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Abstract

Background: The objective of this study was to evaluate the
benefits of wound protectors (WPs) in preventing incisional
surgical site infection (I-SSI) in open elective digestive surgery using
data from a large-scale, multiinstitutional cohort study.

Methods: Patients who had elective digestive surgery for malignant
neoplasms between November 2009 and February 2011 were
included. The protective value of WPs against I-SSI was evaluated.

Results: A total of 3201 patients were analyzed. A WP was used
in 1022 patients (32%). The incident rate of I-SSI(not including
organ/space SSI) was 9%. In the univariate and the multivariate
analyses for perioperative risk factors for I-SSI, the use of WP was
an independent favorable factor that reduced the incidence of I-SSI
(odds ratio 0.73, 95% confidence interval 0.55-0.98. P = 0.038).
The subgroup forest plot analyses revealed that WP reduced
the risk of I-SSI only in patients aged 74 years or younger, males,
non-obese patients (body mass index <25 kg/m?), patients with
an American Society of Anesthesiologists score of 1/2, patients
with a previous history of laparotomy, nonsmokers, and patients
who underwent colon and rectum operations. In patients who
underwent colorectal surgery, the postoperative hospital stay
was significantly shorter in patients with WP than those without
WP (median 13 vs. 15 days, P = 0.040). In terms of the depth of
SSI, WP only prevented superficial I-SSI and did not reduce the
incidence of deep I-SSI.

Conclusions: WP is a useful device for preventing superficial I-SSI in
open elective digestive surgery.

Trial registration number: UMINOO0004723.

Abbreviations

ASA American Society of Anesthesiologists

BMI Body mass index

CcT Computed tomography

cl Confidence interval

DI-SSI - Deep incisional surgical site infection

HBP Hepato-biliary-pancreatic

|-SSI Incisional surgical site infection

OR QOdds ratio

OS-SSI Organ/space surgical site infection

SI-SSI Superficial incisional surgical site infection

WP Wound protector

Introduction

An incisional surgical site infection (I-SSI) is one of the common
postoperative morbidities after digestive surgery [1-3]. The
incidence of I-SSI increases not only the cost of treatment but
also the risk of incisional hernia as a long-term complication [4].
Previous studies have reported numerous independent risk factors
for I-SSI. The improvement in intraoperative wound management
is one of the most important methods for reducing I-SSI [1-3,
5-7]. Intraoperative wound management has been reported to
have an impact on the incidence of I-SSI and includes the use of
antibiotic prophylaxis [1, 2, 5], skin preparation [1, 2, 5, 8], skin
drape [9]. operative double gloving [2, 10-12], body temperature

[2, 13], wound length [7], subcutaneous lavage before closure
[14-16], subcutaneous drainage [17-19], methods of skin suture
(subcuticular absorbable suture) [5, 17, 20, 21], and skin wound
dressing [22].

Generally, I-SSI is associated with a number of local bacteria [23,
24]. In an experimental mouse model, 10° bacteria in 1 g of tissue
is sufficient to induce I-SSI [23]. To reduce the incidence of I-SSI, it
is necessary to prevent surgical wound exposure to bacteria. In this
regard, the use of a wound protector (WP) during the operation is
thought to protect against exposure to bacteria, especially enteric
bacteria, on the wound edge while performing gastrointestinal
surgery [24, 25]. In fact, the latest guidelines recommend the use of
a WP as for the prevention of I-SSI (evidence level I) [2].

Although several randomized control trials [26-31] and meta-
analyses [32-36] have reported that WP reduced the incidence
of I-SSI, these trials had a small number of patients (n = 64-729),
and there is no prospective, large-scale (more than 1000 patients)
study of the clinical value of WPs. In this study, the data from
a prospective and large-scale multi-institutional cohort study
(including more than 3000 patients) were used to evaluate the
clinical value of WPs for I-SSI in open elective digestive surgeries
for malignant neoplasms.

