely associated with colon-

Synchronous gastric cancer and adenomatous colorectal polyp in patients with Klebsiella pneu-
moniae-induced pyogenic liver abscess (KP-PLA) and bacteremia is a rare presentation. A 
58-year-old man with a 6-month history of diabetes mellitus (DM) presented with febrile sensa-
tion and dull abdominal pain in the right upper quadrant of the abdomen. Subsequent to labora-
tory test results and abdominal computed tomography findings, KP-PLA with bacteremia was di-
agnosed. After intravenous antibiotic administration, his symptoms improved, and upper endos-
copy and colonoscopy were performed to evaluate the cause of KP-PLA. Biopsy specimens of the 
prepyloric anterior wall revealed a moderately differentiated adenocarcinoma. Endoscopic muco-
sal resection of the colon revealed high-grade dysplasia. Early gastric cancer (EGC) and adeno-
matous colorectal polyps with high-grade dysplasia concomitant with KP-PLA and bacteremia 
were diagnosed in our patient who had DM. Intravenous antibiotic treatment for KP-PLA, subto-
tal gastrectomy for EGC, and colonoscopic mucosal resection for the colon polyp were performed. 
After 25 days of hospitalization, subtotal gastrectomy with adjacent lymph node dissection was 
performed. Follow-up ultrasound imaging showed resolution of the abscess 5 weeks post-antibi-
otic treatment, as well as no tumor metastasis. Upper gastrointestinal endoscopy and colonosco-
py should be performed to evaluate gastric cancer in patients with PLA or bacteremia, accompa-
nied with DM or an immunocompromised condition. 
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ic mucosal injuries such as colon cancer, intestinal tuberculosis, 
colonic diverticulitis, and inflammatory bowel disease (IBD) 
[3,7]. However, there are few reported cases of PLA with gastric 
cancer [3,7]. 

Herein, we present a rare case of early gastric cancer (EGC) and 
adenomatous colonic polyp with high-grade dysplasia concomi-
tant with KP-induced PLA (KP-PLA) and bacteremia in a patient 
with diabetes mellitus (DM).  
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Case 

This study was approved by the Institutional Review Board of the 
Yeungnam University Hospital (IRB No: 2019-10-031). All au-
thors declare that written informed consent was obtained from 
the patient for publication of this case report and accompanying 
images. 

A 59-year-old man with a history of continuous dull pain in the 
right upper quadrant of the abdomen and chilling sensations for 
the previous 2 days visited our hospital. He had a 6-month history 
of DM and 2-year history of hypertension, for which he had not 
been prescribed any medication. His vital signs were as follows: 
blood pressure, 142/86 mmHg; heart rate, 98 beats/min; respira-
tory rate, 22 breaths/min; and body temperature, 39.6°C. Physical 
examination revealed tenderness in the right upper quadrant of 
the abdomen without a positive Murphy’s sign. Blood chemistry 
results were as follows: white blood cell count, 15,520/μL (neu-
trophil count 82.8%, lymphocyte count 6.8%); hemoglobin, 11.8 
g/dL; platelets, 188 × 103/μL; erythrocyte sedimentation rate, 
120 mm/hr (range, < 25 mm/hr); C-reactive protein, 32.3 mg/
dL (range, < 0.5 mg/dL); total bilirubin, 1.16 mg/dL; aspartate 
aminotransferase, 102 IU/L; alanine aminotransferase, 87 IU/L; 
alkaline phosphatase, 130 IU/L; gamma-glutamyl transferase, 56 
IU/L; albumin 3.66 g/dL; and creatinine, 0.7 mg/dL. Abdominal 
computed tomography revealed a low attenuated lesion measur-
ing approximately 2.1 × 1.8 cm in size with an irregular margin in 
the eight segments of the liver with no intrahepatic biliary abnor-
malities (Fig. 1). The patient was diagnosed with PLA, and anti-
biotics, including intravenous ceftriaxone and metronidazole, 

were preemptively administered. His clinical symptoms im-
proved, and after KP was identified in blood cultures, ceftriaxone 
monotherapy was administered. 

