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Abstract

This article presents a review of contemporary literature and describes our experiences in incorporating
integrated table motion (ITM) into the da Vinci Xi system when performing robotic-assisted surgery. In our experience
thus far, ITM has been a safe application that makes robotic-assisted surgeries more convenient, especially in deep

pelvic manipulation or multi-target surgeries.

Key words: Urological cancer, Urological surgery, Robotic surgery, Table motion, da Vinci Xi

Introduction

With the recent advances in technology, sur-
geries have evolved from the traditionally open
methods to laparoscopic ones, marking the age
of minimally invasive and contemporary robotic
surgery. In the past, surgery had been frequently
linked with a melancholy disposition in patients and
troublesome perioperative morbidities that frus-
trated attending surgeons. The introduction of mini-
mally invasive surgery combined with fast-track peri-
operative care has helped surgeons considerably
lower the risk of morbidities. Evidence supporting
the benefits could be seen in milder inflammatory
reactions after minimally invasive surgery than after
open surgerylll. The advantages of minimally inva-
sive surgery have helped shorten hospital stays
and improve patients’ quality of lifelZ, especially in

*Correspondence to: Dr. Yen-Chuan Ou, Division of urology,
Department of Surgery, Tungs’ Taichung MetroHarbor Hos-
pital, No. 699, Sec. 8, Taiwan Blvd., Wugi Dist., Taichung City
43503, Taiwan, (R.0.C.)

patients after extirpative surgeries. Equipped with
similar skills in accessing surgical targets, robotic
surgery features more delicate surgical manipula-
tions than laparoscopic surgery at any desired angle.
In fact, robotic-assisted surgery can be more spe-
cifically called computer-assisted surgery. With the
console as the brain of the facility, surgeons are thus
allowed to freely magnify the fields in three-dimen-
sional fashion and access any corner of the human
body. Unlike the rigid equipment of laparoscopic
surgery, the nimble hinge can simulate the joints
of a human body, allowing sophisticated tractions,
repairs, and incisions to nearly any target. Even in
some surgeries such as trans-abdominal hernioplasty,
surgeons can perform the operation without assis-
tants after the ports are established.

The advantages of robotic-assisted system are
especially appreciated when dealing with targets in
deep narrow spaces such as pelvic organs. Given the
inverted triangle shape of pelvis, access is limited to a
narrow working space. The conditions are even worse
when the targets are located at the deep distal end
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of this inverted triangle, obscuring the surgical fields.
To further visualize pelvic surgical fields, the surgical
practice of the Trendelenburg position to separate
the entrails from the deep pelvis would be adopted.
However, this steep head-down position, ranging
from 20 to 40 degrees, could significantly impact the
cardiovascular condition of the patient and, even
more, compromise the airway and lead to laryn-
geal edema. One of the major revisions of Intuitive
Robotic Surgical Systems from Si to Xi is that it allows
self-targeting to operator-assigned targets. In the Si
system, any change of position requires undocking
all settled arms and re-docking of desired ports.
However, the self-targeting and wireless connec-
tion abilities of the Xi system can be optimized with
the adjunct of integrated table motion (ITM; TruSy-
stem™ 7000dV OR Table by Trumpf Medical, Saalfeld,
Germany). Using Bluetooth connection, ITM enables
surgeons to run their operations without undocking
settled arms and change positions without inter-
rupting ongoing procedures. This can also benefit
patients, since surgical positions can be more freely
adjusted according to patients’ conditions. Thus,
vulnerable groups such as older populations and
compromised cardiovascular patients can be more
securely monitored.

Materials and Methods

Studies were retrieved using the search terms
“(Integrated Table Motion[MeSH Terms]) AND
((remote operations robotics) OR (remote opera-
tion robotics[MeSH Terms]))” on PubMed, Medline,
Scopus, Web of Science, The Cochrane Library, and
Embase, and only literature above case series would
be considered in this review. Robotic-assisted opera-
tive data from October 17, 2020, to April 17, 2021,
were abstracted from our records in the anesthesia
department and wards. A descriptive review was uti-
lized to summarize the contemporary literature and
descriptive statistical methods were used to conclude
our experiences. This is a brief editorial perspec-
tive and PRISMA guidelines would not be required.
Data analyses were performed using SPSS software
version 26.0 (IBM Corp., Armonk, NY, USA).

Results

Seven articles initially met our criteria for

analysis. After excluding duplicates, four articles!3-¢!
were included in the final analysis and are listed in
Table 1. Onel3! of the four studies was retrieved from
the supplementary page in a journal with only the
abstract available.

A total of 61 male patients who underwent
either radical or simple prostatectomy and 6 patients
who underwent nephroureterectomy were the sub-
jects included in the analysis. The patients’ data are
listed in Table 1. As obtained from medical records,
the median blood pressure was 133/71 (range: 109—
156/61-89) mmHg and 129/69 (range: 104-147/65—
77) mmHg before and after ITM, respectively. The
median heart rates were 71 (range: 65—-88) bpm and
69 (rang: 56—77) bpm before and after ITM, respec-
tively. Blood pressure and heart rate did not vary sig-
nificantly during the operation. Endotracheal tubes
were all removed successfully in the postoperative
room by anesthesiologists. No complications above
Clavien—Dindo grade 2 were noted.

Discussion

The ITM has been used since 2015, and in offi-
cial recommendations, the ideal characteristics of
patients indicated for ITM includes a body mass index
below 45 kg/m?2, age over 18 years old, and health
conditions suitable for minimally invasive surgeries.
Patients allergic to materials of the table, unable to fit
in the table, or unable to get low enough to facilitate
docking cannot undergo surgery with the ITM. All
contemporary studies of ITM analyzed in this study
involved colorectal, gynecological, and urological sur-
geries3-6] indicating that the most beneficial effect
of ITM lies in operations requiring deep-organ dissec-
tions or involving extreme positions. In our urological
surgeries, we found that the ITM helped maintain a
steady blood pressure and heart rate in steep head-
down patient positions, such as during radical pros-
tatectomy and cystectomy, and ease the process of
ports alterations during multi-target surgeries such
as nephroureterectomy.

Radical prostatectomy and pelvic surgeries

Just like colorectal and gynecological surgeries,
urological organs such as the prostate and bladder
are located in deep pelvis as well. In the distal narrow
end of pelvis, a total of three major organs including
prostate, bladder and rectum, are seated here. Asides
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from these, uterus and its adnexa will join this space
if patients are the female. After incising the endo-
pelvic fascia and exploring deep into the pelvis, the
steep head-down position would be required to opti-
mize the surgical fields. In radical prostatectomy, this
position is especially important for the manipulation
of membranous urethra and bladder—urethra anasto-
mosis. Furthermore, the intrinsic sphincter is seated
inside membranous urethra, which should be kept
as intact as possible to prevent incontinence in men
and significantly improve quality life after radical
prostatectomy. At the same time, quality, watertight
suturing of the bladder neck to the urethra stump is
essential to shorten the urinary tract recovery.

To achieve this purpose, ITM could fully exert
its pros in operations. To clearly identify the pros-
tate—bladder neck margin and the incised pros-
tate—urethra margin, the steep head-down position
is often adopted during the surgery. However, this
position will induce several physiological changes. In
the cardiovascular aspect, the position will increase
venous return and elevate mean arterial pres-
sure. In the pulmonary aspect, functional residual
volume will be reduced, and temporary atelectasis
will be induced by cephalic compression due to ele-
vated abdominal pressure. If physiological changes
are combined with excessive intraoperative fluid,
the removal of the endotracheal tube will possibly
be hampered by laryngeal edema. In the neurolog-
ical aspect, intra-cranial and ocular pressure will be
raised. Thus, intraoperative monitoring for patients
with this position will always be attended by anes-
thesiologists. The application of ITM in surgery helps
anesthesiologists with the timely adjustments of
overt physiological changes without interrupting
ongoing procedures. In our medical records, blood
pressure was steadily maintained during radical pros-
tatectomy with the use of ITM, and no airway com-
plications were observed. In our experience, ITM
adjunctive to robotic-assisted radical prostatectomy
is a safe and feasible method.

Radical nephroureterectomy

Unlike radical prostatectomy or cystectomy,
nephroureterectomy requires patients in the right
or left decubitus position. Although these are not
extreme positions, this operation needs surgical
fields from the abdomen to the distal end of the

ureter, which is also located deep in the pelvis. At the
end of this surgery, a watertight seal to the bladder
cuff will need to be performed. In the da Vinci Si
system, the settled ports would need to be undocked
and re-docked after switching the fields. This will take
a while to change the original settings and re-settle
the robotic cart. With this consideration, a lot of urol-
ogists will prefer laparoscopic surgery over robotic
systems. However, with the new Xi system, urolo-
gists only need to undock the two working ports,
and employ the self-target function via the camera
port, enabling them to switch among multiple targets
without needing to move robotic carts. Meanwhile,
the nephroureterectomy requires a surgical field in
the abdomen packed with organs. Changing positions
will sometimes allow the separation of these organs
from the surgical field. In fact, in our experience, a
median of one ITM use will be adopted per operation.

Future perspectives

Ever since the first large comparative studyl”]
conducted in the United States, better oncological
outcomes and continence recovery has been dem-
onstrated in robotic-assisted radical prostatectomy.
The use of robotic systems in minimally invasive sur-
geries has dramatically risen worldwide. The da Vinci
Xi system brings together guidance, self-diagnosis,
education, and integration functions to usher in the
computerized era in surgery. Among these functions,
the ability to integrate with other facilities is espe-
cially exciting and extends the possibilities of future
applications. To create a more optimized environ-
ment, a lot of adjuncts have been developed. ITM is
one of them. Its use in robotic-assisted surgery is safe
without any minor or major complications. With the
dawn of 5G, vastly enhanced connectivity will soon
be integrated to deliver high-volume of data speeds
with ultra-low latency, which would upgrade the
ability of the robotic system to the next level. Aside
from ITM, we anticipate upcoming new adjuncts that
will help advance the computerized age of surgery.
In April 2021, we were among the few hospitals
equipped with two robotic Xi systems in Taiwan, and
our robotic surgery-performing cases had reached
the second place nationwide in the last one year.
We wholeheartedly believe that we would be able
to provide optimized benefits for patients under our
endeavors.
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Abstract

Bladder cancer is the most common malignancy in the urinary system. The major type of bladder cancer is
urothelial cancer, which accounts for 90% of all bladder cancers in the United States and Europe. Recently approved
immunotherapy drugs offer a promising alternative to treating locally advanced urothelial cancer. The new
immunotherapy is delivered by immune checkpoint inhibitors. The molecular mechanism of this immunotherapy
involves blocking the activation of the PD-1/PD-L1 signaling pathway. Programmed death-1 ligand (PD-L1) is a protein
receptor expressed on the surface membrane of cancer cells. Its function is to bind with PD-1 on the surface of immune
cells to activate the cell death program in immune cells. From 2016 to 2017, the U.S. Food and Drug Administration
approved the applications for five immune checkpoint inhibitor drugs for second-line urothelial cancer treatment,
namely, pembrolizumab, atezolizumab, nivolumab, durvalumab, and avelumab. All five drugs are also currently
available in Taiwan. Many patients are interested to know the efficacy of immune checkpoint drugs in urothelial cancer.
Here, we discuss results of the first- and second-line clinical trials for these checkpoint inhibitors to provide patients
and clinicians the information to select the most suitable immunotherapy drug.

Key words: Immunotherapy, PD-1/ PD-L1, immune checkpoint inhibitors, bladder urothelial cancer

Introduction chemotherapy is the standard treatment for locally
advanced urothelial cancer patients who cannot
undergo surgery or have metastatic malignancies.
Although the chemotherapy response rate is high at

the beginning, the survival period is only around 15

Bladder cancer is the most common malignancy
in the urinary system. The major type of bladder
cancer is urothelial cancer, which accounts for
90% of all bladder cancers in the United States and months, and the 5-year survival rate is about 15%!2l.
Europe. Nonurothelial bladder cancers are more When systemic chemotherapy does not prevent
commonly found in other places of the world. cancer progression, second-line chemotherapy
Sometimes, urothelial cancer also affects the renal drugs will be administered, even though the effect

pelvis, ureter, and urethra. In the clinical setting,
25% of bladder cancer patients were diagnosed
with muscle infiltration, cancer cell metastasis,
or progressing cancer cell metastasis(!l. Systemic

#co-first author

*Correspondence to: Hung-Lin Chen, Department of Medical
Research, Tungs’ Taichung MetroHarbor Hospital, No. 699,
Sec. 8, Taiwan Blvd., Wugqi Dist., Taichung City 43503, Taiwan,
(R.O.C.)

is limited. Recently approved immunotherapy drugs
offer a promising alternative to treating locally
advanced urothelial cancer.

The new immunotherapy is delivered using
immune checkpoint inhibitors. The molecular
mechanism of this immunotherapy is based on
blocking the activation of the PD-1/PD-L1 signaling
pathway. Programmed death-1 ligand (PD-L1) is
a protein expressed on the surface membrane of
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cancer cells. Its function is to bind with PD-1 on the
surface of immune cells to activate the cell death
program in immune cells. This in turn enables cancer
cells to avoid death by inducing cell death in immune
cells instead[34l. In other words, cancer cells possess
a special molecular adaption that induces apoptosis
in natural killer cells. As a result, the immune system
loses the ability to identify and attack cancer cells.
The novel immune checkpoint inhibitors are antibody
drugs which can bind to PD-1 or PD-L1. This binding
interrupts PD-1 and PD-L1 interaction, inhibiting the
ability of cancer cells to suppress the activation of the
immune system. Consequently, it helps recover the
number of immune cells that can identify and shrink
tumors. Currently, checkpoint inhibitors have been
shown to improve the survival rate in non-small cell
lung cancer, malignant melanoma, and advanced
renal cell carcinomal®]. Because of their encouraging
findings in cancer therapy, Dr. James P. Allison and Dr.
Tasuku Honjo received the Nobel Prize in Medicine
for their discovery of the biological mechanism of the
PD-1/PD-L1 checkpoint pathway!6.7.8l.

From 2016 to 2017, the U.S. Food and Drug
Administration (FDA) approved the applications
for five immune checkpoint inhibitor drugs for
second-line urothelial cancer treatment, which
are pembrolizumab, atezolizumab, nivolumab,
durvalumab, and avelumab. These drugs are also
currently available in Taiwan. Patients desire to
know the efficacy of immune checkpoint drugs in
urothelial cancerl®]. We discuss the results of the first-
and second-line clinical trials for these checkpoint
inhibitors here and provide information to enable
physicians and patients make an informed decision
with regards the use of immunotherapy.

Immunotherapy as first-line treatment

Due to age or complications such as impaired
renal function, neuropathy, or heart failure, up to
50% of patients with advanced urothelial cancer

are not suitable for cisplatin chemotherapy.
Immunotherapy thus provides a feasible second
option for treatment. Although immunotherapy as
first-line treatment is currently under evaluation,
the initial results of clinical trials on immunotherapy
drugs support the viewpoint that immunotherapy
can be used as first-line drug treatment in urothelial
cancer.[2011 However, more clinical trials and longer
follow-up periods are required to establish this.
Pembrolizumab (PD-1 antibody) and atezolizumab
(PD-L1 antibody) are currently being evaluated in
clinical trials as first-line treatment.

A phase Il study of pembrolizumab recruited
370 patients with advanced urothelial cancer who
were not suitable for cisplatin therapy. Half of these
patients had renal impairment, and the average age
was 74 years old. The treatment duration was up to
two years. Around the 9.5-month of follow-up, the
objective response rate was reported at about 24%,
including 5% with complete response and 19% with
partial response (Table 1)[19. Among those patients
with positive treatment response, those with a
high PD-L1 expression showed higher responses.
However, patients with low PD-L1 expression
still exhibited some response to the treatment.
Therefore, PD-L1 expression could be considered a
sufficient index instead of a necessary index when
patients select immunotherapeutic treatment.

In a phase Il multicenter single-arm clinical trial,
atezolizumab was administered to 119 patients with
urothelial cancer who suffered from advanced or
metastatic bladder cancer and were not suitable
for cisplatin chemotherapy. During approximately
17 months of follow-up, 27 patients (23%) showed
objective response rates, including 11 patients with
complete responses (Table 1). The median overall
survival duration for the entire research was 16
monthst1, In April 2017, atezolizumab received
conditional approval from the U.S. FDA as the initial
treatment for patients who are not suitable for
platinum-based chemotherapy.

Table 1. Immunotherapy as the first-line treatment of bladder urothelial cancer

objective response rate (n)

Antibody n
overall complete response partial response
Pembrolizumab!° PD-1 370 24% (89) 5% (17) 19% (72)
Atezolizumab!! PD-L1 119 23% (27) 9% (11) 14% (16)
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Immunotherapy as second-line treatment

The five immune checkpoint inhibitors were
approved by the U.S. FDA for the second-line
treatment of urothelial cancer patients who had
received platinum-based treatment.

Clinical trial results showed that pembrolizumab
prolonged the overall survival rate of patients with
metastatic urothelial cancer, which worsened after
first-line platinum-based chemotherapy. In a phase llI
clinical trial, 542 patients who relapsed or worsened
after platinum-based therapy were randomly
classified into a pembrolizumab group (n = 270) or a
chemotherapy group (n = 272) (Table 2). Compared
with the chemotherapy group, the overall survival
in the pembrolizumab group significantly increased
about 3 months. In addition, the objective response
rate and adverse reactions in the pembrolizumab
group were significantly better than those in the
chemotherapy groupt2!.

Atezolizumab is a PD-L1 inhibitor. Although
the initial approval of atezolizumab was based on
the results of phase | and phase Il studies in which
patients had been treated with platinum-based
drugs, the most extensive data for atezolizumab
were obtained from a phase lll clinical trial. The study
enrolled 931 metastatic urothelial cancer patients
who had received platinum-based chemotherapy
(Table 2). All subjects were randomly assigned to
the atezolizumab group (n = 467) or chemotherapy
group (n = 464)13], Compared with the chemotherapy
group, the atezolizumab group had a higher objective
response rate and a lower incidence of toxicity.
The role of PD-L1 expression in this atezolizumab
study was also evaluated. Patients with a higher
PD-L1 expression also achieved a better response
to atezolizumab (overall response rate: 23%
atezolizumab vs 13.4% chemotherapy)13l.

Nivolumab is a PD-1 inhibitor and was approved
by the FDA in February 2017. In the phase | and phase
Il studies, nivolumab achieved a significant response
rate in patients with metastatic urothelial cancer that
progressed despite receiving first-line treatment.
In a larger group of two published phase Il studies,
270 patients received nivolumab treatment. The
overall objective response rate obtained was 19.6%
(Table 2). The PD-L1 expression level did not affect
the response rate, but it affected the overall survival
duration. The median overall survival duration in
patients with PD-L1 expression < 1 and 3 1% were 6.0
and 11.3 months, respectively. Nivolumab prolonged
survival to around 5 months[14],

Avelumab is a PD-L1 inhibitor that was approved
for the treatment of advanced urothelial cancer with
response failure to platinum-based chemotherapy. A
study evaluated 161 patients who received avelumab
treatment after platinum-based therapy. According
to a comprehensive analysis, the objective response
rate in the entire study was 17% (Table 2). Six
percent of responsive patients showed a complete
response, whereas 11% had a partial response. In
addition, the study also showed that patients with
PD-L1 expression had a higher response rate (overall
response rate: 24% vs 14%)[15],

Durvalumab is a PD-L1 inhibitor. In a phase
I/ll research, 191 patients received durvalumab
treatment. Except for 1 patient, all patients received
first-line chemotherapy, 95% of whom received
platinum-based chemotherapy. Thirty-four patients
(17.8%) showed objective responses, including 7
cases who achieved a complete response and 27
cases who achieved a partial response (Table 2).
Cases with high PD-L1 expression showed a higher
response rate to durvalumab. The 1-year overall
survival rate in the study was 55%!16l,

Table 2. Immunotherapy as the second-line treatment of bladder urothelial cancer

objective response rate (n)

Antibody n
overall complete response partial response
Pembrolizumab'? PD-1 270 21.1 % (57) - -
Atezolizumab'? PD-LI1 467 13.4% (62) 3% (16) 10% (46)
Nivolumab'* PD-1 265 19.6% (52) 2% (6) 17% (46)
Avelumab'? PD-L1 161 17% (27) 6% (9) 11% (18)
Durvalumab'® PD-L1 191 17.8% (34) 3.7% (7) 14.1% (27)
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Perspectives

Although PD-1/PD-L1 immune checkpoint
inhibitors are better than traditional chemotherapy in
terms of survival duration and adverse reactions, the
response rates of immune checkpoint inhibitor drugs
are only around 20%-30%. Increasing the response
rate will be crucial in order for immunotherapy
to be effective in bladder urothelial cancer. The
abovementioned trials indicate that PD-L1 expression
is a potential index factor for immune checkpoint
inhibitor therapy. A higher response rate was observed
in patients with high PD-L1 expression in urothelial
cancer cells. Therefore, PD-L1 expression can be used
as an indicator of the efficacy of immune checkpoint
inhibitor drugs and to select for candidate patients for
immunotherapy.