Methods

Patients:

This study analyzed the data from a subset of patients enrolled in a
prospective observational study for incisional hernia and incisional
surgical site infections [4, 7]. The main protocol was approved
by the institutional review boards of Nagoya University Graduate
School of Medicine and the participating hospitals, and the
study design was registered with the Infrastructure for Academic
Activities with the University Hospital Medical Information Network
Identifier (UMINO00004723, http://www.umin.ac.jp/ctr/index/
htm). Informed consent was obtained from each patient before
enrollment in the study.

In this cohort, patients who underwent open abdominal surgery
between November 2009 and February 2011 at Nagoya University
Hospital and the 19 affiliated hospitals were enrolled. The eligibility
criteria for this study were as follows: (1) 20 years or older; (2)
open (not laparoscopic) intraabdominal digestive organ (the
stomach, colorectal, liver, gallbladder, bile duct, and pancreas)
resections for malignant tumors; (3) no incision other than in the
abdomen or perineum; and (4) no artificial implantation. Patients
who underwent laparoscopic or laparoscopy-assisted surgeries
were excluded. Patients without tumor resection (e.g., bypasses
of the digestive tract and exploratory laparotomies) were also
excluded.

Monitored perioperative factors:

Clinical data, including preoperative, intraoperative, and
postoperative factors, were prospectively recorded by the
surgeons who were in charge of data collection at each
hospital. Prospectively monitored preoperative clinical data
included age, gender, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, previous medical
history (laparotomy and chemotherapy), smoking status, and
subcutaneous fat thickness. Subcutaneous fat thickness was
preoperatively measured with computed tomography (CT) at the
thickest incisional location.

Prospectively monitored intraoperative factors included operative
procedure (stomach, colon and rectum, or hepato-biliary-pancreatic
surgeries), operative time, blood loss, wound length, intraoperative
allogeneic blood transfusion, type of incision (midline/pararectal/
transverse/inverted L/Mercedes), the use of a WP, subcutaneous
lavage, the type of skin closure, and skin wound dressing.

The protection method of the wound edge was freely chosen
according to the policy of each institution or surgeon. In this study,
only patients with plastic WPs were included in the WP group.
Other patients who were operated on with cloth towel wound
coverage or no coverage were included in the no-WP group. The
plastic WP was either the dual ring WP (Alexis™ wound, Applied
Medical Resources Corporation) or the single ring WP (Steri-
Drape™ Wound Edge Protector, 3 M Health Care).

The endpoint of this study was to evaluate the clinical value of WPs
in preventing the incidence of I-SSI (not including organ/space SSI,
OS-SSI). Only the condition of the abdominal wound was used for
the data analysis. The Centers for Disease Control and Prevention
definitions of SSI were employed when monitoring the incidence
of I-SSI [11. I-SSI included both superficial incisional surgical site
infection (SI-SSI) and deep incisional surgical site infection (DI-
SSI). SI-SSI was diagnosed when the incidence occurred within 30
days after the operation and involved the skin and subcutaneous
tissue with one of the following conditions: (1) purulent discharge;
(2) organisms isolated from an aseptically obtained culture of



fluid or tissue; (3) signs or symptoms of infection, including pain/
tenderness, localized swelling, redness/heat, and an open wound;
or (4) diagnosis of SI-DDI by a surgeon or attending physician [1].
DI-SSI was diagnosed when the infected wound involved fascial
and muscle layers but not the organ space [1].

Data collection and follow-up:

After surgery, patients were monitored daily during their hospital
stay, and all perioperative data were prospectively recorded in a
database. After discharge, patients were followed up for at least
30 days in an outpatient clinic.

Statistical analysis:

In the univariate analysis, differences among categorical variables
were analyzed using the Chi-square test. The logistic regression
model (stepwise forward) was used to calculate the odds ratio (OR)
with 95% confidence intervals (Cls). In the multivariate analysis, all
possible risk factors were evaluated for the analysis. A subgroup
analysis for the incidence of I-SSI was calculated with Fisher’s
exact test. P values of less than 0.050 were considered statically
significant. The data analysis was performed using IBM SPSS
statistical software (version 21; SPSS Japan Inc.).