After 15 days of hospitalization, upper endoscopy and colonos-
copy were performed to determine the cause of KP-PLA. Upper 
endoscopy and colonoscopy revealed ill-defined nodular lesions 
measuring approximately 2 cm in size from the anterior wall to 
the lesser curvature of the prepyloric antrum and a pedunculated 
polyp in the sigmoid colon measuring approximately 1.5 cm in 
size (Fig. 2A, 2B). Biopsy specimens of the prepyloric anterior 
wall revealed a moderately differentiated adenocarcinoma. Endo-
scopic mucosal resection of the colon revealed high-grade dyspla-
sia (Fig. 2C, 2D). After 25 days of hospitalization, the patient un-
derwent subtotal gastrectomy with adjacent lymph node dissec-
tion. His final diagnosis was a moderately differentiated adenocar-
cinoma in type 1 EGC (pT1aN0) that was classified by the 
American Joint Committee on Cancer. Follow-up ultrasound im-
aging showed resolution of the abscess 5 weeks post-antibiotic 
treatment and no tumor metastasis. 

Discussion 

Liver abscesses, characterized by the spreading of various infec-

Fig. 1. Initial abdominal computed tomography shows a low 
attenuated lesion (arrow) measuring approximately 2.1×1.8 cm in 
size with an irregular margin in the right liver lobe in the portal 
phase.

Fig. 2. (A) Upper gastroscopy shows several nodular lesions 
(arrow) measuring 2 cm in size with an irregular margin with 
erosion from the anterior wall to the lesser curvature of the 
prepyloric antrum. (B) Colonoscopy shows a pedunculated polyp 
measuring approximately 1.5 cm in size at the sigmoid colon. (C) 
The prepyloric nodular lesions show moderately differentiated 
adenocarcinoma (hematoxylin and eosin [H&E] stain, ×100). (D) 
The resected colon polyp shows tubular adenoma with high-
grade dysplasia. Tumor cells have hyperchromatic nuclei, with 
cribriform pattern (H&E stain, ×100).
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tious pathogens via either the biliary tract, portal vein, or hepatic 
artery; infection from an adjacent organ; or the accumulation of 
exudate, are grouped into either PLA or amebic liver abscess 
[1,2]. The recent improvement in public health in Korea has re-
sulted in reducing the prevalence of amebic liver abscess, whereas 
PLA accounts for 73%–96% of liver abscesses, with KP being the 
primary causative pathogen [8]. In particular, immunocompro-
mised patients with KP-PLA and conditions such as DM or can-
cer are at a risk of severe complications, including bacteremia, sep-
tic shock, and multiple organ failure [8]. 

Classically, PLA pathogenesis develops because of an ascending 
bacterial infection acquired via the biliary tract and typically origi-
nates from pylephlebitis accompanied by appendicitis and chol-
angitis owing to biliary tract surgery or gallbladder stones [5,6,8]. 
Hematogenous PLA is acquired from the hepatic portal vein or 
artery, which occurs because of a mucosal injury owing to colon 
cancer, colonic diverticulitis, or IBD [9,10]. Through this same 
mechanism, gastric cancer can lead to PLA via the hematogenous 
spread of infection from the hepatic portal vein [3,7]. 

However, because gastric acid eliminates the main causative 
pathogens, including KP, PLA rarely occurs despite the disruption 
of mucosal barriers caused by conditions such as gastric ulcers in 
immunocompetent hosts. Therefore, immunosuppressive condi-
tions, including DM or malignant tumors, may accompany PLA 
and allow for the migration of pathogens via the compromised 
gastric mucosa, leading to distant-site infections such as KP-PLA 
[11]. 

In our study, mucosal injury owing to EGC enabled the hema-
togenous spread of KP via the portal vein, leading to KP-PLA 
with bacteremia. The putative mechanisms underlying KP-PLA 
with bacteremia are concomitant immunosuppressive conditions 
such as DM and gastric cancer. As previously mentioned, immu-
nosuppressive conditions may be related to reduced eradication 
rates of stomach bacteria and reduced opsonized functions of the 
reticular endothelial systems such as Kupffer cells in the liver [7]. 
Finally, the decreased phagocytic activity associated with a weak-
ened immune system may have led to the development of PLA 
with bacteremia in our case. 

This study had some limitations. First, adenomatous colorectal 
polyps with high-grade dysplasia as precancerous lesions are asso-
ciated with the ascending hematogenous spread of bacterial infec-
tion via the portal vein. However, definite evidence of mucosal in-
jury of the colon polyp unlike EGC was not documented in the 
pathology report. Second, it is unclear whether the major cause of 
PLA is DM or mucosal injury, and it is difficult to explain the 
cause-and-effect relationship. It is clear that DM alone is a trigger 
for PLA. Despite the short duration of DM, mucosal injury in pa-

tient with DM is thought to accelerate the formation of PLA. 
To the best of our knowledge, this is the first English-written 

case of EGC and adenomatous colorectal polyp with high-grade 
dysplasia concomitant with KP-PLA and bacteremia. Based on 
our case findings, upper gastrointestinal endoscopy can be per-
formed for immunocompromised patients or patients with DM 
and PLA or bacteremia to screen for gastric cancer. However, fur-
ther studies are needed to establish the association between PLA 
and gastric cancer in patients with PLA. 
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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-
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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. 