Furthermore, when immunotherapy drugs inhibit
PD-1-induced immune cell death, quickly amplifying
the immune cells to target cancer cells is the next
critical step. Thus, patients need to have a strong
immune system ready for activation. In this scenario,
the immune status of patients could be used as an
index for evaluating the efficacy of immune checkpoint
inhibitors. Moreover, simultaneously enhancing the
immune system during immunotherapy should be
implemented to increase the response rate. One
study showed that the combination of IL-2 and PD-L1
blockade had a synergic effect on human chronic
infections and cancerf7],

In addition to monotherapy, PD-1/PD-L1
inhibitors can be used in combination treatments to
improve the outcomes of other cancer medications.
In a phase Il trial, overall survival was significantly
prolonged with the addition of maintenance avelumab
to best supportive care. Overall survival at 1 year was
71.3% in the avelumab group and 58.4% in the control
group, which received supported care alonel18l,

Immunotherapy also includes immune cell
therapy. Immune cell therapy enhances the immune
system to kill cancer by injecting in vitro expended,
genetically engineered T cells or patient’s NK cells
and dendritic cells(*9. However, the treatment is
expensive, and the treatment efficacy varies because
immune cell therapy is highly customized. Since cell
immunotherapy cases are currently limited in Taiwan,
we did not explore them in this article.

Since immunotherapy is not fully supported
by the national health insurance, the cost of

immunotherapy prevents its more widespread
use. For patients who are highly suitable for
immunotherapy, the National Health Insurance
Bureau has specifically allocated NTD 800 million for
800 eligible patients (cancer patients with eight types
of cancer, including bladder cancer) since 2018 to
alleviate the financial burden of the treatment(20!,

Conclusions

Immune checkpoint inhibitor drugs have
demonstrated considerable effects with regards
improving treatment response and survival rates
compared with systemic chemotherapy. As this
review reveals, patients with high PD-L1 expression
may benefit the most from these recently
approved treatments. Although the response rate
of immunotherapy is only 20%-30% in bladder
urothelial cancer, some potential factors and
applications can be implemented to potentially
improve the response rate.
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Abstract

Many patients on dialysis are older adults with numerous comorbid conditions and poor nutritional health.
Improving fluid and nutritional status are major treatment goals for patients on dialysis, who should regularly receive
both fluid as well as nutritional assessment by dialysis staff. Anthropometric and body composition assessments
provide important nutritional status information. However, most assessment methods have a limited application
in patients on dialysis because dialysis alters their hydration status. On the other hand, body composition estimates
from single- and multifrequency bioelectrical impedance in healthy individuals are well established. However, most
bioelectrical impedance methods employ some form of predictive modeling to obtain estimated outcomes have some
inherent problems in patients on dialysis.

A body composition monitor based on bioimpedance spectroscopy (BIS) with modified fluid and physiological
models has been developed in recent years to detect excessive fluid in patients on dialysis. Due to its non-invasive
and easy-to-perform characteristics, it has been increasingly applied as a bedside tool to evaluate patients’ fluid status
in many dialysis facilities worldwide. Furthermore, BIS is also useful in assessing nutritional status and adequacy of
patients on dialysis in the clinical setting. We present a rigorous review of the recent publications that address these

issues.

Key words: body bioimpedance, nutrition, fluid management, dialysis

Introduction

Fluid overload (FO) and malnutrition are chal-
lenging problems in patients with advanced chronic
kidney disease (CKD) or end-stage renal disease. FO
is associated with morbid conditions such as lower-
extremity edema, anasarca, ascites, pulmonary vas-
cular congestion or edema, hypertension, left ven-
tricular hypertrophy, and worsening heart failurell],
FO is an independent predictor of all-cause or car-
diovascular mortality in patients on dialysis!2]. Strict
volume control strategies might reduce blood pres-
sure and left ventricular hypertrophy progression!3!

*Correspondence to: Paik-Seong Lim MD, PhD., Renal Division,
internal medicine, Tungs’ Metroharbor Hospital, Taichung,
Taiwan, No. 699, Sec. 8, Taiwan Blvd., Wugqi Dist., Taichung
City 43503, Taiwan, (R.0.C.)

and improve the outcomes of patients on dialysis(4.
Some recent studies demonstrated that FO is an inde-
pendent risk factor of the combined outcome of all-
cause or cardiovascular morbidity in non-dialysis
patients with advanced CKD[34l, On the other hand,
fluid depletion may result in intradialytic hypoten-
sion, myocardial ischemia leading to potentially
significant loss of white matter in the brain and of
residual renal functionl®]. Older patients are now the
rule rather than the exception in hemodialysis (HD).
In most registries, they are the fastest-growing group
of incident patients on dialysisl. Much grimmer pre-
dicted life expectancies for older patients could be
due to higher comorbidity rates for cardiovascular
diseases, FO, malnutrition, inflammation, depres-
sion, and cognitive disturbances!”!. Since fluid status
is a key factor influencing the quality of life and life
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expectancy in the dialysis population, optimal fluid
volume management is both a major treatment goal
and a challenging clinical condition for dialysis staff.
Clinical assessment of hydration status is not only
time consuming but also requires specific clinical
skills and may be relatively imprecise. Various strate-
gies have been proposed to attain optimal fluid status
in patients on dialysis, but each has its own limita-
tion8]. Bioimpedance spectroscopy (BIS) may serve
as an easily applicable clinical tool in the assessment
of dry weight in patients on dialysis. Over the past
decade, a number of observational and intervention
trials have significantly elucidated on its promising
clinical utility.

Assessment of body composition in patients
on dialysis

Protein-energy wasting syndrome is quite
common in patients on dialysis and severely
affects their short-term survival. Along this line,
the assessment of body composition in patients
on dialysis is clinically important. Current tech-
niques used to assess body composition in patients
on dialysis include subjective global assessment,
anthropometric measurements, dual energy X-ray
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absorptiometry (DEXA), single-frequency bioimped-
ance analysis (BIA), and multifrequency BIS. Anthro-
pometric assessments provide important nutri-
tional status information about patients on dialysis.
However, most anthropometric and body composi-
tion methods have a limited application in patients
on dialysis because dialysis itself alters the hydration
status of patients and also carries the assumptions
used by these methods. DEXA is the most widely used
and most thoroughly studied measurement tech-
nology for patients on dialysisl®l. Despite its detailed
and accurate assessment, this method is expensive,
requires technical expertise, and cannot be repeated
frequently due to some X-ray exposure during the
examination. Additionally, few dialysis clinics have
direct access to DEXA systems. On the other hand,
body composition estimates from single- and multi-
frequency bioelectrical impedance in healthy individ-
uals are well established. However, most bioelectrical
impedance methods employing some form of pre-
dictive modeling to obtain estimated outcomes have
some inherent problems in patients on dialysis. The
measurement of body compartments with different
BIS devices do have a high inter-method variability
that is probably due to the equations used. Rigorous
validation is crucial for the useful application of BIS.
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Fig. 2 Principles of bioimpedance spectroscopy. (a) Flow of electrical current through biological tissue: Low-frequency currents
(f—0) flow around the cells through the extracellular fluid, whereas high-frequency currents (f—o0) penetrate the cell membranes
and flow through the intracellular and extracellular fluids. (b) Diagram of an electrical circuit used to interpret measured data in BIS.
Two parallel electrical conductors; Re (ECW); Ri (ICW); isolated by a cell membrane; tissue may act as a conductor or isolator. The

electrical current goes through the line with the lowest resistance (Re).

Mechanism of BIS

BIS is a noninvasive, low-cost technology that
can accurately measure fluid status and tissue com-
position in the clinical setting. The basic mechanism
underlying bioimpedance may be rather complex for
a practicing physician and will be briefly discussed
here. The body is commonly modeled as a series of
tissue and fluid compartments as shown in Figure
1. Body composition analysis is basically the clinical
assessment of tissue and fluid distribution. Bioimped-
ance administers a weak alternating electrical current
at one or more radiofrequencies through leads
attached to surface electrodes to characterize the
conductive and nonconductive tissues and fluid com-
ponents of the body. When excited by this current,
biologic tissues show a complex electrical bioimped-
ance that varies with tissue composition. The applied
alternating current is easily conducted by water- and
electrolyte-rich tissues such as blood and muscle
and is poorly conducted by fat, bone, and air-filled
spaces (Figure 2). The frequency-dependent opposi-
tion produced by the conducting tissue components
to the flow of electric current is called impedance (Z).
Geometrically, impedance can be expressed as the
vector comprising two frequency-dependent param-
eters—resistance (R) and reactance (Xc). Resistance
is the opposition to the flow of an alternating current
through intracellular and extracellular ionic solu-
tions. Reactance represents the delay in the conduc-
tion or passage of the administered current through
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Fig. 3 Variations in impedance with frequency on bioimped-
ance spectroscopy. Resistances extrapolated at zero (R,) and
infinite (R,,) frequencies. Semicircular distribution of the
resulting reactance and resistance data using a non-linear,
least-squares fitting curve according to the Cole—Cole model.
@, phase angle; Z, impedance; Rsy,.

cell membranes, tissue interfaces, and nonionic
substances. Capacitance or capacitive reactance is
a function of reactance that arises when cell mem-
branes that store energy discharge as the current
passes through them. Hence, the magnitude of reac-
tance depends on the number of capacitors through
which the current must pass. These two components
are expressed in ohms (Q) and may be graphically
represented by vectors (Figure 3).

Body Composition Monitor, a novel BIS

The Body Composition Monitor (BCM; Frese-
nius Medical Care, Bad Homburg, Germany) is a novel
BIS device that has been designed and used to assess
fluid status in CKD patients!10-15], BCM measures
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resistance and reactance at 50 frequencies from 5
kHz and 1 MHz. The impedance obtained then under-
goes complex modeling based on the classic Cole
modelll6! and Hanai mixture theory[16-18! to esti-
mate fluid volumes and, in turn, lean tissue, adipose
tissue, normohydration weight, and overhydration.
The accuracy of body composition measurements
has been validated against available gold standard
reference methods!'819, However, the underlying
assumptions introduced into equations may be
appropriate only across a certain range of body com-
positions. These constants may introduce error to the
volume estimates when applied in individuals with
excessive adiposity and those with fluid retention.
To account for this error, Moissl et al.[!8] developed
a model adjusted for body mass index that indepen-
dently predicted extracellular and intracellular water
and substantially improved BIS estimates, particularly
for intracellular water. In the Moissl equations, intra-
cellular water resistivity is not assumed to be static,
as in the previous Hanai-based mixture equations,
but rather changes with increasing fat. This approach
greatly improved volume estimates in subjects at
both extremes of the body mass index range, but sub-
stantial variability was still observed at the individual
levell1®l, Chamney et al.[20] further developed the
method by creating a so-called three-compartment
(3C) body model based on data from healthy adults.
This model differentiates between normohydrated
lean tissue mass, adipose tissue mass, and a virtual
“overhydration” compartment. Differences between
the 3C model and the two-compartment (2C) one
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expressed by single-frequency BIA can be explained
by different arrangements of body composition com-
partments, which are based on differences in the
hydration status of the compartments (Figure 4). The
2C model cannot distinguish excess volume due to
fluid retention, hence, predictions for fat-free mass
are influenced by the presence of fluid status[?]. The
BCM, based on the 3C model, distinguishes body fat
and lean mass from pathologic fluid retention (over-
hydration)[20]. The measurement of BCM is simple,
fast, and highly reproducible. In addition, the non-
invasive nature of bioimpedance makes it particu-
larly well suited for measuring longitudinal changes
in hydration and nutrition statuses. These important
issues in long-term patients on dialysis are related
to clinical outcomes and can be assessed objectively
by BCM. Recently, several studies sought to identify
the direct effects of BCM on important clinical out-
comesl(213.22:33] |n this review, we aimed to update
the clinician on the current status of the application
and outcomes of BCM-BIS in dialysis units.

FO and hemodynamic status

Achieving optimal fluid balance is a major chal-
lenge in routine dialysis practice, given the difficulties
in obtaining so-called dry weight or normal hydrated
weight estimates. Clinically, dry weight is defined
as the lowest weight a patient can tolerate without
developing intra- or inter-dialytic symptoms. The dry
weight method is limited by the fact that some liters
of fluid may accumulate in the body before edema
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becomes clinically evident. It also does not account
for changes in lean body mass, fat mass, or nutritional
status over time. Using an overestimated dry weight
may lead to hypertension, left ventricular hyper-
trophy, and congestive heart failure. On the other
hand, an underestimated dry weight may lead to
intradialytic hypotension, fatigue, impaired quality of
life, and occlusion of arteriovenous shunts.

In recent years, several studies have found that
FO assessed by BIS appears to be high in patients on
dialysis, ranging around 27.4%—-46.4% using different
criteria. Accumulating evidence has highlighted
blood pressure and volume status as key predictors
of outcomes among patients receiving maintenance
dialysis[26:34.35] Efforts to develop standard best
practices in managing blood pressure and volume in
dialysis have been hampered by an absence of widely
available, accurate, and objective measures of extra-
cellular volume status. To this date, managing blood
pressure and volume in dialysis involves weighing
multiple clinical factors and risk considerations, as
well as considering patient lifestyle and preferences,
all within a narrow therapeutic window for avoiding
acute or chronic volume-related complications,
which are tedious and challenging. Hence, controlling
the notorious impact of FO in this population is con-
sidered an unmet clinical need, and effective clinical
strategies specifically aimed at optimizing the control
of FO have been sought to improve the outcomes
in these patients. Advances in bioimpedance tech-
nology have enabled a more accurate scientific explo-
ration of dry weight to achieve optimal volume status
in patients on HDI36],

Complications of FO

Establishing the relationship between FO and
hypertension by BCM has provided a better strategy
for hypertension control in some centersi37l, An
early observational study by Wizemann et al.l2
showed that patients with hyperhydration had a sig-
nificantly higher mortality rate than patients with
normohydration. The cutoff threshold for overhy-
dration was set to 15% relative to the extracellular
water. The hydration state indicated by fluid param-
eters in BCM is an important independent predictor
of mortality in patients on chronic HD. These find-
ings were confirmed in larger groups of patients, as
well as in meta-analyses(23:25.26,31] |n a report from

the MONDO consortium including 8,883 patients,
the authors found a significant correlation between
mortality and incremental FO levels[3l, whereas
Zoccali et al.[26] found that this relationship was also
stronger with prolonged periods of FO. Notably, they
found that even mild levels of pre-dialytic FO (1.1-
2.5 L) were associated with increased mortality. Two
studies found that pre-dialytic fluid depletion was
associated with increased mortality. Moreover, these
studies!26:31 reported that pre-dialytic systolic blood
pressure below 110 mm Hg was associated with
increased mortality when combined with either pre-
dialytic FO or fluid depletion. Surprisingly, post-dia-
lytic fluid depletion appeared to be protectivel31,38]
in these patients. The relation between FO and
mortality is also consistently found in in peritoneal
dialysis and stage 4-5 CKD patients[!528:39] More
recently, in patients with stage 5 CKD not undergoing
dialysis, Han et al.[0! found that relative overhydra-
tion/extracellular water, systolic blood pressure, and
serum phosphorus levels were independently asso-
ciated with left ventricular mass index and that over-
hydration/extracellular water was independently
associated with left ventricular hypertrophy. More
recently, some studies demonstrated that the rela-
tionship between FO and mortality was independent
from traditional cardiovascular risk factors. Hung et
al.l1Y noted an inverse relationship between FO and
serum albumin and a positive relationship between
FO and IL-6 levels. In addition, Decker et al.[4ll
observed the interrelation between clusters with FO
(overhydration > +1.1 L pre-dialysis), inflammation
(CRP levels > 6 mg/L), and malnutrition (lean tissue
index below the 10th percentile of a control popula-
tion). In the majority of their study subjects, FO was
observed in combination with malnutrition and/or
inflammation, and not as a single risk factor[41l. All
three risk factors were found in 17.6% of patients,
which is also the group with the highest risk of death.
(hazard ratio [HR], 5.89; 95% confidence interval
[CI]: 4.28-8.10). The concurrent presence of FO and
inflammation (15%) was associated with a higher risk
of death, which was not significantly increased in
those patients who were only malnourished (6.5%).
In another similar study, patients with the highest
FO level and the lowest interdialytic weight gain
level had the highest mortality risk[35. The sponta-
neous decline in interdialytic weight gain may pos-
sibly reflect malnutrition!2. In patients on peritoneal
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dialysis, those who had FO on BCM had higher cardiac
troponin-T levels and had a higher tendency to expire
from cardiac-related deaths. A reduction in over-
hydration was correlated with reduced cardiac tro-
ponin-T levels 3],

Considering the complex interaction of risk
factors in patients on dialysis, outcomes are best
interpreted as a combination of the said factors.
Moreover, CKD and heart disease frequently coexist,
and the relationship between these two diseases
is rather complex and difficult to define. Neverthe-
less, FO remained predictive of mortality even after
adjustment for multiple risk factors(25:31,

BIS-guided treatment and outcomes

BCM can also provide objective normohydration
targets, as demonstrated in some recent interven-
tional studies[344-46l_ petr et al.[*4 demonstrated that
guiding patients toward normohydration targets by
BCM led to better hypertension management in over-
hydrated patients, less intradialytic adverse events,
and improved cardiac function. The potential benefit
of BIS-guided treatment was subsequently assessed
in several randomized controlled trials345-53] (Table
1). The assessment of FO with BCM during a 1-year
period showed better management of fluid status,
resulting in regression of left ventricular mass index,

Table 1. Summary of Bioimpedance Guided Fluid Management Trials

Authors Trial Design N, HD/PD  Age (mean, SD) Tecl;}lgoelogy Outcomes Main Findings
Luo et al RCT, open label; 3 160, PD 60+ 15 BCM Fluid status Less overhydration; BP
201162 months; 1 center reduction in BCM group
Onofriescu RCT, open label;12 131,HD 52+13 BCM Mortality Lower all-cause mortality in
et al 201491 months; 1 center BCM group
Hur et al RCT, open label;12 156, HD 52+12 BCM LVM index LVM reduced in BCM group;
201301 months; 2 centers no significant change in BP
Ponce et al RCT, cluster 189, HD Openlabel: BCM Fluid status Reduction of OH in both
20140531 randomized; 12 65.8 + 14.6 years; group(BCM less over
monthsn open-access blind: hydrated);Hospitalization
and a blinded group; 66.7 + 15.1 years and survival rate was not
23 centers significantly different
Tian 2015151 RCT, open label; 12 240,PD 50+ 15 MEF-BIA; All-cause No significant effect on patient
months; 1 center InBody 720 mortality and technique survival
ABISAD-III  RCT, open albel; 12 298, HD 621 +2 BCM All-cause All-cause hospitalization rate
Huan-Sheng  months; 6 centers hopsitalizations ~ was not different. Incidence
2016431 of acute fluid overload or
CV-related events was lower
UK-Shanghai Prospective open Longitudinal Nonanurl'c subjects d§monstrqted
Bioimpedance label randomized vector plot: stable fluid volumes irrespective
blinded to endpoint 308, PD 56 + 14 ? Fluid status of randomization; Hydration
Study Tan BI 101 ASE . .
477 (PROBE);12 months; ) worsened in control anuric
et al 2016 (Akern, Italy) . . .
4 centers patients in Shanghai
RRF; .. .
COMPASS RCT open: 12 echocardiographic No additional benefit in volume
Trial Oh pen: PD, 137 52+13 BCM grap control, RRF preservation, or
(48] months; 5 centers parameters or ) )
etal 2018 o CV parameters.
arterial stiffness
Yoon et al RCT, open; label, 12 Non-anuric Control BCM RRF, Did not show an additional
201954 months; 8 centers PD, 201 539+11.2 volume status,  benefit to achieve euvolemia,
Study echocardiographic and did not affect the decline
553+123 variables, in RRF
CV events No difference in

echocardiographic variables or
in CV event rates

BCM, body composition monitor; BP, blood pressure; CV, cardiovascular; HD, hemodialysis, LVM, left ventricular mass OH, overhydration;
PD, peritoneal dialysis; RCT, randomized control trial; RRF residual renal function
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decreased blood pressure, and improvement in arte-
rial stiffness(#7]. Onofriescu et al.l*6] conducted a 2.5-
year randomized controlled study comparing bio-
impedance and clinical judgment alone to guide dry
weight adjustment in patients on HD and reported
improvements in both all-cause mortality and sur-
rogate endpoints after strict volume control using
bioimpedance. We had recently shown the frequent
adjustment of post-dialysis target weight by BCM
using an explicit algorithm for dry weight adjustment
in patients with post-dialytic overhydration levels
less than =2.0 or > 1.0 L45. During a 1-year period,
we observed decreased acute FO or cardiovascular-
related events, hypertension, and intra-dialysis hypo-
tension with this strategy in non-diabetic patients
(Figures 5a and 5b). However, in this randomized con-
trolled trial, the primary outcome, hospitalization,
was not met“5]. Similarly, Hur et al.[3! found that hos-
pitalization rates did no differ significantly in a sub-
group of BIA-guided treatment in HD patients.
Studies published so far on peritoneal dialysis

using BIS-guided techniques did not result in an
overall improvement of fluid state. Four recent ran-
domized controlled trials did not support its routine
usel47.48,54,55  The COMPASS trial 48], which was
a randomized controlled trial performed in non-
anuric patients on peritoneal dialysis with residual
renal function as the outcome parameter, found only
minor changes in overhydration but did not reach the
primary endpoint. Changes in the glomerular filtra-
tion rate over a 1-year period between the BIS-guided
fluid management group and the control group did
not differ (1.5 + 2.4 vs 1.3 + 2.6 mL/min/1.73 m?,
p = 0.593). Overall, the degree of FO in the included
patients was mild (mean overhydration around +1.5).
Moreover, no differences were found in echocardio-
graphic parameters or arterial stiffness at the end
of follow-up between the two groups. Although lon-
gitudinal vector plot-based bioimpedance targets
were provided to guide management in 308 patients
on peritoneal dialysis in a UK-Shanghai peritoneal
study!#’), body composition remained relatively

a
@ OH, > 1L
{no} II yes |
OHp<-2L
| no yes
' Clinical s/s possibly relatedto fluid | | Adjust PDTW 0.2-0.5kg/week to-2L< OH, < 1L |
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yes II no
| Adjust PDTW 0.2-0.5kg/weekto-1LS OH, SOL | | Keep current PDTW |
(b) 1.0- + Censored
fE‘ '
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a Contrel group
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Fig. 5 (a) Algorithm for post-dialysis target weight adjustment using Body Condition Monitor bioimpedance spectroscopy (adapted
from Ref. 49). (b) Kaplan—Meier analysis for acute fluid overload or cardiovascular event-free survival in non-diabetic patients in

both groups.
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stable in both BIA-guided intervention and control
groups (routine clinical care) after 12-month follow-
up, especially in the non-anuric subgroup (daily urine
output > 200 mL). However, in control anuric Chinese
patients, hydration worsened with increased extra-
cellular/total body water ratio (+0.04; 95% Cl: 0.01,
0.06). The authors concluded that the routine use of
longitudinal bioimpedance to inform fluid manage-
ment had minimal impact on patients on peritoneal
dialysis.