Results

Clinical characteristics of the study patients:

Between November 2009 and February 2011, a total of
4305 consecutive patients were enrolled in the main study: a
prospective monitoring program for the incidence of incisional
hernia in abdominal surgery [4]. Among them, 3201 patients
fulfilled the eligibility criteria of this study (Table 1). The median
follow-up period was 461 days (range 2-1105), and a total of
3113 patients (97%) were followed up for 30 or more days.
The follow-up period was less than 30 days in 88 patients (3%)

Table 1 Clinical characteristics of the patients (n = 3201)
Factors N (%) or median
[interquartile range]

Preoperative factors

Age (years old) 69 [62-76]
Gender
Male 2101 (66%)
Female 1100 (34%)

Body mass index (kg/m?)
American Society of Anesthesiologists score

21.91[19.7-24.2]

1 1319 (41%)
2 1742 (54%)
3 137 (4%)

4 13 (1%)

Previous history of laparotomy 753 (24%)

Preoperative chemotherapy 208 (6%)
Smoking within 1 month 753 (24%)
Subcutaneous fat thickness by CT (cm) 1.7 [1.2-2.3]

Operative factors

Operative procedure
Stomach
Colon and rectum
Hepato-biliary-pancreatic

Operative time (min)

Blood loss (ml)

Wound length (cm)

Intraoperative allogeneic blood transfusion

Type of incision

993 (31%)
1439 (45%)
769 (24%)

199 [145-281]
290 [120-663]
19 [15-23]
367 (9%)

Midline 2605 (81%)
Pararectal 144 (5%)
Transverse 48 (1%)
Inverted L 330 (11%)
Mercedes 74 (2%)

Wound protector

Subcutaneous lavage

Type of skin closure
Interrupted transdermal suture
Subcuticular suture

Skin wound dressing

Postoperative complications
All complications
Surgical site infections

1022 (32%)
2331 (73%)

1346 (42%)
1855 (58%)
1447 (45%)

977 (31%)
644 (21%)

Incisional surgical site infection 280 (9%)
Superficial incisional surgical site infection 229 (7%)
Deep incisional surgical site infection 51 (1%)

Organ/space surgical site infection 410 (13%)

Remote infection 202 (6%)
In-hospital death 21 (1%)
Postoperative hospital stay (day) 14 [2-255]

Aiseikai Healthcare Corporation

Table 2 Univariate analyses of perioperative risk factors for I-SSI
(n =3201)

Factors N No. of I-SSI P value
(%)
Preoperative factors
Age (years old) 0.312
=74 2223 187 (8)
=75 978 93 (9)
Gender 0.870
Male 2101 185 (8)
Female 1100 95 (8)
Body mass index (kg/m?) 0.040
<25.0 2594 218 (8)
=25.0 607 62 (10)
ASA score 0.018
1/2 3061 260 (9)
3/4 140 20 (14)
Previous history of laparotomy 0.002
Absent 2448 193 (8)
Present 753 87 (12)
Preoperative chemotherapy 0.578
Absent 2993 264 (9)
Present 208 16 (8)
Smoking (within 1 month) 0.502
Absent 2963 262 (9)
Present 238 18 (8)
Subcutaneous fat thickness by CT(cm) 0.034
<3.0 2998 254 (9)
=30 203 26 (13)
Operative factors
Operative procedure <0.001
Stomach 993 28 (3)
Colon and rectum 1439 174 (12)
Hepato-biliary-pancreatic; 769 78 (10)
Operative time (h) 0.002
<4.0 2089 160 (8)
=4.0 1112 120 (11)
Blood loss (ml) 0.005
<500 2136 166 (8)
=500 1065 114 (11)
Wound length (cm) <0.001
<20.0 2099 142 (7)
=20.0 1102 138 (13)
Intraoperative allogeneic blood transfusion 0.160
Absent 2834 241 (9)
Present 367 39011
Type of incision 0.200
Midline 2605 220 (8)
Non-midline 596 60 (10)
Table 2 continued
Factors N No. of I-SSI P value
(%)
Wound protector 0.028
No use 2179 207 (10)
Use 1022 73(7)
Subcutaneous lavage 0.311
Absent 870 69 (8)
Present 2331 211 (9)
Type of skin closure 0.381
Interrupted transdermal sutures 1346 128 (10)
Subcuticular sutures 1855 152 (8)
Skin wound dressing 0.562
Absent 1754 158 (9)
Present 1447 122 (8)
Hospital size 0.004
High-volume center 1563 114 (7)
Non-high-volume center 1638 166(10)