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 YUJM website (https://www.e-yu-
jm.org/authors/ethics.php) including each patient’s signature. 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).

Permission

If any portion of a manuscript has been previously published, the 
original source must be acknowledged, and the written permis-
sion from the copyright holder to reproduce the material must be 
submitted. It is the responsibility of the author to request permis-
sion from the publisher for any material that is being reproduced. 
This requirement applies to text, illustrations, and tables.

Article processing charges

Manuscripts that have accepted will be charged 200,000 won. The 
surcharge for color figures is none.

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 YUJM has no respon-
sibility for such changes.
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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.councilscienceedi-
tors.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 Associ-
ation of Medical Journal Editors (KAMJE, https://www.kamje.
or.kr/en/main_en). All studies involving human subjects or hu-
man data must be reviewed and approved by a responsible Institu-
tional Review Board (IRB). Please refer to the principles embodied 
in the Declaration of Helsinki (https://www.wma.net/poli-
cies-post/wma-declaration-of-helsinki-ethical-principles-for-med-
ical-research-involving-human-subjects/) for all investigations in-
volving human materials. Animal experiments also should be re-
viewed 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 obtained from the study participants. The editor of YUJM 
may request submission of copies of informed consents from hu-
man subjects in clinical studies or IRB approval documents. The 
YUJM 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 YUJM asks referees to let its editor know of any conflicts of 
interest before reviewing a particular manuscript.

Authorship

Each author is expected to have made substantial contribution to 
the conception or design of the work; or the acquisition, analysis, 
or interpretation of data; or the creation of new software used in 
the work; or have drafted the work or substantively revised it; 
AND to have approved the submitted version (and any substan-
tially modified version that involves the author’s contribution to 
the study); AND to have agreed both to be personally account-
able for the author’s own contributions and to ensure that ques-
tions related to the accuracy or integrity of any part of the work, 
even ones in which the author was not personally involved, are 
appropriately investigated, resolved, and the resolution docu-
mented in the literature.

Those who do not meet the above criteria should be acknowl-
edged as contributors instead of authors. The corresponding au-
thor is responsible for completing this information at submission, 
and it is expected that all authors will have reviewed, discussed, 
and agreed to their individual contribution ahead of this time.

When a large, multicenter group has conducted the work, the 
group should identify the individuals who accept direct responsi-
bility for the manuscript. When submitting a manuscript au-
thored by a group, the corresponding author should clearly indi-
cate the preferred citation and identify all individual authors as 
well as the group name. Journals generally list other members of 
the group in the Acknowledgements. Acquisition of funding, col-
lection of data, or general supervision of the research group alone 
does not constitute authorship.

Contributor Roles Taxonomy (CRediT)
• Conceptualization
• Data curation
• Formal analysis
• Funding acquisition
• Investigation
• Methodology
• Project administration
• Resources
• Software
• Supervision

Research and publication ethics  

viiviivi



• Validation
• Visualization
• Writing - original draft
• Writing - review & editing

Redundant publication and plagiarism

Redundant publication is defined as “reporting (publishing or at-
tempting to publish) substantially the same work more than once, 
without attribution of the original source(s)”. Characteristics of 
reports that are substantially similar include the following: (a) “at 
least one of the authors must be common to all reports (if there 
are no common authors, it is more likely plagiarism than redun-
dant publication),” (b) “the subjects or study populations are the 
same or overlapped,” (c) “the methodology is typically identical 
or nearly so,” and (d) “the results and their interpretation generally 
vary little, if at all.”

When submitting a manuscript, authors should include a letter 
informing the editor of any potential overlap with other already 
published material or material being evaluated for publication and 
should also state how the manuscript submitted to YUJM differs 
substantially from other materials. If all or part of your patient 
population was previously reported, this should be mentioned in 
the Methods, with citation of the appropriate reference(s).

The duplication will be checked through crosscheck (https://
app.ithenticate.com) or eTBLAST (https://helioblast.heliotext.
com) before submission. If duplicate publication related to the pa-
pers of this journal is detected, the manuscripts may be rejected, 
the authors will be announced in the journal, and their institutes 
will be informed. There will also be penalties for the authors.

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. YUJM 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

YUJM 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 
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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 YUJM will discuss the suspected cases and 
reach a decision. YUJM 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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