Yoon et al.[5¥ also found that BIS-guided fluid
management did not show an additional benefit
toward achieving euvolemia and did not affect the
decline in residual kidney function in patients on non-
anuric peritoneal dialysis. In one recent randomized
controlled study in 240 patients, Tian et al.5%! found
that although BIA-guided fluid management resulted
in a better FO status than the traditional clinical
method, no significant effect was found on 1-year
patient survival and technique survival in patients
on peritoneal dialysis. The reasons behind the lower
success rate in peritoneal dialysis trials compared
with their HD counterparts remain unclear. Some of
the reasons may be a less frequent adjustment of dry
weight, which reduces the likelihood of attaining dry
weight in patients on peritoneal dialysis. Until larger
trials addressing the possible causes of such discrep-
ancy are conducted, the evidence to support the
routine use of BIS remains insufficient.

To date, most of these studies have been sum-
marized in four meta-analyses!>6-59], Based on all
these analyses, BIA-guided interventions for the cor-
rection of overhydration currently have little to no
effect on all-cause or cardiovascular mortality. Nev-
ertheless, BIA can result in significant fluid status
changes and systolic blood pressure reduction in this
vulnerable patient population. All meta-analyses on
patients on HD found a relatively consistent improve-
ment in hypertension control, which was related to
the magnitude of the FO correction(22:56-5%], Tabinor
et al.[?5] found that overhydration > 15% (HR, 2.28;
95% Cl: 1.56-3.34; P < 0.001) predicted mortality.
Overhydration on BIA predicts mortality in patients
on dialysis independent of the influence of comor-
bidity. On the other hand, the important question
remains on whether reaching the target weight
would carry a risk of compromising residual renal
function and increase intradialytic instability. Pre-dia-
lytic fluid depletion is also associated with increased

mortality[22:38] and should be avoided. The optimal
limit for dry weight assessed by BIS is obviously
rather narrow. However, BIS can provide valuable and
precise information that may assist in difficult deci-
sion making with regards fluid management instead
of providing a simple target applied to all patients on
dialysis.

Currently, the adjustment of dry weight emerges
as the primary approach to fluid management in
interventional trials. However, in real-world applica-
tions, such an approach has some drawbacks. Some
of the main limiting factors that may hamper appro-
priate fluid removal will be encountered in daily prac-
tice, including poor compliance with fluid and water
restriction, compromised cardiovascular status,
patients with megafistula flow, malnutrition with
hypoalbuminemia, and redistribution of body water
in severely reduced lean body mass conditions. Some
authors have recently suggested caution when using
BIS devices interchangeablyl®®l. Currently, several
commercially available devices employing bioimped-
ance technology are used in routine clinical practice.
However, cross-validation studies between these
BIS devices are scarce, and further assessments are
needed. In addition, BIS should not be used as the
sole determinant in guiding dry weight adjustment.
The complete normalization of FO may not be pos-
sible without inducing severe intradialytic symp-
tomatology. Undeniably, BIS-guided treatment can
add valuable information to help solve the already
complex decision-making around fluid management.
Furthermore, at least for now, it is more useful in
detecting longitudinal changes in body fluid composi-
tion and in adjusting for fluid removal rather than as
a tool for guiding patients to achieve a specific target
hydration status.

Conclusion

BCM provides an objective and clinically appli-
cable assessment of hydration status and can thus
mitigate the significant associations between FO and
high mortality rate and cardiovascular events. BCM-
guided dry weight adjustment improves blood pres-
sure control and decreases intradialytic morbidities
and possibly even mortality rate. Our results indi-
cate that BIS contributes new information and is thus
a promising tool for risk stratification of patients on
dialysis. Larger-scale studies, particularly in patients
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on peritoneal dialysis, are needed to establish
the potential role and benefits of BIS-guided fluid
management.
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Abstract

Objective: We sought to clarify whether a combination treatment of transcranial direct current stimulation (tDCS) and
transcutaneous electrical nerve stimulation (TENS) could result in greater pain relief for patients with chronic cervical
myofascial pain syndrome.

Methods: This study was a randomized, sham-controlled, crossover clinical trial. Ten patients with chronic cervical
myofascial pain randomly received each of active tDCS/active TENS, active tDCS/sham TENS, and sham tDCS/active
TENS stimulation. Visual analog scale and pressure pain threshold scores were recorded immediately before and after
each treatment by a blinded evaluator.

Results: The three treatment approaches all showed significant pain reduction effects (p = 0.00) compared with
the baseline scores. The pain reduction percentage in tDCS/TENS, tDCS/sham TENS, sham tDCS/TENS were 35.41%,
30.27%, and 26.64%, respectively. However, none of the groups reached statistical significance, although a greater pain
reduction was observed in the tDCS/TENS group (p = 0.543). No significant differences in trigger point sensitivity were
noted in all treatment groups (p = 0.934). The results suggest that both tDCS and TENS increased the pain threshold
without changing the trigger point activity directly, thus limiting the therapeutic effect of the combined treatment.
Conclusions: The results of this study suggest that tDCS combined with TENS or tDCS alone demonstrated the same
therapeutic effect as TENS, but neither demonstrated superior effects.

Key words: transcranial direct current stimulation, transcutaneous electrical nerve stimulation, chronic myofascial pain

Introduction

Chronic cervical myofascial pain syndrome (MPS)
is a common type of musculoskeletal pain. The most
common clinical manifestations include muscle tight-
ness, a limited range of motion, referred pain, taut
bands, and trigger pointslll. Therapeutic approaches
involving physical therapy, stretching, or trigger point

*Correspondence to: Yi-Chia Yeh, Department of Physical
Medicine & Rehabilitation, Tungs’ Taichung MetroHarbor
Hospital, No. 8, Chenggong W. St., Shalu Dist., Taichung City
433, Taiwan (R.0.C.)

injections have been used to manage MPS. However,
frequent recurrences of the syndrome have been
noted due to poor posture or stress.

Transcutaneous electrical stimulation (TENS)
is often applied to trigger points to treat myofascial
pain. The therapeutic effect results from peripheral
nerve stimulation to the spinal cord to change the
pain reception threshold, a process known as “gate
control theoryl2l.” A previous study has shown that
movements or passive stretching exercises leading to
increased nociceptive input or motor cortex activity
can enhance the pain-reducing effect of TENS[3!.
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Transcranial direct current stimulation (tDCS) is a
newly developed non-invasive brain stimulation tech-
nique delivered over motor cortex via a weak, contin-
uous direct current(4-6l. When the electrode is placed
over the area of interest, anodal tDCS enhances cor-
tical excitability, whereas cathodal stimulation causes
inhibitionl79]. Recent studies suggest that tDCS is
effective at reducing pain for fibromyalgia, central pain
from spinal cord injury, and chronic neuropathic pain,
as well as in healthy volunteers[10-13]. A previous study
revealed that patients with fibromyalgia experienced
superior pain relief in anodal primary motor/cathodal
supraorbital compared with anodal prefrontal/cath-
odal supraorbital!Xl. The possible mechanism under-
lying the efficacy of pain relief resulting from the stim-
ulation of the primary motor cortex is attributed to
spinothalamic projection to the motor cortex[14],

A recent study suggests that TENS used for
peripheral stimulation can augment the pain-reducing
effect of tDCS on chronic neuropathic painti%, The
possible mechanism of greater pain alleviation could
be a higher level of pain threshold induced by tDCS as
afferent stimulation to the motor cortex (increased
excitability of motor cortex) when combined with
TENSI10],

Our study aimed to evaluate the pain-reducing
effect of the combined treatment of tDCS and TENS
in patients with chronic cervical MPS. An additional
group treated with TENS alone that was not previ-
ously compared with the tDCS treatment in a pre-
vious experiment was included for comparison in our
study. We wanted to determine whether tDCS could
reduce chronic nociceptive pain, as well as neuro-
pathic pain, or change the trigger point sensitivity.
We measured the visual analog scale (VAS) and pres-
sure pain threshold scores immediately before and
after three treatment types (tDCS/TENS, tDCS/sham
TENS, or sham tDCS/ TENS) to evaluate the thera-
peutic effects of each group.

Materials and Methods

Study Design

This was a randomized, double-blind, sham-
controlled study initiated after obtaining informed
consent from the patients. The study was conducted
according to the ethical standards of the Helsinki Dec-
laration and was approved by the institutional ethics
committee ( IRB 9902-1, St. Joseph’s Hospital).

Patients

Patients were selected by the medical doctors
of the Department of Rehabilitation in a regional
teaching hospital. The eligibility criteria were as
follows: (1) diagnosis of cervical myofascial pain, (2)
stable chronic pain lasting for 6 months, (3) VAS score
larger or equal to 4, (4) aged between 18 and 65 years
old, and (5) no other neurologic and/or psychiatric
disease. Those who presented one of the following
criteria were excluded: (1) intracranial metal implant
or pacemaker, (2) pregnancy, and (3) undergoing any
medication for central neurologic disorder. Since we
only compared the VAS and pressure pain threshold
scores before and immediately after the treatment,
other therapies such as regular medication for pain
relief, hot packs, or massages were not prohibited
during our study. The treatment was not applied to
the participants taking non-regular analgesics medi-
cation for pain relief.

Experimental Design

All the patients received the three treatments of
active tDCS + active TENS, active tDCS + sham TENS,
and sham tDCS + TENS in a randomized order. The
wash-out interval was one week between each of
treatment period.

tDCS

We applied saline-soaked sponge electrodes
with the anodal electrode sized 5 x 5 cm? and cathodal
electrode 7 x 7 cm?2. Direct current stimulation was
delivered through a constant direct current stimulator
(Chattanooga Intelect Mobile Combination, Chatta-
nooga Group, USA). The participants received anodal
stimulation of the primary motor cortex (M1) contra-
lateral to the lesion side with the anode placed over C3
or C4 according to the international 10/20 EEG system
and the cathode over the contralateral supraorbital
area. Both electrodes were stabilized with elastic
bandage. The current intensity of tDCS was 2 mA for
30 minutes in the treatment group. Ramping time
was included in the 30 minutes. For the participants
receiving sham tDCS, they would experience an initial
itching sensation, same as the treatment group, when
the stimulator was ramping up. Ramping down to zero
would then be performed within 30 seconds.

TENS
The same stimulator in dual-channel mode was
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applied, with one set of channels for TENS and the
other for tDCS. TENS was applied on the participant’s
most painful trigger point of the trapezius with two 5
x 5 cm electrodes using a square pulse of 4-5Hz for
30 minutes. The active electrode was placed on the
most painful trigger point, as evaluated using the pain
threshold pressure meter before each treatment. In
the group of patients treated with TENS, the intensity
of the stimulator was gradually increased until the
participants reported feeling a weak electrical stimu-
lation. The intensity was then adjusted to just slightly
below the threshold sensation (as a subthreshold
stimulation) for 30 minutes. In the sham TENS treat-
ment, the stimulator was gradually “turned off” after
the initial weak electrical stimulation sensation. In
the group receiving subthreshold stimulation, the
participants were not able to distinguish whether
they received true or sham treatment. All of the par-
ticipants would only feel the TENS stimulation at the
beginning of the stimulation.

Evaluation

Pain was assessed subjectively using the VAS. A
100-mm horizontal line was marked “no pain” from
the left side and “most intense pain imaginable” on
the right['8l. Pressure pain threshold was measured
using a pressure algometer to assess objective trigger
point sensitivity and quantify trigger points/t5-17],
This instrument is a force gauge calibrated in kg/cm?
attached to a plunger with a 1-cm round rubber tip
on its end. The pain threshold (kg/cm?) was measured
by an experienced rehabilitation doctor. The trigger
point of the upper trapezius was first identified, and
then the tenderest point of one side was marked.
The pressure pain threshold meter was placed on
the marked point and a constantly increasing pres-
sure (rate: 1 kg/cm?/sec) was applied over the trigger
point until the subject first felt a sensation of pain,
then the pressure application was stopped, and the
pain threshold was recorded. The same procedure
was repeated three times, and the average pre-
and post- treatment pressure pain thresholds were
recorded. After the treatment, a trained evaluator
who was blinded to the treatment group recorded
the initial VAS scores and the pressure pain thresh-
olds immediately after treatment. Monitoring for
adverse responses was performed during and after
the experiment sessions.

Statistical Analysis

Mixed analysis of variance (ANOVA) was per-
formed for the statistical analysis. The condition and
time of treatment were considered as fixed effects.
The responses of the patients were recognized as
random effects. The variables of the fixed-effects
models in this study model included (1) pre-stimula-
tion and post-stimulation times; (2) the combination
of stimulation conditions of tDCS, TENS, and sham;
and (3) the relationship between time and stimula-
tion condition. Post-hoc comparison with multiple
comparison adjustment was performed using the
Bonferroni method. The percentage of pain reduc-
tion (pre-post VAS/preVAS) was used to evaluate the
therapeutic effects. The baseline characteristics were
also compared to assess the adequacy of our cross-
over design. All results are presented as mean, stan-
dard deviation, and standard error of the mean. Sta-
tistical significance was defined as a 2-tailed p value
<0.05.

Results

Ten patients (8 females) with a mean age of 38.1
+ 9.97 years were included in this study. The demo-
graphic and baseline clinical characteristics are
described in Table 1.

All subjects tolerated the treatment well, and
no adverse effects were reported. Only one subject
(in the active tDSC/active TENS group) felt very sore
over the trapezius immediately after treatment (VAS
3.5-4) due to the 30-minute immobilization during
the treatment. This patient felt better after some
range-of-motion exercise, but dropped out of the
third session (TENS) because of early improvement
(VAS < 3).

Mixed ANOVA was performed for each
covariate, including time, stimulation condition,
and the interaction between condition and time. A
reduction in pain compared with baseline was found
statistically significant by post-hoc analysis (F[5,48]
= 19.94; p = 0.00) for the treatment approaches
using tDCS/TENS (35.14% + 4.73%; p = 0.00), tDCS/
sham TENS (30.27% % 5.47%; p = 0.00), and sham
tDCS/TENS (26.64% + 5.89%; p = 0.00). The analysis
revealed no significant differences in VAS reduction
percentage between the three treatment groups
(F[2,24] = 0.627; p = 0.543) (Table 2). Furthermore,
no significant difference was observed in pressure
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Table 1. Demographics and Baseline Clinical Characteristics

Age Gender Pain duration Daily activity affected by pain Had ever received other treatments

Patient 1 39 F >3year Yes Yes
Patient 2 39 F >3year Yes Yes
Patient 3 21 F 1-3 year Yes Yes
Patient 4 58 F >3year No Yes
Patient 5 37 F >3year Yes Yes
Patient 6 38 F >3year Yes Yes
Patient 7* 31 M 1-3year No Yes
Patient 8 41 M >3year Yes Yes
Patient 9 30 F 6months-1year Yes Yes
Patient 10 47 F >3year No Yes
Mean(SD) 38.1(9.97)

* Patient 7 dropout the TENS treatment due to early improvement with a VAS less than 3 after the 2°¢ interval.

Table 2. Pain reduction percentage - Difference between 3 treatment groups

Treatment pre-post VAS/preVAS Compared with baseline
Mean SEM P

TDCS/TENS 35.14 4.73 <0.00
tDCS/sham TENS 30.27 5.47 <0.00
Sham tDCS/ TENS 26.64 5.89 <0.00

Pain reduction percentage compared with baseline(%)

SD: standard deviation, SEM: standard error of mean

Table 3 Pressure pain threshold - Difference between 3 treatment groups
Treatment Pre Post Difference(post-pre)

Mean SD Mean SD Mean SE

tDCS/TENS 2.28 0.74 2.40 0.87 0.126 0.389
tDCS/sham TENS 2.30 0.66 2.09 0.68 -0.203 0.389
Sham tDCS/TENS 2.40 0.95 2.50 0.98 0.10 0.389

Algometer scores(kg/cmz), SD: standard deviation, SE: standard error

pain threshold between the three treatment groups
(F[5,48] = 0.257; p = 0.934) (Table 3). An analysis of
the baseline information for the three groups was
performed to determine whether a carryover effect
occurred; showed no significant difference was
observed (p = 0.63).

Discussion

This is the first study investigating the effects of
tDCS on chronic MPS. The results revealed all of the
three treatment approaches decreased the percep-
tion of pain immediately and significantly. However,
no significant difference or change in trigger point

sensitivity was found among the patients in all the
treatment groups.

A previous study evaluating the effects of tDCS
for fibromyalgia revealed significant pain reduction in
M1 stimulation when compared with DLPFC or sham
stimulation[!]. Furthermore, a previous study on the
combined treatment with tDCS and TENS for chronic
neuropathic pain showed greater pain reduction in
tDCS/TENS compared with tDCS/sham TENS or sham
stimulation[10]. Qur study used the same duration and
amplitude of tDCS stimulation (30 minutes, 2 mA) as
the said study[!0! for chronic neuropathic pain but
varied the stimulation interval (1 week vs. 48 hours).
To compare the difference in efficacy between tDCS
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and TENS, we included an additional active TENS/
sham tDCS group that was not analyzed in the pre-
vious study. Since many previous studies investi-
gating tDCS for pain reduction had shown a signifi-
cant difference between tDCS treatment and sham
stimulation[10-13], the sham TENS/sham tDCS group
was notincluded in this study.

An analysis of the therapeutic effects of TENS
on trigger point sensitivity and VAS pain reduction
found that TENS was effective in reducing myofas-
cial pain without significantly changing the trigger
point sensitivityl!%. We hypothesized that a com-
bined application of TENS and tDCS might increase
the pain threshold through peripheral and central
mechanisms without directly changing the trigger
point activity. Although the treatment used a com-
bination of TENS and tDCS did not exhibit a superior
effect over TENS treatment alone (p = 0.827), we still
observed a tendency toward a higher pain reduc-
tion in the patients receiving tDCS/TENS treatment
compared with those receiving tDCS alone or TENS
alone, as presented in Table 2. One possible reason
for our findings could be our small sample size. A
larger enough sample size should be able to demon-
strate more conclusively the significance and differ-
ence between the tDCS/TENS and TENS treatment
approaches. Another possibility could be that neither
tDCS nor TENS can change the trigger point activity.
In that case, the therapeutic effect for myofascial
pain would be limited since the treatment of myofas-
cial pain is usually aimed to directly alter trigger point
sensitivity[ll. Our study demonstrated that tDCS or
TENS treatment can be effective for short-term pain
relief but insufficient for long-term treatment of myo-
fascial pain. Combining tDCS or TENS with stretching
exercises may lead to superior pain reduction and
also reduce trigger point sensitivity!6!,

We did not observe similar findings as those in
a previous study reporting a significantly greater
pain reduction for chronic neuropathic pain in the
group receiving tDCS/TENS treatment. One possible
reason may be due to differences in the characteris-
tics between chronic neuropathic pain and nocicep-
tive pain.