ASA score American Society of Anesthesiologists score, C/ confidence
interval, /-SS/ incisional surgical site infection, OR odds ratio

because of the loss of revisits in the outpatient department (n =
42), reoperation (n = 38), and postoperative death (n = 8).

A WP was used in 1022 patients (32%). For the remaining 2179
patients, a cloth towel was used (n = 1868) or the wound was
exposed to the air without the use of any wound coverage (n =
311). I-SSI occurred in 280 patients (9%), including 229 patients
(8%) with SI-SSI and 51 patients (1%) with DI-SSI.

Among 280 patients with I-SSI, the microbiological culture from
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Table 3 Multivariate analyses of perioperative risk factors for I-SSI
(n=3201)

Factors OR (95% Cl) P value
Operative procedure <0.001
Colon and rectum 4.72 (3.13-7.13) <0.001
Hepato-biliary-pancreatic 2.41 (1.49-3.90) <0.001
Wound length (cm) = 20.0 cm 1.86 (1.39-2.47) <0.001
ASA score 3 + 4 1.68 (1.01-2.80) 0.045
Operative time = 4.0 h 1.54 (1.15-2.05) 0.003
Previous history of laparotomy 1.46 (1.10-1.95) 0.009
Wound protector use 0.73 (0.55-0.98) 0.038

High-volume center 0.67 (0.52-0.87) 0.003

ASA score American Society of Anesthesiologists score, C/ confidence
interval, /-SS/ incisional surgical site infection, OR odds ratio

infectious site was performed in 131 patients (47%) including
43 with WP and 88 without WP. The skinderived bacteria were
detected in 44 patients (13 with WP and 31 without WP). The gut-
derived bacteria were detected in 85 patients (34 with WP and 51
without WP).

Among the possible risk factors (including 8 preoperative,10
operative factors, and 1 hospital size), a total of 10 factors were
significantly associated with I-SSI in the univariate analysis (Table
2). Those factors included 4 preoperative factors (high BMI, high
ASA, a previous history of laparotomy, and thick subcutaneous fat
by CT). 5 operative factors (colon and rectum or hepato-biliary-
pancreatic surgery, a long operative time, great blood loss, a long
wound length, and no use of WP), and hospital volume. All possible
risk factors were included in the multivariate analysis using the logistic
regression model (stepwise forward). Consequently, 7 factors were
identified as being independent risk factors for I-SSI (Table 3). These

factors included the operative procedure (colon and rectum, OR 4.72
and hepato-biliary-pancreatic, OR 2.41), a wound length 20 cm or longer
(OR 1.86), an ASA 3/4 (OR 1.68), an operative time of 4.0 h or longer
(OR 1.54), a previous history of laparotomy (OR 1.46), WP use (OR 0.73),
and high-volume center (OR 0.67).

The subgroup forest plot analyses revealed a significant risk
reduction in I-SSI when using WP in patients 74 years or younger,
males, non-obese patients (BMI less than 25 kg/m?), patients with
an ASA of 1/2, patients with a previous history of laparotomy, non-
smokers (within 1 month), patients who underwent an operation
of the colon and rectum, and patients without OS-SSI (Fig. 1).

Although the use of a WP did not have an impact on the incidence
of DI-SSI, it tended to reduce the incidence of SI-SSI (Table 4). In
particular, the incidence of SI-SSI was significantly lower when
WP was used in colon and rectum surgeries. The postoperative
hospital stay was also significantly shorter when WP was used in
colon and rectum surgeries.