This study has some limitations. First, this study
analyzed a small sample size. However, the use of a
crossover design could generate data equivalent
to 30 subjects in a parallel study (30 subjects with 1
drop-out) and smaller within-subjects variability than

between-subjects variability. Therefore, this study
can be considered more powerful compared with
that enrolling 29 patients in a parallel design.

Second, since a control group was not included
in this study, the possibility of a placebo effect could
not be ruled out. However, tDCS treatment has
shown superior effects on pain reduction for chronic
pain, fiboromyalgia, and neuropathic pain compared
with the control group in previous studies10-13],
Therefore, sham tDCS/sham TENS was not included.

In this study, we found compatible therapeutic
effects of tDCS and TENS in pain reduction for chronic
cervical myofascial pain but not in trigger point sensi-
tivity. Although no significant differences were found
among the three treatment approaches, our results
suggest that tDCS combined with TENS can induce
better pain control. Further research with a larger
sample size and the inclusion of stretching exercises
is required to determine the effects on pain control
and trigger point sensitivity reduction.
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Abstract

Purpose: This study aimed to determine the effectiveness of aromatherapy on neuropathic pain severity in people

suffering from neuropathy.

Design: A systematic literature review and meta-analysis was conducted.

Methods: Six databases (PubMed, Scopus, Science Direct, CINAHL, OVID, and The Cochrane Library) were searched for
studies published between January 2010 and October 2020. Only randomized controlled trials (RCTs) aromatherapy
intervention for people with neuropathic pain were included.

Results: This meta-analysis included four RCTs, comprising 246 participants in total. Neuropathic pain was significantly
suppressed by aromatherapy intervention in both the massage and non-massage groups.

Conclusions: The meta-analysis findings suggest aromatherapy as an effective intervention for people with neuropathic
pain. Aromatherapy could be considered an adjuvant in clinical neuropathic pain management for patients needing

long-term anti-analgesic drug treatment or patients with neuropathic pain.

Key words: aromatherapy, essential oil, neuropathic pain, neuropathy, allodynia, hyperalgesia

Introduction

Neuropathic pain is the result of a primary lesion
or dysfunction of the nervous system. Hyperalgesia
and allodynia are well-documented symptoms of
neuropathic pain in the clinical setting(!l. Although
neuropathic pain responds to opioids, the results are
unsatisfactory, and adjuvant drugs are frequently
needed.

Recent systemic reviews!2:3] revealed that non-
pharmacologic therapies utilized in neuropathic pain
management include acupuncturel®5], massagel®),

*Correspondence to: Dr. Ru-Yin Tsai, Department of Anatomy,
Faculty of Medicine, Chung Shan Medical University, No.
110, Sec. 1, Jianguo N. Rd, Taichung, Taiwan (R.0.C.)

reflexology!”l, and aromatherapyl(®810  Among
these, aromatherapy was frequently used.
Aromatherapy is a modus of complementary
medicine that can be applied through inhalation and
massage. The possible mechanism may involve signals
from the olfactory system stimulating the central
nervous system to release neurotransmitters like
dopamine and serotoninl!ll, These neurotransmit-
ters further alleviate neuropathic painl'2. More than
40 plant extraction oils have been reported for thera-
peutic usel’3l. Even though aromatherapy is com-
monly used, few empirical reviews have examined its
effectiveness in reducing neuropathic pain. To date, no
meta-analysis has extensively examined the effects of
aromatherapy focus on neuropathic pain and manage-
ment. The aim of this meta-analysis was to quantify
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the effectiveness of aromatherapy on neuropathic
pain management.

Materials and methods

Data Sources

To determine the effects of aromatherapy on
neuropathic pain, randomized controlled trials pub-
lished between January 2010 and October 2020 were
retrieved from PubMed, Scopus, Science Direct,
CINAHL, OVID, and The Cochrane Library. The keywords
used consisted of “aromatherapy,” “essential oil,” “neu-
ropathic pain,” “neuropathy,” “allodynia,” “hyperal-
gesia,” “neuralgias,” “neuralgia,” and “neurodynia.”
The database search was limited to clinical trials with
human subjects. The Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guid-
ance was used. Articles identified in this manner were
retrieved and their reference lists searched for addi-
tional relevant articles.

|Il “
’

noou

Eligibility Criteria

Studies were included if: (a) participants were
diagnosed with neuropathic pain; (b) intervention
included aromatherapy with/without massage; (c)
different kinds of essential oils could be used in aro-
matherapy; (d) outcomes measured at least one on
the visual analog scale (VAS); and (e) studies were
described as randomized controlled trials (RCTs) in

Records identified through
database searching
(n=91)

English. Studies were excluded if they pertained to:
(a) participants were mixed patients with other kinds
of chronic pain but not specifically categorized as
neuropathic pain; and (b) conference proceedings,
abstracts only, review articles, letters, discussions,
and editorials.

Selection of Studies

The data screening and selection were per-
formed independently by two authors (JTY and CPL)
and were verified by a third author (RYT). One hard
copy of all the articles was obtained and read in full.
Details of the selection process are shown in the
PRISMA flow diagram (Figure 1).

Data Extraction

Two authors (RYT and CPL) independently
extracted data using a standardized data extraction
form as described in the Cochrane Handbook!14.
The following data were extracted from the studies:
author names, year of publication, study design,
sample size, participants’ demographics, duration of
the intervention, pattern of pain, element of essen-
tial oil, descriptions of the intervention and control
groups, and outcomes and their measurements.

Quality Assessment
The Cochrane Risk of Bias (Rob 2.0) tool was
used to perform quality assessment of the included

Additional records identified
through other sources

(n=0)

Records identified (n=91)

Duplicated records excluded (n=38)

Records after duplicates

removed (n=53)

>
=
2
2
i

Studies included in
qualitative synthesis (n=4)

Excluded by title and abstract (n=14)
Excluded by not RCT (n=22)

Full-text articles assessed
for eligibility (n=17)

Articles excluded

6: Review

2: Not related out come

1: Sample age <18

2: Different kinds of scales
2: No placebo control group

Studies included in
meta-analysis (n=4)

Fig. 1 PRISMA flow chart.
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studies!!5]. The following domains were assessed:
bias arising from the randomization process, bias due
to deviations from intended interventions, bias due
to missing outcome data, bias in measurement of
the outcomes, and bias in selection of the reported
results. A study was judged to be at high risk of bias
in at least one domain based on the results of this
assessment.

Data Analysis

The primary end point for this study was the use
of aromatherapy for neuropathic pain management.
For each study, the standardized mean difference
(SMD) of the VAS pain scores between the intervention
and control groups was calculated. A random-effects
model was employed to pool individual SMDs; all
analyses were performed using Comprehensive Meta-
Analysis software, version 3 (Biostat, Englewood, NJ,
USA). Between-trial heterogeneity was determined
using the /2 test; value > 50% was regarded as consider-
able heterogeneity. Funnel plots and Egger’s test were
used to examine potential publication bias. Statistical
significance was defined as p-value < 0.05, except for
the determination of publication bias, which employed
p<0.10.

Results

Database Search and Characteristics of Included
Patients

We retrieved 91 non-duplicate RCT citations
and reviewed their titles and abstracts. Seventeen
articles were included for detailed evaluation after
eliminating references violating the inclusion criteria
(Figure 1). With further careful reading, 13 records
were eliminated due to being review articles16-21],
unrelated outcomes!22:23], patients were kids[24, dif-
ferent kinds of scales for measuring pain!1%.25], and
no placebo control groupl®26l. A final tally of four
articles were included in this meta-analysis(6.8:27.28],
three of which were double blind[®27.28] and the
fourth was single blind[®]. The final quantitative anal-
ysis included two hundred forty-six participants. The
participant characteristics and study methodology
are shown in Table 1.

Quality Assessment
The risk of bias was moderate across five
domains in the included RCTs, and all RCTs were

Table 1. Summary of randomized placebo-controlled trials of aromatherapy for neuropathic pain.

Enrolled sample

number

combine other
therapy

Double-
blind

Intervention

oil

Average age,

years

Outcome measurement

Follow-up time

Frequency

Enrolled criteria

(Male/Female)

Patients’ diagnosis

Author, year

Massage

DN4, Visual analog scale not mentioned

(VAS), and Neuropathic

Before

No

three times

rosemary,
geranium,

DN4 >4

Intervention:
54.3+8.8

Diabetic neuropathy Intervention: 21

Gok Metin
etal,
2017

intervention and
2 and 4 weeks

per week for

lavender, and a period of 4

Placebo: 25

Pain Impact of Quality of

Placebo:

after intervention Life (NePIQoL)

weeks.

eucalyptus

57.249.7

Non-Massage

night wrist
orthotic

Boston CTS

Yes Before

one time per day

mild to moderate Lavender

CTS

Intervention:

Intervention:
24 (4/20)
Placebo:

Eftekharsadat Carpal tunnel

questionnaire, VAS,

intervention and

40 days after
intervention

49.71+8.61
Placebo:

syndrome (CTS)

etal,
2018

pinch grip strength, and

grip power

47.81+8.88

24 (3/21)

VAS, McGill pain not mentioned

Before

Yes

two times per
day

Ajwain

Detailed

Intervention: 46  Average age:

neuropathic pain,

Petramfar
etal,
2016

intervention and  questionnaire

4 weeks after

examination
confirmed

57.4

diabetic neuropathy, Placebo: 46

and postsurgical

intervention

neuropathic pain

neuropathic pain

oral analgesics

VAS

9 hours after
intervention

Yes

approximately

Neuragen
PN®

VAS 3~8

Intervention: 60 69+10

neuropathic pain
Placebo: 60

LiL 2010

33

0.75 ml per foot
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Table 2 Assessment of methodological quality of included trials

RCT evaluated by RoB 2.0

Author Selecyion bias Performance bias  Detection bias  Attrition bias Reporting bias Other
Eftekharsadat B et al, 2018 Some concerns  Low Low Low Low None
Gok Metin Z et al, 2017 Some concerns  Hihr Low High High None
LiL 2010 Low Low Low Low Low None
Petramfar P et al, 2016 Low Low Low Low Some concerns None
(A)  Study name Statistics for each study  Std diff in means and 95% CI
Std diff Lower Upper Relative
in means limit limit p-Value weight
Eftekharsadat B et al, 2018 -0.601 -1.180 -0.023 0.042 17.99
_—
Gok Metin Z et al, 2017 -1.044 -1.662 -0.426 0.001 16.09
—_—
Petramfar P et al, 2016 -0.709 -1.131 -0.288 0.001 29.45
Li L 2010 -0.362 -0.722 -0.001 0.049 36.47
-0.617 -0.886 -0.347 0.000
-
Favor Aromatherapy Favor Control
(B) Group by Study name Statistics for each study Std diff in means and 95% CI
Apply . .
Std diff Lower Upper Relative
in means limit limit p-Value weight
a. Massage Gok Metin Z et al, 2017 -1.044 -1.662-0.426 0.001 100.00
a. Massage -1.044 -1.662-0.426 0.001
b. Non-Massage Eftekharsadat B et al, 2018  -0.601 -1.180-0.023 0.042 18.33

b. Non-Massage Petramfar P et al, 2016
b. Non-Massage Li L 2010
b. Non-Massage

-0.709 -1.131-0.288 0.001 34.55
-0.362 -0.722-0.001 0.049
-0.526 -0.773-0.278 0.000

S
47.12
—_—
-

Favor Aromatherapy Favor Control

Fig. 2 The effect of aromatherapy on neuropathic pain measured using the visual analog scale, as compared
with (a) placebo, overall effects, and (b) subgroup analysis.

limited in quality (Table 2). Two studies had some
concerns of bias due to the small sample sizel?’] and
selective reporting of results!8l. One study had a high
risk of bias as the assessors were not blinded, devia-
tions from intended interventions were noted, and
bias in the outcome measurement was observed!®l.

Effect of Aromatherapy on Neuropathic Pain

The overall SMD of aromatherapy versus control
regarding neuropathic pain was -0.617 (95% con-
fidence interval: -0.886 to -0.347). The subgroup
analysis showed a significantly lower neuropathic
pain level for aromatherapy versus control, both in

the massage group (SMD: -1.044; 95% confidence
interval: -1.662 to -0.426) and the non-massage
group (SMD: -0.526; 95% confidence interval: -0.773
to -0.278) (Figures 2a and 2b). Regarding SMD het-
erogeneity, the /2 was less than 0.001% in the non-
massage group and <0.001% in the massage group.

Publishing Bias

The Egg’s test indicated no significant publica-
tion bias regarding the overall SMD (p = 0.22203). The
funnel plots for SMD of neuropathic pain are shown
in Figure 3.
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Funnel Plot of Standard Error by Std diff in means
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Std diff in means

Fig. 3 Funnel plot for aromatherapy for neuropathic pain management compared with placebo.

Discussion

Aromatherapy has been widely studied in pain
management!2527], This meta-analysis demonstrated
that two types of aromatherapy used in managing
neuropathic pain, massage and topical application,
are superior to the control. The results suggest essen-
tial oils can be used in clinical practice for managing
neuropathic pain.

Two studies reported that using different essen-
tial oils both significantly reduced pain scores, with
no significant differences between the two inter-
vention groups(®26l. If an inert placebo control was
tested in those two trials, more information could
have been obtained on the relationship between
aromatherapy and massage. Our statistical analysis
showed that aromatherapy is significantly effective
in relieving neuropathic pain, even without massage.
Aromatherapy with massage was reported to confer
more favorable and longer sustained effects than
a massage alone in older people with knee osteo-
arthritis(29]. Seyyed-Rasooli et al.3% found that,
although both inhalation aromatherapy and aroma-
therapy massage significantly reduced pain scores
in burn patients, inhalation aromatherapy was pre-
ferred to aromatherapy massage. In sum, we suggest
inhalation aromatherapy as a low-cost, convenient,
and more independent method than aromatherapy
massage.

Aromatherapy is widely used in clinical condi-
tions and is defined as the use of essential oils to
promote therapeutic effects. Chemical molecules of

essential oils pass through the olfactory system and
relieve pain and promote physical, emotional, and
mental health3. As we know, the olfactory system
is the simplest path of perception[32l. Analgesic-like
molecules in essential oils, especially monoterpenes
and sesquiterpenes, have low molecular weight and
high lipid solubility, so they can pass through the
olfactory nerve, infiltrate the blood—brain barrier,
and act on the central nervous system33l. Moreover,
compared with pharmacological drugs, essential oils
have fewer side effects and more diverse applica-
tions, including inhalation3:33, Similarly, the essential
oils used in the four studies evaluated in this meta-
analysis mostly contained monoterpenes!®:26] or ses-
quiterpenesl®, which have significant anti-analgesic
effects. Our findings indicate that inhalation might be
the best application method for aromatherapy.

This meta-analysis has some limitations. The
overall quality of the included studies was not
optimal, and some of them had risks of performance
and ascertainment biases. No uniform measure of
neuropathic pain exists. The four studies included
in the final pooled analysis examined treatments for
nine different pain situations using different aroma-
therapy methods in the intervention, varying essen-
tial oils, and inconsistent control therapies. Eligible
studies examining the efficacy of aromatherapy for
managing neuropathic pain are currently lacking in
the literature. While the size of the study allowed us
to analyze the effectiveness of aromatherapy, a much
larger-scale study is needed to evaluate adverse
events.
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Conclusion

Our data indicate that aromatherapy with or
without massage significantly reduced neuropathic
pain. Thus, the aroma of essential oils should be con-
sidered a safe, convenient, and independent addition
to current neuropathic pain management. Although
the present meta-analysis indicates positive effects
in the use of aromatherapy for neuropathic pain
management, the sample size is very small. Given
the prevalence of aromatherapy, more RCT-type
research is necessary to fully understand the clinical
applications for its use. This meta-analysis suggests
that aromatherapy can be used as an effective com-
plementary treatment alternative for patients with
neuropathic pain. However, only one study reported
quality of life outcomes. Although long-term studies
on the effectiveness of aromatherapy on neuro-
pathic pain are also available, the number of studies
included in the analysis was small. Well-designed
studies with larger sample sizes and longer follow-up
periods are needed to be able to draw firm conclu-
sions on the effectiveness of aromatherapy in neuro-
pathic pain relief.
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Abstract

Background and Purpose: Chest X-Ray (CXR) imaging is an essential first-line diagnostic tool for pneumothorax,
a virtually life-threatening condition. The insertion of a chest tube to drain air is the main therapeutic method for
pneumothorax. This research aimed to develop an artificial intelligence (Al) model for identifying pneumothorax on
CXR. Furthermore, we created an auxiliary Al model for recognizing an inserted chest tube. Although pneumothorax
can be life-threatening, the presence of the chest tube means the pneumothorax is under treatment. In the clinical
scenario, a fresh pneumothorax is emergent, but pneumothorax after chest tube treatment is not. Therefore, we
proposed a combined Al model to distinguish the newly onset emergent condition from the condition after treatment.
Method: We trained a neural network based on MobileNet V2 to do the binary classification of whether a pneumothorax
has occurred or not. The dataset was labeled by three radiologic technologists and reviewed by a radiologist. The same
techniques were also applied to the Al model for the chest tubes.

Results: The accuracy for pneumothorax and chest tube identification on the test dataset was 92.19% and 98.22%,
respectively. The areas under the receiver operating characteristic curve were 0.9638 (pneumothorax) and 0.9968
(chest tube). The inference time of each image ranged 0.21-0.6 second.

Discussions: The Al models achieved satisfactory results and can be further integrated into the Hospital Information
System (HIS) in the future to assist in the early detection of emergent pneumothorax.

Key words: neural network, deep learning, chest, X-ray, pneumothorax, chest tube

Introduction

The term “pneumothorax” indicates an air leak
within the pleural space, which leads to lung collapse.
Early detection and early treatment would reduce the
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tional Business, Feng Chia University, No. 100, Wenhwa Rd.,
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Dr. Shao-Jen Weng, Department of Industrial Engineering
and Enterprise Information, Tunghai University, No. 1727,
Sec.4, Taiwan Boulevard, Xitun District, Taichung, 407224,
Taiwan (R.0.C.)

risk of progression to life-threatening tension pneu-
mothorax. A chest tube is one of the most common
and efficient treatments for re-expanding the lungfll.
Several examinations are used to detect pneumo-
thorax (e.g., chest radiography, computed tomog-
raphy, and ultrasonography). Chest radiography (CXR)
is considered the most convenient and affordable
first-line examination over computed tomography
(CT) and ultrasonography (US). In addition, CXR could
be the only imaging modality that is available in sub-
urban hospitals. Although CT is the gold standard for
pneumothorax detection, it is a time-consuming task,
which results in delayed diagnosis?. Therefore, it is
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usually used when the physician could not identify
pneumothorax on CXR images.

In Taiwan, hospitals generate a huge volume
of CXR images. According to the Taiwan Ministry
of Health and Welfare statisticsi3l, the number of
licensed radiologists in 2019 was 1,213. This makes
the interpretation of CXR images a very time-
consuming task for radiologists. Decision support
systems to help radiologists efficiently interpret
CXR images and make an accurate diagnosis are thus
urgently needed. Fortunately, innovations in infor-
mation technology in recent years have brought
tremendous benefits to medical imaging. One of
the most successful applications thus far is artificial
intelligence (Al). Al denotes a set of computer pro-
grams that allow computers to both understand and
develop intelligent entities that simulate human deci-
sion makingl4. Medical imaging diagnostic systems
using deep learning have become the most dominant
area for medical Al applications!>l.

Deep learning algorithms emerged from the
traditional neural network algorithm. With more
neurons and hidden layers, deep learning algorithms
are able to create higher-level features from data
inputs such as images(®l. Through the transformation,
highly complicated functions can be learned itera-
tively. Previous studies have presented promising
evidence of the applications of deep learning algo-
rithms in medical images. Wang et all”l. proposed a
hybrid convolutional neural network (CNN) to detect
and locate eight common thorax disease patterns by
analyzing more than 100,000 X-ray images. Rajpurkar
et all8l. developed a CNN model for detecting pneu-
monia with 121 layers. Ayan and Unver!® applied
deep learning algorithms in detecting pneumonia.
Although various techniques were used, these
studies all showed that the accuracy of detecting tho-
racic diseases using deep learning algorithms outper-
forms radiologist performance.

This research aimed to develop an Al model
for identifying pneumothorax on CXR. In addition,
we created an auxiliary Al model for recognizing
the chest tube. Although a pneumothorax can be
life-threatening, the coexistence of the chest tube
means the pneumothorax is under treatment. In the
clinical scenario, a fresh pneumothorax is emergent,
but pneumothorax after chest tube treatment is not.
Therefore, we aimed to determine whether these
two Al models could correctly distinguish between

a newly onset emergent pneumothorax from one
arising after treatment.

Material and Methods

Data Collection

We developed the pneumothorax and chest
tube Al models. A total of 292,201 de-identified
and de-linked CXR images, along with the radiology
reports, from 2017 to 2019 were collected from the
hospital system. The de-identification process elimi-
nates privacy issues by removing names, sex, age,
date of birth, and other identification. This study was
approved by the Institutional Review Board (IRB) of
Tungs’ Taichung MetroHarbor Hospital (TTMHH_IRB
No: 107073 and No: 109024).

Data Processing

First, text mining was performed to search for
reports using the keyword “pneumothorax” to get
the presumed positive dataset. Another search was
performed to do the reverse, that is, to search for
reports without the keyword to get the presumed
negative dataset.

Second, the presence of pneumothorax was
clearly labeled on the CXR images in the datasets
by three radiological technologists, with one radi-
ologist who reviewed the labels. The same process
was performed to produce the chest tube datasets.
The purpose of this step was to assure the quality
and consistency of labeling and to minimize error. A
total of 1,912 images were labeled in the pneumo-
thorax dataset. In the labeling results, 605 were posi-
tive (with pneumothorax), and 1,307 were negative
(without pneumothorax). The positive/negative (P/N)
ratio obtained was 1:2.16. In the chest tube dataset,
2,250 images were labeled, with 1,378 positive, and
872 negative. The P/N ratio was 1.58. The imaging
data were subsequently segmented into the training
set, validation set, and test set. The training set was
used to train the deep learning model, the validation
set to tune the hyperparameters and determine the
best model, and the test set to examine the model
accuracy and other metrics. The proportions of these
three sets were about 80%, 10%, and 10%, respec-
tively (Table 1).

Third, data augmentation was performed.
Several image processing techniques applied in
this phase included rescale, random perspective,
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grayscale jitter, rotation, random horizontal flip, and
random vertical flip. These image-processing tech-
niques created more variations and representations
of the images to train the model to generalize better.

Data analysis

Finally, we used MobileNetV2[10], 3 classical CNN
architecture, as the training model. In this model,
the image was the input, and the output was the
probability (a number between 0 and 1) of pneumo-
thorax. During the training, the probability threshold
was arbitrarily assigned as 0.5 to classify positive and
negative cases. We selected the checkpoint where
the accuracy of the validation dataset was highest
and generated the best Al model. The Youden index
search was then applied to the validation dataset to
seek a better threshold and optimize the accuracy.
The Fl-score, precision, sensitivity, specificity, and
area under the receiver operating characteristic
curve (AUROC) were used to measure the model
performance. The Fl-score, the harmonic mean of

Table 1. Data statistics
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recall and precision, is a common metric for binary
classification. Sensitivity and specificity measure the
number of correctly identified positives and nega-
tives. AUROC can be used to measure the correctness
regardless of data unbalancing.

Results

We selected the models with the best accuracy
on the validation dataset and evaluated their per-
formances with the test datasets. The results are
shown in Table 2. For detecting pneumothorax in the
validation set, 183 true positives (TPs) and true nega-
tives (TNs) were found, whereas 7 images were not
analyzed correctly. For detecting chest tubes in the
validation set, 224 TPs and TNs were found, with 1
image identified as a false positive (FP). The number
of FP and false negative (FN) slightly increased in both
test sets, with 9 FPs and 6 FNs in the pneumothorax
test dataset, and 1 FP and 3 FNs in the chest tube
test dataset. Since a two-stage algorithm was imple-
mented, the confusion matrix of the testing data
of the pneumothorax on the chest cube model was
also identified (Appendix A). We detected 1 out of 1

pneumothorax ~ Chest tube
Positive 434 1102 images with both pneumothorax and chest tube, and
Training Negative 1046 608 5 out of 5 images with chest tube only.
Positive 60 138 The results showed that when the model was
Validate Newat 130 o7 applied to out-of-sample images, the model still pro-
t . . .

egj‘llwe vided sufficient detecting power. Table 2 shows the
Test Positive 61 138 performance data of the pneumothorax model on
Negative 131 87 the test dataset (F1-score: 0.8800; precision: 0.8594;
Total 1,912 2,250 sensitivity: 0.9016; specificity: 0.9313; accuracy:
I Data preprocessing and labeling ]| :__ T _—____;I_ocgl_n;in_m_g;;l:a_hd_ari_o: ____________ -i
| ] |
' - o |
: CXR images : : Data segmentation :

| 1|
| L |
| : Text Mining o] |
: R;iél;;]l{:é-f_\’ * {Pneumothorax} Labeling + I » Training > Data . C'N'N_n_mdel I
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Fig. 1 CNN framework used to detect pneumothorax and chest tube.
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Table 2. Results of image identification and model evaluation

Metrics
Label Dataset
F1 score Precision Sensitivity Specificity Accuracy AUROC
Validation 0.9402 0.9649 0.9167 0.9846 0.9632 0.9685
Pneumothorax
Test 0.8800 0.8594 0.9016 0.9313 0.9219 0.9638
Validation 0.9964 0.9928 1.0000 0.9885 0.9956 0.9997
Chest tube
Test 0.9854 0.9926 0.9783 0.9885 0.9822 0.9968
Confusion matrix
5
Both 1 0 0 0
4
Only chest tube < 0 0 o 3
c
o
S
=]
]
&
Only pnemothorax - 0 0 o 0 £
1
None 0 0 0
Bo‘th Only ch'est tube Only pne;nothorax —0

Ground truth

Appendix A Confusion matrix of the testing data of pneumothorax on the chest cube model.
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0.9219, AUROC: 0.9638). The data indicate that this Al
model remained robust even with the new dataset.
Furthermore, the metrics for the chest tube Al model
showed that the model performed even better than
the pneumothorax one (F1-score: 0.9854; precision:
0.9926; sensitivity: 0.9783; specificity: 0.9885; accu-
racy: 0.9822; AUROC: 0.9968). The AUROC of the
two models are shown in Appendix B. The Youden
index optimization obtained the thresholds of 0.5054
for pneumothorax and 0.6656 for chest tubes on

the validation datasets. However, this change did
not improve the accuracy of our original setting
(threshold = 0.5) on the test datasets. The inference
time of the pneumothorax Al model’s on a 768 x 768
pixel CXR image took only 0.6 second, whereas that
of the chest tube Al model on a 512 x 512 pixel CXR
image took 0.2 second.

We use the class activation mapping (CAM) tech-
nique to generate heat maps that highlighted the
pneumothorax location (Figures 2B, 2D, and 2F). The

chest X-ray with heatmap

chest X-ray
(A)

©)

()

B)

(D)

(F)

Fig. 2 Representative images of (A) pneumothorax, (C) chest tube, (E) coexisting pneumothorax and chest tube, and their (B, D,
and F) corresponding heat map images, respectively. The (B) bright yellow area indicates the location of the pneumothorax. The (D)
red area indicates the location of the left-side chest tube. The (F) bright yellow area highlights the pneumothorax in the right upper
thorax, whereas the red areas depict the right-side chest tube and the pigtail drainage tube through the left chest wall.
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heat map precisely indicates the extent of the pneu-
mothorax extent both in the right thorax and the left
costo-phrenic angle (Figure 2B).

Discussion

Deep learning techniques have been widely
applied in medical imaging in recent years. Four
types of applications are usually involved: image
classification, image detection, image segmenta-
tion, and image registration. Image classification in
deep learning generally involves categorizing into
binary or multi-class disease parameters!!l. Liu et
alll2], reviewed studies on deep learning methods of
classifying diseases using medical imaging and found
that ophthalmic diseases, cancers, trauma and ortho-
pedics, and respiratory diseases were the primary
diseases in the imaging field. Image detection refers
to localizing objects on the images, such as using
bounding boxes on the target areas!'314], The appli-
cations of deep learning in image segmentation could
help physicians identify precise outlines of objects.
Image registration is the process of aligning multiple
types of image contents. A comprehensive review of
deep learning in image registration was conducted by
Fu et all23], Regardless of the deep learning methods
or medical imaging types, these studies aimed to
provide a more accurate and faster disease recogni-
tion system for physicians. On top of that, the Al-
based results showed promising evidence compared
with the performance of healthcare professionals(12l,

Our study applied the CNN model (Mobile-
NetV2) in identifying pneumothorax and chest tubes

on CXR images. These classification models dem-
onstrated superior performance (AUC = 0.9638 and
0.9968 for pneumothorax and chest tube, respec-
tively; accuracy = 0.9219 and 0.9822 for pneumo-
thorax and chest tube, respectively). Previous studies
have used deep learning algorithms in detecting and
localizing pneumothorax and chest tubes on either
CXR images or CT images. For example, GoolRen
et all’6l. applied three deep learning algorithms in
detecting and localizing pneumothorax and obtained
AUCs of 0.96, 0.93, and 0.92. Wang et all!7]. proposed
a CNN model to localize pneumothorax, and obtained
an AUC of 0.80—0.86 from six settings. Park et all!8],
also applied deep learning techniques in detecting
pneumothorax after biopsy on CXR images and com-
pared results with those of previous studies. They
obtained a sensitivity of 0.78—0.954 and a specificity
of 0.78-0.964.

We identify three valuable contributions of our
study. First, we highlighted the importance of quality
control in labeling. With highly consistent, two-stage
labeling (labeled by radiology technologists and then
verified by one radiologist), the deep learning model
could learn the precise image characteristics based
on unambiguous ground truth. The high accuracy
and AUC obtained support this argument. Second,
an ensemble of pneumothorax and chest tube Al
models in one prediction process can enhance the
clinical usability of Al. The presence of both pneumo-
thorax and chest tube on a CXR image implies that
the patient with pneumothorax has been treated by
chest tube drainage. In other words, this ensemble
Al can accurately distinguish emergent, newly onset

Ensemble inference

POSNe | pestrubear | Fresh
. preumothorax o] Chesttube res
Inputimage  [——» Al model model pneumothorax
Positive
Pneumothorax
l].IldCl' treatiment
Negative
N No
prneumothorax

Fig. 3 Framework of pneumothorax diagnosis using the proposed Al model.
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pneumothorax from non-emergent post-treatment
pneumothorax (Figure 3). Lastly, the automatic local-
ization by CAM technique provides a visualization
of the spread of the pneumothorax and helps users
identify the lesions quicker. Unlike object detection
or segmentation techniques, it gets rid of the burden
of manually drawing the disease area while labeling
and thus spares a lot of labeling time.

This study has limitations. First, the sample size
is limited because imaging staff usually do not have
much time and extra physical energy for labeling.
Second, the precision (0.8594) for the pneumothorax
model is not satisfactory, which results in a high fre-
quency of false readings based on the low preva-
lence of the disease. Thus, continuous improvement
of the Al model and the quality of data labeling is
imperative. The development of more sophisticated
ensemble models that satisfy clinical requirements
should be considered in future studies.
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Abstract

Spinal muscular atrophy (SMA) is a genetic disorder. The mutated homozygous SMN1 affects the survival of
motor neurons in the spinal cord, ultimately leading to muscle atrophy and weakness, which often cause scoliosis, joint
contractures, and restrictive lung function resulting in frequent pneumonia and death. The definite diagnosis of SMA
relies on typical clinical characteristics, electromyogram changes, muscle biopsy, changes in serum creatine kinase
levels, and gene analysis. Advancements in molecular and bio-technology have generated several promising therapeutic
approaches aimed at treating SMA, which was once thought to be incurable. This study aimed to summarize the
clinical characteristics of SMA and provide comprehensive information regarding the disease that would be valuable in
improving current medical care and in clinical trials involving patients with SMA in a local teaching hospital.

Key words: Spinal muscular atrophy (SMA), survival motor neuron (SMN)

Introduction

Spinal muscular atrophy (SMA) is an inherited
degenerative disease involving a motor neurons that
cause hypotonia, reduced to absent deep tendon
reflexes, symmetrical proximal weakness, muscle
atrophy, paralysis, and even death in childhood®
2. The International SMA Consortium classification
system classifies SMA into three types based on the
wide array of clinical manifestations, severity, age
at onset, achievement of milestones, prognosis, and
typical life span of patients[34]. Type | SMA (Werdnig—
Hoffman disease; MIM# 253300) is the most severe
form, with clinical onset generally occurring before
the age of 6 months, wherein which the child never
achieves the ability to sit. Type Il SMA (MIM# 253550)
is of intermediate severity, with onset between 7-18
months. Most patients with type Il SMA are able to

*Correspondence to: Dr. Ching-Shiang Chi, Department of
Pediarics, Tungs’ Taichung MetroHarbor Hospital, No.699,
Sec. 8, Taiwan Blvd., Taichung City 435, Taiwan (R.0O.C.)

sit without support but can never stand and walk
independently. They usually survive beyond 10 years.
Type Il SMA (Kugelberg—Welander disease; MIM#
253400) is a mild form of the disease with onset after
the age of 18 months. Even with proactive respiratory
and nutritional management, patients with type |
typically die in the first 2 years of life. Both SMA type
Il and Il may lose motor milestones over timel>l.

SMA is autosomal recessive; however, autosomal
dominant and X-linked inheritance has been
documented®]. The reported incidence is about 1
in 10,000 live births with a carrier frequency of 1 in
50[7], Consanguineous marriage increases the risk
of the disease in the family. Genetic studies have
mapped the locus for the three clinical types of SMA
to chromosome 5qg13 and refined it to the location
of the survival motor neuron (SMN) genel®. Two
highly homologous copies of SMN, telomeric SMN
(SMN1) and centromeric SMN (SMN2), have been
identified[®. Approximately 94% of patients with
SMA were homozygous for the absence of SMNI,
leaving the subject with a limited amount of SMN
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protein produced by the remaining copies of SMN219],
SMN2 is a duplication of SMN1 that differs by only 5
nucleotides. As the protein generated by the SMN2
is rapidly degraded, motor neurons in the spinal and
cranial regions will selectively and progressively
degenerate, leading to weakness, debilitation, and
death9], Therefore, the amount of SMN protein is
inversely correlated with the severity of diseaselsl.
Moreover, several compound heterozygous subjects
with various deletions and point mutations have
been reported!l. The complete absence of the
SMN protein in cells has also been found lethal in
mice embryo and other organisms!12, suggesting a
likelihood of prenatal onset and death. The American
College of Medical Genetics has recommended the
routine carrier screening for SMA in the general
population because of its high carrier frequency and
disease severityl13!,

The accurate assessment of SMA motor
function in combination with SMN gene studies helps
determine the functional prognosis. The expanded
Hammersmith functional motor scale (HFMSE)!4] can
accurately assess the functional ability of patients
with SMA and has been correlated with the primary
outcome in a randomized clinical trial. In this study,
we aimed to describe the clinical characteristics of
SMA, including sex, onset age, gene data, prenatal
history, delivery modes, birth weight, and clinical
manifestations. We used the HFMSE to measure
the motor functions of subjects with SMA and to
correlate the findings with their genetic data.

Patients and methods

Subjects and enrolled criteria

This was a retrospective chart review of patients
with SMA hospitalized in a local teaching hospital from
January 2015 to December 2019. The data evaluated in
this study were as follows: (i) inpatient and outpatient
records with a diagnosis of SMA, International
Classification of Disease 2008 code (Code numbers
335.0, 335.10, 335.11, and 335.19); (ii) demographic
features including prenatal history, birth weight,
presenting complaints at admission or at healthcare
seeking, consanguinity, developmental delay or early
death/s within the family, onset age (defined as the
age at which the first abnormalities became evident,
based on the descriptions from parents about the first
signs of weakness, delayed motor milestones, or loss

of functions), sex, disease progression, involvement
of respiratory or bulbar muscles, joint contracture,
scoliosis, and pneumonia; (iii) symptoms including
generalized hypotonia, muscle weakness in upper
or all limbs, muscle atrophy, tongue fasciculation,
and decreased or absent deep tendon reflexes!; (iv)
motor function evaluation with the HFMSE (lower
scores indicate poorer motor function)!3]; and (v)
genetic analysis. All patients were diagnosed with SMA
based on the criteria established by the International
SMA ConsortiumB3l. This study was approved by
the institutional ethical review committee (IRB No:
108035).

Genetic studies

Genomic DNA from peripheral whole blood was
prepared by standard phenol/chloroform extraction
procedures[1®l. Quantitative real-time polymerase chain
reaction was used to detect the numbers of SMN1 and
SMN2 copies to determine SMNZ1 and SMNZ2 expressions.
The SMIN copies were amplified using the forward
primer 5¢ -AATGCTTTTTAACATCCATATAAAGCT-3¢ and
the reverse primer 5¢ -CCTTAATTTAAGGAATGTGAGCACC
-3¢ under the following amplification conditions:
one cycle at 50°C for 2 min, one cycle at 95°C for 10
min, followed by 40 cycles of 95°C for 15 sec and 60°C
for 1 min for a total volume of 25 mL containing 50
ng of genomic DNA, 0.3 mM of each primer, 13 mL
Platinum gPCR Supermix-UDG (Invitrogen, Karlsruhe,
Germany), 0.5 mM 6-carboxy-X-rhodamine (ROX) as
a passive reference (Invitrogen), 2 mM MgCl,, and
100 nmol of each probe. Quantification and analysis
were performed using an ABI Prism 7000 sequence
detection system. All procedures were modified from
those described in a previous study[!’]. All patients’
genetic studies were performed by the Sofiava
Genomics Co., Ltd., Taipei, Taiwan.

Statistical analysis

All values were expressed as mean + standard
deviation. The quantification data on the SMN2 copy
numbers and HFMSE scores were analyzed using
Student’s t-test. A p value < 0.05 was considered
statistically significant.

Results

Functional assessment of SMA
The chart review retrieved seven eligible
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cases involving three boys and four girls for further
analysis. Five patients (71.4%) were SMA types Il, and
two patients (28.6%) were SMA type lIl (Table 1). No
SMA type | were identified in this study considering
this classification entails rapid disease progression,
a short life span, and high mortality. The onset age
varied considerably from 12 months to as late as
36 months. Motor functions were evaluated with
HFMSE, which contains 33 items that are divided
into sitting, rolling, transitions/crawling, standing/
stepping, transitions/kneeling, squat/jumping, and
climbing stairs. Each item is scored on a scale of 0-2.
The total scores for SMA type Il and SMA type llI
ranged from 16 to 21 and from 53 to 61, respectively.

Correlation between motor function and SMN2
copy number in SMA

In this study, all patients showed homozygous
deletions of SMN1 (100%). Molecular studies showed
that the number of SMN2 copies in SMA types Il
and Il were 3 and 4, respectively (Table 1). The
statistical analysis showed that SMN copy number
was significantly correlated with the functional
assessment results (Figure 1, p < 0.005).

Clinical features of SMA

No prenatal anomalies were noted in the chart
records. The mean birth weights for SMA types
Il and 1l were 3389 + 434.2 g and 3055 + 572.8 g,

Table 1. Onset age, sex, classification, SMN copy number, and functional assessment with the Expanded Hammersmith Functional

Motor Scale of patients with spinal muscular atrophy

Case 1 2 3 4 5 6 7
Onset age (Mo) 12/F 13/F 36/M 12/F 12/F 36/M 15M
/Gender
SMA type I I 1I 1I )i I I
SMN2 3 3 3 3 3 4 4
copy No
HFMSE
Sitting 2 3 1 2 2 6 8
Rolling 2 1 1 1 1 9
Transitions/Crawling 8 5 5 6 6 14 16
Standing/stepping 2 2 2 2 2 5 5
Transitions/kneeling 3 3 3 3 3 12 12
Squat/jumping 1 1 1 1 1 3 3
Stairs 3 3 3 4 3 8 8
Total 21 18 16 19 18 53 61
dk
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g
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*
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Fig. 1 Correlation between SNM2 copy number and the Expanded Hammersmith Functional
Motor Scale (HFMSE) score. Each black diamond represents a subject with SMA. ** p <0.005.
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Table 2. Clinical manifestations of patients with SMA

Type SMA I SMA 1T
Case no. n (%) 5(71.4) 2 (28.6)
Prenatal anomalies - -
Birth weight (g) 3389+434.2 3055+572.8
Onset age (mo) 17+10.6 25.5+14.8
Floppy at birth 5 (100) 0(0)
Delayed motor milestones 5 (100) 2 (100)
Weakness: only legs 3 (60) 2 (100)
arms and legs 2 (40) 0 (0)
Muscle atrophy 5 (100) 0(0)
Tongue trembling 2 (40) 0(0)
Bulbar paralysis 0 (0) 0 (0)
Paradoxical breath 0 (0) 0 (0)
Decreased or absent DTR 5 (100) 0 (0)
Pneumonia 5 (100) 2 (100)
Scoliosis 2 (40) 1 (50)
Joint contracture 5 (100) 1 (50)

respectively. The mean onset age for SMA types |l
and Il was 17 £ 10.6 months and 25.5 + 14.8 months,
respectively (Table 2). Symptoms analysis showed
that infantile hypotonia was only found in SMA type
Il (100%) and none in type lIl. All patients regardless
of SMA type had a history of delayed achievement
of motor milestones. Forty percent of patients with
SMA type Il and none with SMA type Ill showed
weakness in both arms and legs. Furthermore, 60% of
patients with SMA type Il and 100% of patients with
SMA type Il showed weakness involving bilateral
legs. These findings confirm the greater disease
severity in SMA type Il than in SMA type Ill. Muscle
atrophy and decreasing or absent deep tendon
reflex were only observed in all patients with SMA
type Il. Furthermore, 40% of patients with SMA type
Il presented with tongue fasciculations. No bulbar
paralysis and paradoxical paralysis were found in any
patient. The chart review further revealed that all
patients had prior history of pneumonia. Orthopedic
deformities such as scoliosis were found in two cases
(40%) with SMA type Il and one with type Il (50%),
whereas joint contracture was observed in all patients
with type 11 (100%) and in one with type 11l (50%).