This study focused on the clinical value of WP use in preventing
the incidence of I-SSI in open digestive surgery, including gastric,
colorectal, and hepato-biliary-pancreatic surgeries. The incidence
of I-SSI'was 9% in all patients (8% for SI-SSI and 1% for DI-SSI). The
use of a WP independently decreased the incidence of I-SSI in all
digestive surgery. Subgroup analyses indicated that the use of a WP
significantly reduced the incidence of SI-SSI in colorectal surgery.

Although the latest meta-analysis [32-36] reported that WP was
useful in preventing I-SSI events, no prospective large-scale (more
than 1000 patients) study had investigated the clinical value of
WPs. The number of patients included in this study was equal to
or more than the sample size of recently published meta-analyses
(n = 939-3695) [32-36]. Moreover, in this cohort, almost all

Factor N Odds ratio (35% CI}  P-value
Age 1

<74 years old 2223 —_—— 0.64 (0.45-091)y 0013

=75 years old 978 —_—— 0.94 (0.59-1.49)  0.79
Gender H

Male 2101 —— 0.65(0.45-0.92y  0.017

Female 1100 —_—— 0.90 (0.87-1.43 .67
BMI H

<25 kg/m? 2594 —_—— 0.70 (0.51-0.96} 631

25 kgim® 607 —_— 0.84(0.47-1.52y  0.58
ASA !

-2 3061 —_— 0.68(0.51-091)y  0.01]

3-4 140 3 < 1.41(0.54-3.67) 047
Previous history of laparotomy H

Absent 2448 —_— 0.89(0.64-1.22)  0.47

Present 753 —_— 0.43(0.24-0.79)  0.006
Preoperative chemotherapy H

Absent 2993 ot 0.75(0.57-1.01y 0055

Present 208 i 021(0.02-1.64y 021
Smoking (within one month) H

Absent 2963 —_— 0.70(0.53-0.94) 0019

Present 238 — 116 (0.42-3.24) .76
Operative time H

< 4.0 hours 2089 — 0.74(0.51-1.07) 0.1

> 4.0 hours 112 —_— 0.71 (0.46-1.09y  0.12
Blood loss H

<500 ml 2136 —— 0.75(0.53-1.07y 0.1

=500 ml 1065 B m— 0.74 (0.46-1.19y  0.21
Operative procedure )

Stomach 993 i < 1.36(0.63-285y 042

Colon and rectum 1439 —_—— 0,65 (0.46-0.92}  0.016

HPB 769 — 0.64(0.34-1.19) 016
Wound length H

<20.0 em 2099 —_— 0.79(0.55-1.14y  0.22

>20.0 cin 1102 — 0.85(0.54-1.33y 048
Wound shape H

Midline 2605 —_— 0.78 (0.57-1.06) Q.11

Non-midline 596 —_—— 0.57(0.30-1.08y  0.086
Type of skin closure H

[nterrupted transdermal sutures 1346 B S—— 0.69(0.41-1.14y  0.15

Subcuticular sutures 1855 —_— 0.78 {0.55-1.10} 016
Organ / space SSI H

Absent 2791 —_—— 0.70 (0.51-6.97)  0.035
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Fig. 1 A forest plot of the subgroup analyses for the use of a wound protector in preventing incisional surgical site infection (I-SSlI). ASA
American Society of Anesthesiologists, BMI body mass index, C/ confidence interval, HBP hepato-biliary-pancreatic




Aiseikai Healthcare Corporation

Table 4 Relationship between the use of a wound protector and the depth of incisional surgical site infection/length of postoperative hospital stay

All patients Colon and rectum
\Wound protector,n P value Wound protector,n P value
No use, 2179 Use, 1022 No use, 915 Use, 524
I-SSI
Absent 1972 (91%) 949 (93%) 0.059 800 (86%) 475 (91%) 0.040
SI-SSl 172 (8%) 57 (6%) 106 (12%) 39 (7%)
DI-SSI 35 (1%) 16 (1%) 19 (2%) 10 (2%)
Postoperative hospital stay (days) 15 (2-255) 15 (6-182) 0.23 15 (2-255) 13 (6-135) <0.001

DI-SSI deep incisional surgical site infection, S/-SS/ superficial incisional surgical site infection

patients (97%) were followed up for more than 30 days, and I-SSI
after discharge was also evaluated at the outpatient clinic. This
cohort was useful in evaluating the clinical impact of WP use in
abdominal surgery.