Discussion

Onset age and age at achievement of motor

function milestones are important parameters
in the disease course of SMA and in classification
by clinical typel®5l. In this study, the average ages
of onset for SMA types Il and Il were 17 £ 10.6 and
25.5 + 14.8 months, respectively. Zerres et al.l18]
retrospectively analyzed the natural history of 445
patients with SMA and found that the age of onset for
types Il and lll were 8.6 + 4.4 months and 17.9 = 7.2
months, respectively. Souchon et al.[!9] retrospective
investigated 63 patients with SMA types Il and Il in
Canada and observed that onset age in types Il and 11l
were 0.8 + 0.3 years and 1.8 £ 1.5 years, respectively.
The discrepancy between our study and others may
be due to the recall effect. Nevertheless, our results
showed that the onset age for type Il was earlier than
that for type lll. A slightly high prevalence of females
was noted in the present study, which may be due to
the small sample size. In previous reports, patients
with SMA have been predominantly male[20.21],

Although the disease progresses later in the
life span, patients with SMA exhibit a wide range of
motor functions, from being very weak, unable to
sit, and unable to play sports. Subjective and easy
guantitative assessments are needed to evaluate
these motor functions, and the scales should be
specific and to the unique motor behaviors age-
appropriatel2Zl, Several motor scales have been
established to evaluate patients with SMA, such as
the Children’s Hospital of Philadelphia Infant Test of
Neuromuscular Disorders designed for SMA type 1123,
Bayley Scales of Infant Development for assessing
motor function in normal children24, Hammersmith
Infant Neuromuscular Examination Section 2[25! for
SMA infants[26], HFMS[27] for SMA type Il with limited
mobility[27], and HFMSE. The HFMSE was built upon
the HFMS by incorporating 13 items from the Gross
Motor Function Measure, an instrument designed
for patients with cerebral palsy[?8l. It consists of 33
activities with a maximum item scoring of 66. Each
item is scored from 0 for unable to perform, 1 for
performs with modification/adaptation, to 2 for
performs without modification. The higher the total
score, the greater the patient’s motor function(5].
HFMSE can accurately represent the clinical picture
and functional ability of patients with SMA and has
been used as the primary outcome measure in a
randomized clinical trial in SMA[4],

Homozygous deletion of SMNI is the gold
standard for the diagnosis and absence of exon
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7 and/or exon 8 in SMNI. This deletion has been
observed in 95% of SMA cases[29:30], Such mutations
in the SMN1 alter RNA processing to inhibit SMN
protein production, leading to the pathophysiology
of SMA. The SMN2 is a near-identical copy but with
a critical difference at the exon 7 or 8 splice site,
which causes a reduced amount of full-length protein
to be translated[3l. As several reports concluded
that no difference in the frequencies of the SMN1
exon 7 and/or 8 deletion among the three SMA
phenotypes[32], the present study therefore did not
further investigate the incidence rates of mutated
SMN exons 7 and 8.

Furthermore, 95% of patients with SMA type
| have only 1-2 copies of SMN2, whereas almost all
patients belonging to type Ill had 3 or more copies!33],
suggesting that patients with multiple copies may
generate more full-length proteins that in turn lessen
severity. In the present study, patients with SMA
type Il had 3 SMN2 copies, whereas patients with
SMA type Il had 4 SMN copies. The data not only
showed that the total HFMSE scores were positively
correlated with SMN2 copy number, thus affirming
that clinical motor function is correlated with SMN2
copy number34, but also showed that the total
HFMSE scores of female patients with SMA type |l
were higher than male patients with SMA type II,
demonstrating that that clinical course of SMA is
more severe in males than in females(20],

No consanguineous marriages and no family
members with early deaths or with developmental
delays prior to death were found in our cases, although
a high prevalence of SMA has been reported in Middle
East Asia because consanguineous marriages are
very common in that region[3l. Different cultural
backgrounds may affect the incidence rate of SMA.
Many patients with SMA may have had prenatal onset,
and most were SMA type 1738, No patients had
prenatal onset in the present study.

A paper reported that lower birth weight may
be linked to poor prognosis of SMA type 1371, The
birth weight in our cases was within the normal range
because most patients enrolled in the study were
SMA type Il or Ill, although a retrospective study
showed 20% of SMA type Il who died at 15 years and
4.9% of SMA type Ill who had retained ambulatory
function in their teenage years were floppy infants
at birth[38l. In our series, only cases with SMA type |I
showed floppiness at birth and were subsequently

confined to a wheelchair. No cases with type Il
showed floppiness at birth. Our results suggest
that patients with SMA type Il tended to present
floppiness at birth.

Studies showed that 75% of SMA type |l
maintained the ability to sit after the age of 7 years
independent of onset age; in the type Ill group, 50%
of patients with onset before 2 years lost the ability to
walk39). In the present study, patients with both SMA
types Il and Il all showed delayed motor milestones,
and medical records showed that patients with SMA
type Il progressively became confined to a wheelchair
after disease onset. However, patients with type |l
showing delayed motor milestones were still ambulatory.
Therefore, delayed motor milestones do not necessarily
correlate with motor function prognosis.

Bulbar paralysis and paradoxical breathing are
common in SMA type | and very rarely in types Il and
1111401, which is compatible with our findings. Muscular
weakness is the cardinal symptom of SMA. This study
showed that weakness in the legs occurred in 60%
of SMA type Il and 100% of SMA type Ill. However,
weakness in the arms and legs only presented in SMA
type Il but not in type Ill, suggesting that patients
with SMA types Il and Ill may present variable levels
of weakness in different limbs. Muscle atrophy,
tongue fasciculations, and areflexia were noted in
SMA type Il but not in SMA type Il

Bone- and joint-associated deformity is common
in SMAM, |n this study, 100% of SMA type Il and
50% of type lll developed joint contractures and
foot deformities. Scoliosis is also more common in
type Il than in type 111842 We noted that muscular
weakness led to progressive scoliosis in some of
our cases. The combination of respiratory muscle
weakness and scoliosis may result in restrictive lung
diseasel#1], leading to a high incidence of pneumonia
(100% in types Il and Ill). Convergently, these variable
features and the spectrum of disease severity in SMA
suggest that SMA is not solely a lower motor neuron
disease but a multi-system disorder.

This study had several limitations. First, this
study only enrolled 7 patients. Larger samples are
needed to further explain the relationships between
genetic data and clinical manifestations of SMA.
Second, this study is retrospectively designed.
A prospective study may have fewer potential
sources of bias and confounding factors than a
retrospective one. Third, this study is cross-sectional
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in design. A longitudinal study will be able to describe
developments and changes in the characteristics
of the patients with SMA over a longer observation
period and thus will be able to elucidate the impacts of
SMN copy numbers and clinical presentations. These
limitations may have led to some biases in the analysis
of the clinical characteristics in the present study.

Patients with SMA demonstrate a wide array
of characteristics and spectrum of severity. Making
an accurate diagnosis and classification is currently
challenging because of the variable features and
onset age of SMA. Our findings confirm that SMA
may be a multi-system disorder but is not solely a
disease of lower motor neuron function. Increased
understanding of the etiology and pathogenesis of
SMA in recent years has led to the development of
several potential therapeutic approaches such as
nusinersen, a modified antisense oligonucleotide that
modulates the splicing of the SMN2 mRNA transcript.
It is the first drug approved for all types of SMA. Gene
therapy, such as Zolgensma, has been approved by
the U.S. Food and Drug Administration. The approval
was based on a clinical trial using adeno-associated
virus vectors encoding SMN, which reported
positive results in survival and motor milestones
achievement!#3!. In addition, progress has been made
on other specific approaches, such as the modulation
of SMN2 transcriptsl44-46]  neuroprotection(47-49],
and the use of stem cellsl>. Based on these
developments, therapeutic approaches aimed at
treating SMA will soon create meaningful changes in
the treatment and clinical management of SMA.
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Abstract

Background and purpose: To analyze the oncological and fertility outcomes in patients with early endometrial cancer
(EC) or complex atypical hyperplasia (CAH) treated with hysteroscopic tumor resection with or without laparoscopic
staging before progestin treatment.

Methods: This study evaluated women undergoing hysteroscopic resection of tumors diagnosed as early endometrioid
adenocarcinoma or CAH with or without laparoscopic evaluation of the pelvic cavity before initiating progestin
treatment. Response rates were evaluated 6 months after the procedure, with conception encouraged as applicable
following a complete response.

Results: Six patients with early EC and three with CAH underwent surgical resection. The complete response rate was
77% (100% in CAH and 66% in early EC), with two patients showing persistent disease after 6 months of treatment. No
patients showed evidence of disease after a median follow-up of 23 months (range 8-124 months). In the patients who
sought conception, the live birth rate was 60%. Three recurrences were observed within an average of 24 months after
the initial complete response.

Discussion: Hysteroscopic resection for early EC and CAH with or without laparoscopy enables accurate staging and
creates a favorable microenvironment for future childbearing without compromising the patients’ oncological and
reproductive outcomes.

Key words: endometrial cancer, fertility-sparing surgery, hysteroscopy, laparoscopy, levonorgestrel-releasing intrauterine
device

Introduction

Endometrial cancer (EC) is the most common
gynecological cancer in Taiwanl!, with most cases
occurring in the sixth decade of life. Around 3%-5%
of affected patients are under the age of 40 years!?],
which poses a unique challenge for physicians aiming
to preserve patient fertility while ensuring favorable
oncologic outcomes.

*Correspondence to: Dr. Kim-Seng Law, Department of
Obstetrics and Gynecology, Tungs’ Taichung Metroharbor
Hospital, No.699, Sec. 8, Taiwan Blvd., Taichung City 435,
Taiwan (R.0.C.)

Fertility-sparing surgery has been advocated
for women who are clinically diagnosed with stage
1 grade 1 EC, can comply with progestin treatment,
and have a strong desire to conceivel3l. However,
synchronous or metastatic ovarian involvement can
occur in up to 29% of presumed stage 1 EC patients
under the age of 40 years!456l, Furthermore, conven-
tional progestin-only treatment combined with the
inherent disadvantages of relying solely on conven-
tional imaging studies incurs a high risk of upstaging
or, worse, jeopardizing the outcomes.

Hysteroscopic resection with or without lapa-
roscopic pelvic evaluation to eliminate gross endo-
metrial lesions may be useful for a subset of patients
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with early-stage EC diagnosed on clinical evalua-
tion. This approach facilitates the more complete
and accurate resection of the lesion and makes the
endometrial microenvironment more favorable and
responsive to subsequent progestin therapy(6-12,

This study aimed to investigate the impact of
hysteroscopic resection with or without laparoscopy
in fertility-sparing surgery in patients with early EC or
complex atypical hyperplasia (CAH).

Methods

This study was approved by the Institutional
Review Board of Tungs’ Taichung Metroharbor Hos-
pital. Nine patients diagnosed with stage 1 grade
1 EC (six patients) or CAH (three patients) between
January 1, 2007, and October 31, 2018, were
included. All patients were treated with curative
intent using dilatation and curettage (D&C) followed
by hysteroscopic resection. Hysteroscopic resec-
tion was performed under general anesthesia with
a 10-mm 0° resectoscope. The uterus was distended
using normal saline under an inflow pressure of 100
mmHg. A 5-mm electrode loop with 100 W of cutting
power was used for partial myometrial resection
of the tumor and the endometrium adjacent to the
tumor. Laparoscopic evaluation of the abdominal and
pelvic cavity was performed in all patients with EC
and in one with CAH, with suspicious sites biopsied.
The first two patients underwent retroperitoneal
lymphadenectomy. Laparoscopic adhesiolysis and/
or ablation of pelvic endometriosis were performed
where appropriate.

After surgical intervention, all patients received
a levonorgestrel-releasing intrauterine device (LNG-
IUD) 20 ug (Mirena, Bayer) 1 week following the con-
firmation of pathological stage 1 grade 1 EC or CAH,
with or without one of the following medications:
oral megestrol acetate (160—-320 mg QD), medroxy-
progesterone acetate (MPA; 500 mg QD), or gonad-
otropin-releasing hormone agonist (leuprorelin; 3.75
mg IM QM) + metformin (500 mg QD) for a total of
6 months. The LNG-IUD was removed 6 months after
insertion during an outpatient hysteroscopy, during
which endometrial curettage was performed to
determine the final pathological response.

Complete response was defined as histological
regression to the normal endometrium, whereas pro-
gression was defined as the worsening of CAH to EC

or grade 1 stage 1 EC to a higher grade or stage on
histology. Partial response was defined as regres-
sion from adenocarcinoma to atypical CAH or CAH
to simple or complex hyperplasia without atypia and
persistence without any histological changes before
and after treatment.

Post-treatment conception was encouraged as
soon as possible after the confirmation of a patho-
logically complete response with either spontaneous
conception or assisted reproductive technology
(ART). For patients not desiring pregnancy in the near
future, the reinsertion of LNG-IUD with or without
oral progestin was administered as maintenance
therapy. Patients not willing to conceive in the future
or those who had completed childbearing were
advised to undergo definitive surgery and were
closely followed up every 3 months during the first 2
years.

Results

The demographics of the study population are
shown in Table 1. The mean age at the time of diag-
nosis was 32 years (range 27-34 years), the mean
body mass index (BMI) was 28.6 kg/m?2, and the mean
preoperative serum anti-Mullerian hormone (AMH)
level was 4.73 ng/mL.

All patients with early EC underwent hystero-
scopic resection and laparoscopic pelvic evaluation
before progestin treatment, and two of the patients
with CAH underwent hysteroscopic resection only.
The oncological outcomes in the nine patients are
shown in Table 2. A pathologically complete response
was attained in 77% (7/9) (100% in CAH and 66% in
EC) of patients after 6 months of treatment. Of the
remaining patients, one had a persistent lesion, and
another achieved a partial response (from EC to CAH).
Both patients underwent definitive treatment with
laparoscopic-assisted vaginal hysterectomy and bilat-
eral salpingectomy with transposition of the ovaries.

Three patients experienced disease recur-
rence. Patient 1 showed recurrence after 96 months
of follow-up with an initial complete response. The
patient had given birth to a live term baby. Remis-
sion was achieved again after reinsertion of the
LNG-IUD, but the attempt for a second baby failed
due to chronic anovulation and male-factor infer-
tility. She experienced a second recurrence after 18
months (114 months from the initial diagnosis) and
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Table 1. Demographics of stage 1, grade 1 endometrial cancer patients

Age at diagnosis BMI AMH Follow-up
No. (years) (kg/mz) (473 £3.6) Gravidity  Parity ER/PR Diagnosis Stage Grade (median=
(32.1 £ 4.4) (286+68) 2 23 months)
1 23 31.0 1.55 0 0 +/4  Pndometrioid I 1 124
cancer
2 34 28.0 7.60 0 0 +/+  Pndometrioid I 1 84
cancer
3 30 22.6 7.30 0 0 +/4  Endometrioid [ 2 55
cancer
4 29 417 - 0 0  4+/4+ DEndometrioid 1 12
cancer
5 &y 247 10.70 0 0  +4/4  Endometrioid 1 10
cancer
6 34 27.8 4.84 0 0 +/4  Endometrioid I 1 9
cancer
Endometrioid
7 33 36.5 0.59 0 0 4 Cneer (EIN) 0 . 23
8 37 23.9 4.06 2 > .s4 Complexatypical ; 25

hyperplasia

9 37 212 117 0 0 474 Complexatypical - 8
hyperplasia

Values are presented as mean + standard deviation, unless otherwise stated. BMI, body mass index; AMH, anti-Mullerian hormone; ER/PR,
estrogen receptors/progesterone receptors; EIN, endometrial intraepithelial neoplasia.

Table 2. Progesterone treatments and outcomes among patients with early stage endometrial cancer

Conservation Disease ~ Tumour . Oral ART Live Treatment after
No . Conceive IUD e . Recurrence
treatment status reaction progesterone utilisation  birth recurrence
TCR + NED Resolved Yes Farlutal Mirena No Yes Yes Hysterectomy +
Laparoscopy BS
TCR + TCR +
2 NED Resolved Yes Metformin ~ Mirena Yes Yes Yes Laparoscopy +
Laparoscopy .
Mirena
TCR + Farlutal. + .
NED Resolved Yes Metformin + Mirena Yes No No
Laparoscopy
Megace
TCR + NED Persistent No - Mirena No No No Hysterectomy +
Laparoscopy BS
TCR + NED Persistent No Metformin Mirena No No No Hysterectomy +
Laparoscopy BS
TCR + NED Resolved No - Mirena No No No
Laparoscopy
7 TCR + NED Resolved Yes Farlutal + Mirena Yes No No
Laparoscopy Metformin
Farlutal +
8 TCR NED Resolved Yes Megacg + Mirena Yes Yes No
Leuprolide
acetate
9 TCR NED Resolved No - Mirena No No No

TCR, transcervical resectoscopy; NED, no evidence of disease; IUD, intrauterine device; ART, assisted reproductive technology; BS, bilateral
salpingectomy.
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underwent definitive surgical management with lap-
aroscopic-assisted hysterectomy and bilateral sal-
pingectomy with preservation of both ovaries. The
patient was followed up at our department every
3 months with no evidence of disease at the time of
writing.

Patient 2 experienced recurrence at 59 months
following an initial complete response. The patient
had also given birth to a healthy term baby. She
underwent hysteroscopic resection and reinsertion
of the LNG-IUD and attained complete response at
the time of writing.

The third recurrence was observed in Patient
3 after 21 months with initial regression (from EC to
CAH). Remission was attained after retreatment with
progestin. She did not have a clinical pregnancy due
to a failed embryo transfer following the first com-
plete remission. A second recurrence with EC grade
2 was observed 61 months from the first diagnosis.
The patient was treated with a second hysteroscopic
resection with LNG-IUD combined with oral dieno-
gest (Visanne, Bayer) and subsequently showed no
further evidence of disease.

The obstetric outcomes of those who sought
conception are shown in Table 2. Among five
attempted pregnancies, three (60%) involved the
deliveries of single term babies. One patient (Patient
3), who had conceived through in-vitro fertilization/
embryo transfer, had three embryo transfers aborted
soon after implantation. Another patient (Patient 7)
with low serum AMH had three follicle harvests but
failed to conceive through ART.

Discussion

Fertility-sparing surgery is recommended for
early EC patients of reproductive age who wish to
preserve their childbearing ability[3:47-911,13-28] The
best candidates are patients with early EC (endome-
trioid histology stage 1 grade 1 without myoinvasion)
who are able to receive progestin and have a strong
desire to conceive shortly after treatment. Most
importantly, the patient should be aware of the non-
conventional nature of the treatment protocoll3:28],

The major concerns with fertility-sparing
surgery are the inaccuracy of conventional clinical
staging(2930] and the risk of ovarian metastasis or
synchronous ovarian cancer in young women with
early EC, which has an incidence ranging from 4.5%

to 29%[4-6.26,311 Therefore, ovarian involvement in
patients with early EC need to be ruled out, and this is
most accurately done through surgical staging. Addi-
tional benefits of laparoscopic evaluation include
pelvic adhesiolysis, ablation of pelvic endometriosis,
and ovarian drilling in polycystic ovary syndrome,
which might positively impact future pregnancies.

Previous studies have reported that up to 40%
of patients with CAH have invasive EC[3233], |n these
cases, fractional D&C and complete resection are rec-
ommended, as they allow for comprehensive patho-
logical evaluation. Hysteroscopic resection enables
a more precise resection of the lesion and therefore
more accurate disease staging by assessing the depth
of myometrial invasion. This technique also facilitates
a more favorable microenvironment upon which pro-
gestin can act after the surgery.

Previous studies by Mentrikoski et al. (2012) and
Wheeler et al. (2007) have proposed 6 months as the
most appropriate cut-off time for the assessment of
pathological response in patients receiving progestin
for fertility-sparing treatment. This was also verified
in a phase Il study by Ushijima et al. (2007), where a
complete response was attained in 92% cases after
26 weeks of treatment.