The use of a WP protects the incisional site from bacteria [24,
25]. The bacteria that may contaminate the surgical wound are
classified into two categories: skin bacteria (e.g.. Staphylococcus
aureus) and enteric bacteria (e.g., Escherichia coli). A previous
study (about bacterial colonization on the surface of WP in
open gastrointestinal surgery) reported that the frequency of
positive bacterial cultures was significantly lower on the outside
surface of the WP (incisional skin site) than that on the inside
surface of the WP (abdominal cavity) [25]. The same study also
demonstrated that the use of a WP significantly reduced wound
exposure to enteric bacteria (not skin-derived bacteria), especially
in colorectal surgery [25]. The subgroup analyses of this study and
other studies [29-31] also demonstrated that the use of a WP
decreased |-SSI, especially SI-SSI, in open colorectal surgery. The
microbiological culture of this study detected the bacteria derived
from both skin and gut. The gut-derived bacteria were detected
approximately 80% (24 out of 43) in the patients who developed
I-SSI in the WP group. These results indicated that the WP usage
was not adequate to avoid the bacterial contamination from the
gut and that the other intraoperative procedures and techniques
are necessary to further prevent |-SSI.

In this study, only patients for whom plastic WP was used during
the operation were included in the WP group. Patients who had
a cloth towel used for wound coverage were included in the no-
WP group. Although there was no significant difference in the
incidence of I-SSI between the patients with no wound coverage
(10%) and those with cloth towel coverage (9%), the patients with
plastic WP had a significantly lower incident rate of I-SSI (7%) than
the other two groups. These results correspond with the
observation in a previous randomized controlled study comparing
the group with intraoperative wound coverage with WP and that
with a surgical towel [31]. It is speculated that the contaminated
exudates during surgery may infiltrate the cloth towel and reach
the wound edge, thus leading to the higher incidence of I-SSI.
Therefore, the use of a cloth towel is not recommended for
covering the wound edge [31].

Almost all previous studies on the incidence of SSI did not
differentiate the depth of the SSI (i.e., SI-SSI and DI-SSI). Only this
study and the latest meta-analysis demonstrated that the use of
WP reduced the incidence of SI-SSI rather than that of DI-SSI [36].
The results in this study imply that the use of WP is not effective
in preventing the incidence of deep layer wound infection. Further
investigations are necessary to identify wound management
methods to prevent the incidence of DI-SSI.

The use of a WP reduced not only the incidence of I-SSI but also
the length of the postoperative hospital stay in colorectal surgery
patients. The prevention of the incidence of I-SSI may also reduce
the cost for wound management such as drainage, bacterial
culture, antibiotics use, and others. In our institution, the average
length of hospital stay after colorectal surgery is approximately 15
days, and the average daily cost for a hospital stay, excluding the
surgery- related costs, is approximately $360. The average hospital
stay was 2 days shorter in patients with WP use compared
to those without WP use. The cost of a WP is approximately
$80. Therefore, the use of WP may have the potential to save
approximately $640 (=360 X 2 - 80) of medical costs per patient.
The subgroup analyses demonstrated that WP had a favorable
effect in preventing I-SSI in the groups of younger age 74 years or
less, no obesity (BMI less than 25 kg/m?), with an ASA 1/2, absent
of previous history of laparotomy, and who were non-smokers
(within 1 month). Those groups were thought to be of low risk of
I-SSI. In high risk groups for I-SSI (e.g., older age, obesity, and an
ASA of 3/4), the use of a WP may not be sufficient for preventing
the incidence of I-SSI. In terms of type of SSI, although the WP
usage reduced the incidence rate of I-SSI among the patients
without concomitant OS-SSI, it did not reduce the incidence of