Our series demonstrated oncological (77%)
and reproductive response rates (60%) comparable
to those of historical cohorts!13,17.18,23,24,26,27,34,35]
Considering the short interval of pathological assess-
ment (6 months post-progestin vs. 9-12 months in
other series), this was a satisfactory response. The
favorable outcome could be attributed to better
stratification of patients to the true stage 1 grade
1 group and resection of the endometrial lesion,
which optimized the effect of the LNG-IUD inserted
thereafter. LNG-IUD has been found superior to
oral progestin alone in the treatment of endome-
trial hyperplasia, but not in EC136]. The combination
of both oral progestin and LNG-IUD has been advo-
cated by some authors!1536:37] and it should be con-
sidered in the future due to its direct and persistent
action, especially in those with obesity and chronic
anovulation.

The recurrence rate of fertility-sparing treat-
ment in EC has previously been reported to range
from 24%—41%, with a mean time to recurrence of
15-35 months[18:21,23,24,2737]  The recurrence rate
in our study was similar at 43%, but we observed
a longer mean time to recurrence of 53.6 months.
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Definitive treatment with hysterectomy should be
offered to patients who have completed their fami-
lies and those without fertility aspirations because
late recurrence can occur in the long term, as shown
in previous studies and in our series. Although
retreatment of recurrent disease is feasiblel37], the
high risk of subsequent recurrence remains a chal-
lenging clinical problem.

This study has limitations. First, this was a ret-
rospective study that included only a small number
of cases. Second, recall biases might have occurred
during data retrieval for future analysis. Third, the
heterogeneity of progestin treatment poses dif-
ficulties in assessing the consistent effect of pro-
gestin. Most importantly, a standardized method for
resecting lesions should be established with laparo-
scopic sentinel lymph node assessments replacing
complete lymphadenectomy in suitable cases.

Future protocols should establish consis-
tent postoperative regimens to determine a better
response. Further genetic testing for Lynch syn-
drome, also known as hereditary nonpolyposis
colorectal cancer, should be considered for young
women seeking fertility-sparing options.

Our study demonstrates that hysteroscopic
resection and laparoscopic staging in young women
with early EC opting for fertility-sparing surgery
can yield comparable oncological and reproductive
results with the benefit of more accurate staging and
a favorable endometrial environment.
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conflict of interest.

Data deposition: Not applicable.

References

1. Lai JCY, Weng CS, Huang SM, et al. Incidence and lifetime
risk of uterine corpus cancer in Taiwanese women from
1991 to 2010. Taiwan J Obstet Gynecol. 2017;56:68-72.
DOI: 10.1016/j.tjog.2015.09.010

2. Duska LR, Garrett A, Rueda BR, Haas J, Chang Y, Fuller AF.
Endometrial cancer in women 40 years old or younger.
Gynecol Oncol. 2001;83:388-393. DOI: 10.1006/gyno.
2001.6434

3. Laurelli G, Di Vagno G, Scaffa C, Losito S, Del Giudice M,
Greggi S. Conservative treatment of early endometrial
cancer: preliminary results of a pilot study. Gynecol Oncol.
2011;120:43-46. DOI: 10.1016/j.ygyno.2010.10.004

4. Walsh C, Holschneider C, Hoang Y, Tieu K, Karlan B, Cass
|. Coexisting ovarian malignancy in young women with

10.

11.

12.

13.

14.

15.

16.

endometrial cancer. Obstet Gynecol. 2005;106:693-699.
DOI: 10.1097/01.A0G.0000172423.64995.6f

. Signorelli M, Caspani G, Bonazzi C, Chiappa V, Perego P,

Mangioni C. Fertility-sparing treatment in young women
with endometrial cancer or atypical complex hyperplasia:
a prospective single-institution experience of 21 cases.
BJOG Int J Obstet Gynaecol. 2009;116:114-118. DOI: 10.
1111/j.1471-0528.2008.02024.x

. Alonso S, Castellanos T, Lapuente F, Chiva L. Hysteroscopic

surgery for conservative management in endometrial
cancer: a review of the literature. Ecancermedicalscience.
2015;9:505. DOI: 10.3332/ecancer.2015.505

. Montz FJ, Bristow RE, Bovicelli A, Tomacruz R, Kurman RJ.

Intrauterine progesterone treatment of early endometrial
cancer. Am J Obstet Gynecol. 2002;186:651-657. DOI: 10.
1067/mob.2002.122130

. Mazzon |, Corrado G, Masciullo V, Morricone D, Ferran-

dina G, Scambia G. Conservative surgical management
of stage IA endometrial carcinoma for fertility preser-
vation. Fertil Steril. 2010;93:1286-1289. DOI: 10.1016/j.
fertnstert.2008.12.009

. Shan BE, Ren YL, Sun JM, et al. A prospective study of fer-

tility-sparing treatment with megestrol acetate following
hysteroscopic curettage for well-differentiated endo-
metrioid carcinoma and atypical hyperplasia in young
women. Arch Gynecol Obstet. 2013;288:1115-1123. DOI:
10.1007/s00404-013-2826-8

Kalogera E, Dowdy SC, Bakkum-Gamez JN. Preserving fer-
tility in young patients with endometrial cancer: current
perspectives. Int J Womens Health. 2014;6:691-701. DOI:
10.2147/1JWH.S47232

Marton |, Vranes HS, Sparac V, Maricic |, Kuna K, Kopjar
M. Two cases of successful pregnancies after hystero-
scopic removal of endometrioid adenocarcinoma grade
|, stage IA, in young women with Lynch syndrome. J
Turk Ger Gynecol Assoc. 2014;15:63-66. DOI: 10.5152/
jtgga.2013.69379

Yang B, Xu Y, Zhu Q et al. Treatment efficiency of com-
prehensive hysteroscopic evaluation and lesion resection
combined with progestin therapy in young women with
endometrial atypical Hyperplasia and endometrial cancer.
Gynecol Oncol. 2019;153:55-62. DOI: https://doi.org/10.
1016/j.ygyno.2019.01.014

Dijkhuizen FP, Mol BW, Brolmann HA, Heintz AP. The
accuracy of endometrial sampling in the diagnosis of
patients with endometrial carcinoma and hyperplasia:
a meta-analysis. Cancer. 2000;89:1765-1772. DOLl:
10.1002/1097-0142(20001015)89:8<1765::aid-cncrl17>
3.0.co;2-f

Jadoul P, Donnez J. Conservative treatment may be ben-
eficial for young women with atypical endometrial hyper-
plasia or endometrial adenocarcinoma. Fertil Steril. 2003;
80:1315-1324. DOI: 10.1016/s0015-0282(03)01183-x
Trimble CL, Kauderer J, Zaino R, et al. Concurrent endo-
metrial carcinoma in women with a biopsy diagnosis of
atypical endometrial hyperplasia: a Gynecologic Oncology
Group study. Cancer. 2006;106:812-819. DOI: 10.1002/
cncr.21650

Ushijima K, Yahata H, Yoshikawa H, et al. Multicenter phase
Il study of fertility-sparing treatment with medroxypro-
gesterone acetate for endometrial carcinoma and atypical
hyperplasia in young women. J Clin Oncol. 2007;25:2798-
2803. DOI: 10.1200/JC0.2006.08.8344



60

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Kim-Seng Law / Tungs’ Medical Journal 15 (2021) The 50" Anniversary of TTMHH 55-61

Jamie N. Bakkum-Gamez, Eleftheria Kalogera, Gary L.
Keeney, Andrea Mariani, Karl C. Podratz, and Sean C.
Dowdy. Conservative management of atypical hyper-
plasia and grade | endometrial carcinoma: Review of the
literature and presentation of a series. Journal of gyneco-
logic surgery. 2012;28:262-269. https://doi.org/10.1089/
gyn.2012.0011

Gallos ID, Yap J, Rajkhowa M, Luesley DM, Coomarasamy
A, Gupta JK. Regression, relapse, and live birth rates with
fertility-sparing therapy for endometrial cancer and atyp-
ical complex endometrial hyperplasia: a systematic review
and metaanalysis. Am J Obstet Gynecol. 2012;207:266.
e1-266.12. DOI: 10.1016/j.ajog.2012.08.011

Gunderson CC, Fader AN, Carson KA, Bristow RE. Onco-
logic and reproductive outcomes with progestin therapy
in women with endometrial hyperplasia and grade 1 ade-
nocarcinoma: a systematic review. Gynecol Oncol. 2012;
125:477-482. DOI: 10.1016/j.ygyno0.2012.01.003
Mentrikoski MJ, Shah AA, Hanley KZ, Atkins KA. Assessing
endometrial hyperplasia and carcinoma treated with pro-
gestin therapy. Am J Clin Pathol. 2012;138:524-534. DOI:
10.1309/AJCPM2TSDDF1MHBZ

Kim MK, Seong SJ, Kim YS, et al. Combined medroxypro-
gesterone acetate/levonorgestrel-intrauterine system
treatment in young women with early-stage endometrial
cancer. Am J Obstet Gynecol. 2013;209:358.e1-358.e4.
DOl:https://doi.org/10/1016/j.ajog/2013/06/031

Park JY, Kim DY, Kim JH, et al. Long-term oncologic out-
comes after fertility-sparing management using oral pro-
gestin for young women with endometrial cancer (KGOG
2002). Eur J Cancer. 2013;49:868-874. DOI: 10.1016/j.ejca.
2012.09.017

Koskas M, Uzan J, Luton D, Rouzier R, Darai E. Prog-
nostic factors of oncologic and reproductive outcomes
in fertility-sparing management of endometrial atypical
hyperplasia and adenocarcinoma: systematic review and
meta-analysis. Fertil Steril. 2014;101:785-794. DOI: 10.
1016/j.fertnstert.2013.11.028

Simpson AN, FeigenbergT, Clarke BA, et al. Fertility sparing
treatment of complex atypical hyperplasia and low grade
endometrial cancer using oral progestin. Gynecol Oncol.
2014;133:229-233. DOI: 10.1016/j.ygyno0.2014.02.020
Arendas K, Aldossary M, Cipolla A, Leader A, Leyland NA.
Hysteroscopic resection in the management of early-
stage endometrial cancer: report of 2 cases and review of
the literature. J Minim Invas Gynecol. 2015;22:34-39. DOI:
10.1016/j.jmig.2014.08.782

Pronin SM, Novikova OV, Andreeva JY, Novikova EG. Fer-
tility-sparing treatment of early endometrial cancer and
complex atypical hyperplasia in young women of child-
bearing potential. Int J Gynecol Cancer. 2015;25:1010-
1014. DOI: 10.1097/1GC.0000000000000467

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Qin Y, Yu Z, Yang J, et al. Oral progestin treatment for
early-stage endometrial cancer: a systematic review and
meta-analysis. Int J Gynecol Cancer. 2016;26:1081-1091.
DOI: 10.1097/1GC.0000000000000723

Koh WIJ, Abu-Rustum NR, Bean S, et al.. Uterine Neo-
plasms, Version 1.2018, NCCN Clinical Practice Guidelines
in Oncology. J Natl Compr Canc Network, version 1.2018.
2018;16:170-199. DOI: 10.6004/jnccn.2018.0006
Wheeler DT, Bristow RE, Kurman RJ. Histologic alterations
in endometrial hyperplasia and well-differentiated carci-
noma treated with progestins. Am J Surg Pathol. 2007;31:
988-998. DOI: 10.1097/PAS.0b013e31802d68ce

Park JY, Seong SJ, Kim TJ, et al. Pregnancy outcomes after
fertility-sparing management in young women with early
endometrial cancer. Obstet Gynecol. 2013;121:136-142.
DOI: 10.1097/a0g.0b013e31827a0643

SongT,SeongSJ, Bae DSetal.Synchronous primary cancers
of the endometrium and ovary in young women:A Korean
Gynecologic Oncology Group Study. Gynecol Oncol. 2013;
131:624-628. DOI: 10.1016/j.ygyno.2013.09.009

Kudesia R, Singer T, Caputo TA, et al. Reproductive and
oncologic outcomes after progestin therapy for endo-
metrial complex atypical hyperplasia or carcinoma. Am J
Obstet Gynecol. 2014;210:255.e1-255.e4. DOI: 10.1016/j.
2jog.2013.11.001

Abu Hashim HA, Ghayaty E, EIl Rakhawy M. Levonorgestrel-
releasing intrauterine system vs oral progestins for non-
atypical endometrial hyperplasia: a systematic review and
metaanalysis of randomized trials. Am J Obstet Gynecol.
2015;213:469-478. DOI: 10.1016/j.ajog.2015.03.037
Wildemeersch D, Janssens D, Pylyser K, et al. Management
of patients with non-atypical and atypical endometrial
hyperplasia with a levonorgestrel-releasing intrauterine
system: long-term follow-up. Maturitas. 2007;57:210-213.
DOI: 10.1016/j.maturitas.2006.12.004

Varma R, Soneja H, Bhatia K, et al. The effectiveness of
a levonorgestrel-releasing intrauterine system (LNG-IUS)
in the treatment of endometrial hyperplasia—a long-term
follow-up study. Eur J Obstet Gynecol Reprod Biol. 2008;
139:169-175. DOI: 10.1016/.ejogrb.2008.02.022

Hawkes AL, Quinn M, Gebski V, et al. feMME trial com-
mittee, and Obermair, A. Improving treatment for obese
women with early stage cancer of the uterus: rationale
and design of the levonorgestrel intrauterine device *
metformin + weight loss in endometrial cancer (feMME)
trial. Contemp Clin Trials. 2014;39:14-21. DOI: 10.1016/j.
cct.2014.06.014

Park JY, Lee SH, Seong SJ, et al. Progestin re-treatment
in patients with recurrent endometrial adenocarcinoma
after successful fertility-sparing management using pro-
gestin. Gynecol Oncol. 2013;129:7-11. DOI: 10.1016/j.
ygyno.2012.12.037



Kim-Seng Law / Tungs’ Medical Journal 15 (2021) The 50" Anniversary of TTMHH 55-61 61

A P e O e 5 T ik o L 3K £ ¥ 72 75 RE 0 1) 5L 1001 A R
AIBTHETE SR 1~ g A R A — B R e

e

FTHREBHABIAZTEERER WA

22X A BRE 10907 A 24 8 ;3273 RE 109 10 A 21 8

EE3

BRREBBY : o s iR IG AT DL 5 ke s e S B 1 e I (BC) B Y
4= (CAH) RYSFHHIERRTHREBAURTER -

& T OOATAEBE B RS R IGIR AT 52 1 B B S SR B T AR AL A R R DA
BORETE T RIS AR (A 20 » Tl 8 H PG ORISR - WA AT HA2 2R -
FER o BT T = MR BN 3 B REI R SRR R AE P A S R R IR IR Z RTRE 32 T TG -
SEERRIAERTy 77% (BAETRHELAINAE Ty 100% @ TENBRER 66%) @ HAERIHEFFEGE 6 16 HRIE
TRHRIRAFAE - 3iEmE 23 H (8-124 HH ) & - A BEREBEHSE - EREAELCE T - HEERR
60% ° FEARLEIR AT SE ERRMERPRAE T+ 5 = A 24 fH HAES -
ftam ¢ O e B e SRR R B S0 S B B ) B P m] A B B R e o0 S0 S B3 R A R 522
B - BB E TR Sh AR -

RASEER | TEIYE - REAEFRENIITN - TEE - IBPER - BRI T E g

*HAES © RIS B THOBBRAERFIATLECER WAA 43503 2V AR REAF 699 3%



Tungs’ Medical Journal 15 (2021)

62 The 50t Anniversary of TTMHH 62-66

DOI: 10.3966/207135922021091505009

Case Report

Maternal Inheritance of Deletion of Chromosome 18 q21.3

Hueng-Chuen Fan'?, Chen-Tang Yue?, Ching-Shiang Chi?, Sin-Yi Liou3,
Cai-Ying Lin?, Shin-Nan Cheng'*

1Department of Pediatrics, °Department of Medical Research, 3Child Development Center,
Tungs’ Taichung MetroHarbor Hospital, Taichung, Taiwan

Received: Nov. 20, 2020; Accepted: Dec. 08, 2020

Abstract

The 18q deletion syndrome is a rare chromosomal disorder. The phenotype is highly variable but is characterized
by central nervous system abnormalities, head and neck dysmorphisms, cardiac anomalies, bone deformities, and
cognitive and immune impairment. On chromosome structure analysis, the most common breakpoint of the long
arm of the chromosome 18 is at q21.3, and most cases are paternally inherited. However, case reports regarding the
specific 18921.3 deletion are quite few. We report the clinical manifestations in a case of a male infant with 18g21.3
deletion, wherein his and his mother’s cytogenetic findings showed a terminal deletion of the long arm of chromosome
18, whereas his father’s karyotype was normal. Whole-blood chromosome analysis revealed significant information
that narrowed down a possible diagnosis, and genetic information from the parents’ karyotypes shed light on the

inheritance pattern of the disease.

Key words: 18q deletion syndrome, paternal and maternal inheritance

Introduction

The 18- syndrome [OMIM #601808] is one of
the most common deletion syndromes in humans
with an estimated prevalence of about 1 in 40,000
live births!1l. It is caused by a terminal deletion of the
long arm of chromosome 18. The phenotypes are
characterized by central nervous system abnormali-
ties, head and neck dysmorphisms, cardiac anoma-
lies, and bone deformities. Cognitive and immune
impairment are also reported!(1-3],

The most common cytogenetic finding of anom-
alies in chromosome 18 is a deletion of bands g21to
gter [MIM #601808], but reports regarding the
phenotypes of this deletion are scarcel>®l. Approxi-
mately three-fourths of patients had de novo dele-
tions, of which 85% were paternal in origin[%78l,
Here, we report the case of a male infant with

*Correspondence to: Dr. Shin-Nan Cheng, Department of
Pediatrics, Tungs’ Taichung MetroHarbor Hospital, No.699,
Sec. 8, Taiwan Blvd., Taichung City 435, Taiwan (R.O.C.)

18qg- syndrome who inherited the genetic anomaly
from his mother.

Case Report

A 4-day-old male newborn, full term with a
gestational age of 40 weeks, was the first child born
to healthy, non-consanguineous parents after an
uneventful pregnancy, delivered through Cesarean
section due to prolonged labor. The newborn had
a birth weight of 2450 g and APGAR scores of 9 and
10 at 1 and 5 minutes, respectively. No known tera-
togenic exposures occurred during the pregnancy. As
he had presented with frequent vomiting, regurgita-
tion, and lethargy after birth, he was transferred to a
teaching hospital for further treatment. At arrival, the
clinical examination of the infant revealed a weight of
2.3 kg (less than 3 percentile), height of 47 cm (5-15
percentile), occipito-frontal perimeter of 30.5 cm
(less than 3 percentile), and dysmorphic features.
Specifically, the infant had a large forehead, hyper-
telorism, mid-facial hypoplasia, micrognathia, low-set
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Fig. 1 Clinical features of a boy with a deletion of chromosome 18q21.3. (A) Large forehead, hypertelorism, mid-facial hypoplasia,
carp-like lips, and micrognathia; (B) low-set ear with a prominent antihelix (red arrow) and a short neck; (C) the antihelix is not as
prominent as the opposite ear; (D&E) small hands and clinodactyly of the Sth fingers; and (F&G) rocker bottom feet.

ears, and malformed earlobes with prominent anti-
helix, carp-like lips, short neck (Figures 1A-1C), bilat-
eral small hands and clinodactyly of the 5th fingers
(Figures 1D and 1E), and rocker bottom feet (Figure
1F and 1G). Neurological examination showed rela-
tive weakness of four limbs (3—4/5) and normal
deep tendon reflex. Echocardiography showed a
secumdum-type atrial septal defect, 0.61 cm (Figure
2A). Brain ultrasonography showed a bilateral thinner
corpus callosum (Figures 2B and 2C). Chromosome
analysis by Giemsa-trypsin-Giemsa banding showed
a deletion of the long arm of chromosome 18, with a
breakpoint at 18921.3, that is, 46, XY, del (18)(q21.3)
(Figure 3A). His mother’s chromosome analysis
showed a similar result, 46, XX, del (18)(g21.3) (Figure
3B). However, his father’s karyotype was normal
(Figure 3C).

Discussion

The clinical features of this syndrome are highly
variable, including central nervous system prob-
lems (mental retardation, microcephaly, and hypo-
tonia), eye problems (eye movement disorders, vision

problems, and deep-set eyes), ear problems (promi-
nent ears and hearing impairment due to aural ste-
nosis or narrowing of the ear canals or aural atresia or
absence of an ear canal), face dysmorphisms (midface
hypoplasia, prominent forehead, a wide or carp-
like mouth, and micrognathia), endocrine problems
(short stature and hypothyroidism), heart problems
(congenital heart defects, such as atrial septal defect
and pulmonary atresia), urogenital abnormalities,
skin problems, and bone problems (including clino-
dactyly and clubfoot). These features may be col-
lectively noticeable if physicians conduct a detailed
physical evaluation on any suspected subject.

In this case, the infant presented nearly all
typical 18q- features, but his left prominent anti-
helix, rocker bottom feet, and thinner corpus cal-
losum were unusual. These clinical findings suggest
that the deletion of 18g21.3 may affect mechanisms
in the organization of the brain and body parts such
as the heart, ears, and bones. Feenstra et al.l% cor-
related several phenotypes with the critical region
defects, including microcephaly (18921.33) and
short stature (18q12.1-q12.3, 18g21.1-q21.33, and
18g22.3—-q23), white matter disorders and delayed
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myelination  (18¢g22.3—qg23), growth hormone
insufficiency (18722.3—g23), and congenital aural
atresia (18922.3). These correlations may reflect
the patient’s genetic defects that produced his wide
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spectrum of clinical features. Moreover, approxi-
mately three-fourths of patients had de novo dele-
tions, of which 85% were of paternal in origin(t.78l,
So far, only two papers have reported the maternal

Fig. 2 Sonograms of heart and brain of a boy with a deletion of chromosome 18q21.3. (A) Subcostal 4-chamber view showing a large
septal defect between the right and left atria (0.61 cm). Transcranial parasagittal view showing a thinner corpus callosum, (B) right

and (C) left views.
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Fig. 3 G-banding karyotype illustrates (A) a deletion of the long arm of chromosome 18, with a breakpoint at 18q21.3 in the proband.
(B) Maternal chromosome analysis showing the same deletion at the proband. (C) Normal paternal chromosome 18.
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inheritance of chromosome 18 deletions!10.11],
Fryns et al.'2] found identical structural rearrange-
ments between 18qg21 and 14pl1l in a mother and
child, whereas Chen et al. noted the direct transmis-
sion of the deletion of 18922.2 from a mother to her
daughter. These cases all presented a short stature,
facial dysmorphism, microcephaly, and mental
retardation.

The 18q deletion syndrome is a heterogeneous
condition with highly variable phenotypes. Since
growth hormone insufficiency is mapped to the dele-
tion of 187g22.3—q23, growth hormone therapy may
be promising in individuals with 18q deletions, like
this case. Psychological surveys should be conducted,
and motor and cognitive stimulation may be helpful
in subjects with 18q deletions, considering that all
references suggest that this male infant has a very
high possibility of developing mental retardation
and developmental delay in the future. Moreover,
we suggest that women with 18g deletion should
receive genetic counseling regarding the possible
direct transmission of the defect to their children and
consider birth control and prenatal genetic studies
during their reproductive age.
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Abstract

Hypereosinophilia (HE) is defined as an absolute eosinophil count > 1.5 x 10%/L (or >1500 cells/uL) in the peripheral
blood. Hypereosinophilia may be caused by events like allergic reactions, parasitic infections, drug reactions,
paraneoplastic syndromes, and endocrine problems. In some cases, HE could be idiopathic and has limited clinical
significance or is just secondary to other tissue damage like hypereosinophilic syndrome. However, hematological
malignancies must be considered. We present a case with fever and hypereosinophilia that was eventually diagnosed as

chronic myelomonocytic leukemia.

Key words: eosinophil, hypereosinophilia, chronic myelomonocytic leukemia

Introduction

The normal peripheral eosinophil count varies
between 0.04-0.6 x 10°/L. Peripheral blood eosino-
philia can be classified as mild (0.5-1.5 x 10%/L), mod-
erate (1.5-5 x 10%/L), or severe (>5 x 10%/L) based
on at least two measurements with an interval of 21
month in between and/or histologically proven tissue
infiltration by eosinophils(ll.

Peripheral blood eosinophilia can be caused by
numerous allergic, infectious, and neoplastic disor-
ders, which require a variety of different treatments.
(2] The initial evaluation sought to identify disorders
that require specific treatments, such as parasitic
infection, drug hypersensitivity, leukemia, or non-
hematologic cancer. We present a case of HE with
no clear underlying causes that was eventually diag-
nosed based on careful history taking, head-to-toe
physical examination, laboratory studies, chest radi-
ography, and computed tomography.

*Correspondence to: Dr. Meng-Hsuan Tsai, Division of Emer-
gency Medicine, Tungs’ Taichung Metro-Harbor Hospital,
No.699, Sec. 8, Taiwan Blvd., Taichung City 435, Taiwan
(R.0.C.)

Case report

The patient was a 53-year-old male with a
history of diabetes mellitus, chronic anemia (myelo-
dysplastic syndrome in 2013), and intervertebral
disc herniation at L5-S1. He visited the emergency
department for intermittent fever that had per-
sisted for 1-2 years with general malaise, head-
ache, and arthralgia. The patient was a farmer who
worked in the Miaoli country hillside with soil contact
history, but he denied having ingested any raw food
or untreated water consumption. No skin rashes,
changes in bowel habits, or body weight loss were
observed. Physical examination showed no specific
findings except a palpable, enlarged spleen. Labora-
tory data indicated leukocytosis with a white blood
cell count of 18800/uL, eosinophil count of up to
53.1%, segment count of 32.5%, lymphocyte count
of 10.1%, monocyte count of 3.7%, basophil count
of 0.6%, hemoglobin of 9.5 g/dL, and platelet count
of 324 x 103/ulL. C-reactive protein and procalci-
tonin levels were 5.19 mg/dL and 1.1 ng/mL, respec-
tively. Markers of liver and renal function were at
normal limits. Kidney, ureter, and bladder X-ray study
revealed marked splenomegaly, a distinct contrast
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to the study conducted in 2014 (Fig. 1). Endoscopy
of the upper gastrointestinal tract and colon after
admission was negative for parasites and ova. Stool
routine analysis was also negative for parasites. The
febrile episodes decreased with naproxen use. Bone
marrow biopsy was performed, which showed refrac-
tory cytopenia with bilineage (myelocytic and mega-
karyocytic) dysplasia. This patient was eventually
diagnosed with chronic myelomonocytic leukemia.

Discussion

Hypereosinophilia (HE) is defined as an abso-
lute eosinophil count >1.5 x 109/L (or >1500 cells/uL)
in the peripheral blood on two examinations with a
1-month interval in between[2l. Hypereosinophilic
syndrome (HES) is defined by hypereosinophilia asso-
ciated with eosinophil-mediated organ damage and/
or dysfunctionl®l. The signs and symptoms of HES
result from the overproduction of eosinophils, which
infiltrate and damage various tissues!3l. HE may result
from clonal eosinophilic proliferation or from the
overproduction of eosinophilopoietic cytokines such
as interleukin 5 (IL-5)3]. Eosinophils are primarily
tissue-dwelling cells; they are several hundredfold
more abundant in tissues than in blood. The degree
of peripheral blood eosinophilia does not always
accurately predict the risk of organ damage!4l.

Eosinophilia is a dominant manifestation of a
hematopoietic myeloid neoplasm or a secondary/
reactive one of an underlying medical condition. [
However, the degree of eosinophilia is rarely helpful
in identifying the cause. The underlying disorders for
eosinophilia are best distinguished by the patient’s
history, clinical presentation, and specific laboratory
testing. [l The most common causes are related to
allergic disease, infectious disease, hematologic and
neoplastic disorders, and endocrine problems. (3. 5]
The workups of these patients include a complete
blood test, blood smear, liver function test, serum
chemistries, creatinine, and stool studies for ova and
parasites. Further evaluation may include a bone
marrow biopsy or bone scanl3l.

In our patient, a complete blood test confirmed
hypereosinophilia. Biochemistry data showed normal
liver and renal function. No signs of target organ
damage or involvement were indicated. Gastrointes-
tinal endoscopy eliminated the differential diagnosis
of parasitic infection. Therefore, the most likely cause
for hypereosinophilia may have been myeloprolif-
erative disorders. Bone marrow biopsy ultimately
confirmed a diagnosis of chronic myelomonocytic
leukemia, which may be due to underlying myelodys-
plastic syndrome.

Chronic myelomonocytic leukemia is charac-
terized by peripheral blood monocytosis and bone

Fig. 1 Kidney, ureter, and bladder X-ray study in 2020 (left) showed markable splenomegaly which compared with a
previous one in 2014 (right). Informed consent of the subject.



Meng-Hsuan Tsai / Tungs’ Medical Journal 15 (2021) The 50" Anniversary of TTMHH 67-70 69

marrow dysplasia and often accompanied by cyto-
penia and splenomegaly. In rare cases with 21500
eosinophils/mL, chronic myelomonocytic leukemia
must be distinguished from myeloid neoplasms
with eosinophilia associated with specific genetic
abnormalities. Myeloid and lymphoid causes of
eosinophilia include myeloproliferative neoplasms
with certain molecular abnormalities, including
those involving PDGFRA, PDGFRB, FGFR1, PCM1-
JAK2, and other rare gene rearrangements. Causes
of eosinophilia secondary to neoplasms may also
need differential diagnosis from T cell lymphomas
and leukemias, Hodgkin lymphoma, and systemic
mastocytosis®l.

The diagnosis of HE can always be obtained from
thorough history taking, astute physical examination,
laboratory tests, and, in particular, a high level of sus-
picion. This case emphasizes that malignancy should
be considered when an unusual manifestation of HE
is presented at an emergency room. An immediate
workup is crucial to ruling out possible causes and
thus to providing early and appropriate therapy, as
demonstrated in this case.
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Abstract

Brenner tumors are extremely rare epithelial ovarian neoplasms that are often asymptomatic and difficult
to diagnose during pregnancy. Only four cases have been reported in the literature. Here, we describe the case
of a 30-year-old pregnant woman with a large (26 x 20 x 8 cm3), left-side, ovarian, borderline stage la Brenner
tumor complicated with torsion during the first trimester. This patient successfully underwent unilateral salpingo-
oophorectomy during the first trimester, to eventually deliver a term male baby without any complications.

Key words: Brenner tumor, borderline ovarian tumor, torsion of ovarian tumor, early pregnancy

Introduction

Brenner tumors are a rare subtype of epithe-
lial ovarian neoplasm, accounting for only 2%—3%
of all ovarian tumors. The first Brenner tumor was
described in 1898 by MacNaughton-Jones!!, whereas
Fritz Brenner reported three cases in 1907 and
named the tumor “oophoroma folliculare.” Brenner
tumors usually occur unilaterally and are character-
ized by an epithelial lining composed of clusters of
transitional cells that resemble the urinary tract epi-
thelium. About 20% of these manifest as mixed epi-
thelial tumors with other ovarian cancers and mainly
feature a mucinous componentl?. However, most
Brenner tumors are benign, with only 5% becoming
malignant. Brenner tumors during pregnancy are
extremely rare, with only four cases reported in the
literature[3-61, Here, we present the case of a preg-
nant woman with a large left-side ovarian Brenner
tumor complicated with torsion found incidentally
during the first trimester.

*Correspondence to: Kim-Seng Law, MD. M Sc Department
of Obstetrics and Gynecology, Tungs’ Taichung Metroharbor
Hospital, No.699, Sec. 8, Taiwan Blvd., Wugi Dist.,Taichung
City 43503, Taiwan, (R.0.C.)

Clinical Case

A 30-year-old G1IPOAO woman with an unre-
markable medical history presented with a large
ovarian tumor found during routine antenatal ultra-
sound. A viable intrauterine fetus 6 weeks and 5 days
age of gestation (AOG) with positive fetal heartbeat
was also noted. The patient reported no abdominal
pain, constipation, diarrhea, dysuria, frequency, or
vaginal discharge. Physical examination found the
abdomen soft and slightly protuberant, with no ten-
derness over the uterus and bilateral adnexa. A prom-
inently palpable mass over the left pelvic area was
identified.

Abdominal ultrasound revealed a large ovarian
tumor (about 18.9 x 9.16 cm?) with internal excres-
cence and a thick cystic wall, as well as an anteverted
uterus. Pelvic magnetic resonance imaging (MRI)
without intravenous contrast showed a large multi-
loculated cystic lesion with a likely soft-tissue compo-
nent in the left adnexal region suspected as ovarian
epithelial tumor (Figure 1). Significant laboratory
findings were B-HCG at 6631.83 mlU/mL (normal
range, <10.0 mlU/mL) and CA-125 at 107.5 U/mL
(normal range, <35 U/mL). The patient was admitted
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for exploratory laparotomy based on the suspicion of
a large ovarian tumor and her ongoing pregnancy.

The patient was placed under general anes-
thesia. Upon opening the abdominal cavity, a large,
grayish, smooth-surfaced tumor was noted, arising
from the left ovary and measuring about 20 cm with
torsion (Figure 2). The right ovary had no significant
findings. The uterus was retroverted, boggy, and
slightly enlarged with intrauterine pregnancy. Straw-
colored ascites (about 50 cm3) over the cul-de-sac
were collected for cytology. Palpation found no
tumor implantation over the mesentery, omentum,
and upper diaphragm. Moreover, no enlarged retro-
peritoneal lymph nodes were noted. Left salpingo-
oophorectomy with dissection of left lymph nodes
was performed.

Frozen-section biopsy revealed a large muci-
nous borderline ovarian tumor, measuring 26 x 20 x 8
cm3 and weighing 2756 g, with the Fallopian tube (10
x 0.6 cm?) (Figure 3). The general appearance of the
tumor was smooth, brown-gray, well-encapsulated,
and multiloculated with mucinous yellow-brown fluid
contents. Histological analysis (Figure 4) was consis-
tent with the diagnosis of a borderline Brenner tumor

Fig. 1 MRI showing a huge ovarian tumor with multiloculated
and soft-tissue components.

(also known as an atypical proliferative Brenner
tumor). The tumor was composed of large crowded
nests of cells, resembling transitional-type epithelia
with abundant fibromatous stroma. Additionally,
metaplasia of the proliferative mucinous glands with
crowding was noted. Focal cellular atypia without
micro-invasion was observed. Immunohistochem-
istry results, which indicated CK7(+) and CK20(-), dif-
ferentiated the tumor from urothelial carcinoma.

The patient was discharged 3 days after opera-
tion and resumed regular antenatal visits at our out-
patient department. At 40 weeks and 1 day, she
presented with a bloody discharge and a ruptured
membrane, which prompted delivery. After admis-
sion, Group B Streptococcus infection was confirmed
and treated with ampicillin. Cesarean section (CS)
was performed due to a secondary arrest of labor,
and a 3200-g male baby was delivered with Apgar
scores of 8 and 9 at 1 and 5 minutes, respectively.

Fig. 2 A large, smooth, grayish tumor arising from the left
ovary measuring about 20 cm, with torsion.
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Discussion

The epithelial variant is the most common his-
tologic type of ovarian tumor with five known sub-
types: (1) serous, (2) mucinous, (3) endometrioid, (4)
clear cell, and (5) Brenner tumorsl”). Brenner tumors
are rare, accounting for only 2%—-3% of all ovarian
tumors, and are more likely to occur in postmeno-
pausal women (Table 1).

The patient’s age was similar to that of a preg-
nant woman with the largest Brenner tumor (age
range, between 30 and 35 years). The women in the
other reported cases except that of Gedikbasi et
al.[®l had one gravida, whereas most of the Brenner
tumors were detected before the third trimester.
Briggs and Katchy!¥ and Gedikbasi et al.l] found
Brenner tumors incidentally during CS.

Most pregnant women with adnexal tumors
are asymptomatic. The incidence of adnexal tumors
during pregnancy is about 1%—2%, approximately
1%—6% of which are malignant!8l. Ovarian cancer
is the second most frequent gynecologic cancer
complicating pregnancy. Common presentations of

Fig. 3 A large ovary tumor measuring 26 x 20 x 8 cm and
weighing 2756 g was resected.

ovarian cancer include abdominal or back pain, con-
stipation, abdominal swelling, and urinary symptoms.
Although, a palpable adnexal mass may be identi-
fied through routine antenatal physical examina-
tion, most adnexal masses < 5 cm are benign simple
cysts. Most adnexal cystic masses detected in the
first trimester may spontaneously resolve by the
early phase of the second trimesterl®). Those with
persistent adnexal masses = 5 c¢cm in diameter are
considered mature cystic teratomas!19. A review sug-
gested that adnexal masses 6—8 cm in diameter have
a higher rate of torsion (22%) than either smaller or
larger masses. This review also proposed that tumors
> 10 cm at initial diagnosis had a higher risk of malig-
nancy versus smaller sizesl!], The distinct finding in
the present case is that torsion does occur in huge
tumors, which was, additionally, not malignant.
Moreover, notably, the patient did not present any
symptoms of ovarian cancer.

An accurate diagnosis of an ovarian tumor
is difficult to make during pregnancy because

Fig. 4 Histological examination revealing large crowded nests
of cells resembling transitional-type epithelia, with abundant
fibromatous stroma.

Table 1. Review of the published reports for Brenner tumor in pregnancy

Report Age Parity Size of mass (cm) Symptoms/sign

Beckmann 33 G1P1001 Not stated Detected at 8 weeks AOG

Briggs and Katchy 35 G1PO 10 Incidentally found while CS at 37 weeks for pre-eclampsia/breech
Yang DM 30 G1PO 8x5 Detected at 15 weeks, resected at CS

Ali Gedikbasi 35 G3 P2 8x7x55 Incidentally found while CS at 35 weeks for pre-eclampsia
Current case 30 G1PO 26x20x 8 Detected at 6 weeks 5 days AOG

AOG - age of gestational; CS - Caesarean section



74 Yu-Hsuan Lin et al. / Tungs’ Medical Journal 15 (2021) The 50t Anniversary of TTMHH 71-76

pregnancy-associated symptoms may conceal any
clinical presentations of a stealthy tumor, regard-
less of size. An ultrasound can visualize measure-
ments and the nature of the tumors by analyzing
the echogenicity and scanning arteries with color
Doppler, thus providing information on tumor size,
structure, and growth. Therefore, we recommend a
prior ultrasound scan whether the therapeutic deci-
sion is surgery or palliative treatment. MRl is another
method of preoperatively determining the nature of
the mass, given its excellent resolution for soft-tissue
pathology in the absence of significant radiation
exposure.

Brenner tumors are composed of transitional
cells within dense stroma. They are related to other
ovarian tumors in 30% of cases and are visible as mul-
tilocular, hypoechoic cystic masses with solid com-
ponents. These tumors typically present as a small,
mostly solid mass on ultrasound with a dense fibrous
stroma on MRI. Extensive amorphous calcification is
often present within the solid component [22!. In our
case, the MRI showed a large, multiloculated cystic
lesion with soft-tissue components.

Although serum tumor markers may provide
crucial information regarding the nature of the
tumors, these markers may, paradoxically, increase
at some stages in life because of their involvement
in fetal development. Notably, CA-125, one of the
significant tumor markers in benign ovarian tumors,
may also increase in conditions such as epithelial
ovarian cancer!!3! and during the first trimester of
pregnancyl4. Controversially, Seki et al. reported
that although CA-125 levels were significantly lower
in women in the first trimester of pregnancy than in
patients with ovarian cancer, a considerable overlap
exists between them. Conversely, Amampai et al.[*5]
reported that only 9.1% of the studied patients
showed abnormal CA-125 levels in the first trimester,
with the median serum CA-125 level measured at
16.44 U/mL (range, 5.94-77.54 U/mL). The elevated
CA-125 level observed in our case is most likely due
to pregnancy than malignancy, so were the elevated
B-HCG levels.

Clinicians should prudently plan the scope of
the treatment, including consequent impacts on
maternal and fetal health such as possible morbidity.
Fertility preservation should also be considered,
especially with a viable fetus in situ.

The general consensus for surgical intervention
are the size of the tumor (>10 cm in diameter), tumor
growth observed during follow-up, and potential
malignant changes on radiologic imaging (including
solid, cystic, papillary and septal features(!¢l. Emer-
gent conditions such as torsion, ruptured adnexal
mass, or possible obstruction of labor are also indi-
cated for surgery, specifically, resection if with a large
tumor. Of the four cases of Brenner tumors in the lit-
erature, three were resected during CS. Two of them
(Briggs et al.l4l; Gedikbasi et al.lo]) were detected inci-
dentally during CS due to small sign, whereas Yang
found their Brenner tumor at 15 weeks AOG. Beck-
mann et al. discovered the tumor in their case at 8
weeks AOG and performed a hysterectomy with uni-
lateral oophorectomy due to uterine fibroids and an
adnexal mass.

Conclusion

Our case report verifies the difficulty of diag-
nosing ovarian tumors during pregnancy, specifi-
cally Brenner tumors. However, ultrasonography and
MRI can adequately provide visualization that can
aid diagnosis since Brenner tumors present distinc-
tive morphological features. Our case presented a
massive tumor with torsion but without any signs of
malignancy, which contradicts existing findings. Fur-
thermore, although most Brenner tumors have solid
components, this case featured soft-tissue compo-
nents within the lesions. These findings expand on
currently known characteristics of Brenner tumors
and emphasize the need for radiologic imaging for
better diagnostic accuracy, especially if found during
pregnancy.
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