I-SSI'in patients with OS-SSI. It is speculated that the effect of WP
is modest, and an additional preventive treatment is required to
reduce the incidence of I-SSI in patients with concomitant OS-SSI.
Other independent risk factors for 1-SSI identified by the
multivariate analysis included a high ASA score, a previous history
of laparotomy, operative procedures (colorectal and hepato-
biliary-pancreatic surgery), operative time, and the wound length.
However, these factors are generally unchangeable because they
are determined by the patients’ condition, including their disease
status. The use of WP is the only factor that can be managed by
the surgeon’s ingenuity.
There are several limitations in this study. The primary endpoint of
the original study was the rate of incisional hernia after abdominal
surgery [4], and this study was thought to be a secondary post hoc
analysis. Nevertheless, the number of registered patients in this
study is equal to the number in the latest meta-analyses [33, 34,
36]; thus, the results are meaningful. Another limitation is that this
study was not a randomized controlled trial and that the use of
WP was depending on institutional policy or surgeon’s preference.
Therefore, we performed a sensitivity analysis in addition to the
main analysis to offset the limitation of variable WP usage rate
among institutions. Consequently, it was evident that the use of
WP was valuable in reducing the incidence of I-SSI.
Conclusion
The WP is a useful device for preventing I-SSI in open elective
digestive surgery.
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Abstract

Background: The aim of this study was to evaluate the
impact of the location of esophagogastrostomy on acid
and duodenogastroesophageal reflux (DGER) in patients
undergoing gastric tube reconstruction and intrathoracic
esophagogastrostomy.

Methods: Thirty patients receiving transthoracic esophagectomy
without cervical lymph node dissection and gastric tube
reconstruction by intrathoracic anastomosis were enrolled.
All patients underwent 24-h pH and bilirubin monitoring and
gastrointestinal endoscopy one year after surgery. Patients were
divided into three groups according to esophagogastrostomy
location: group A (n = 9), above the top of the aortic arch; group
B (n = 15), between the top and bottom of the aortic arch; and
group C (n = 6), below the bottom of the aortic arch. The relations
among the esophagogastrostomy location, 24-h pH and bilirubin
monitoring results, endoscopic findings, and reflux symptoms were
investigated.

Results: No acid reflux into the remnant esophagus was observed
in group A, whereas it was observed in three of 15 patients (20%)
in group B and in two of six patients (33%) in group C (P = 0.139).



No DGER was found in group A, whereas DGER was observed
in eight (53%) patients in group B and all patients in group C
(P<0.001). Reflux esophagitis was observed in one patient (11%)
in group A, five patients (33%) in group B, and all patients in group
C (P=10.002).

Conclusion: In gastric tube reconstruction via intrathoracic
anastomosis, esophagogastrostomy should be performed above
the top of the aortic arch to prevent postoperative DGER and
reduce the incidence of reflux esophagitis.

Introduction

Postoperative reflux esophagitis can greatly decrease patient
quality of life. In addition, this condition is the main risk factor
related to esophageal adenocarcinoma in the remnant esophagus
[1]. After esophagectomy and gastric tube reconstruction, there
is no structure preventing gastric acid reflux into the remnant
esophagus or duodenogastroesophageal reflux (DGER) due
to the resection of the esophagogastric junction. Therefore,
a higher incidence of reflux esophagitis after esophagectomy
and gastric tube reconstruction, compared with that in the
general population, has been reported [2, 3]. Transthoracic
esophagectomy with gastric tube reconstruction and intrathoracic
esophagogastrostomy has been performed for esophageal
cancer throughout the world, and there is a common theory that
intrathoracic esophagogastrostomy should be performed at the
high position. However, only a few reports support this theory on
the basis of endoscopic findings [4, 5]. Furthermore, there are no
detailed studies comparing the location of esophagogastrostomy
and the extent of acid reflux and DGER in patients who underwent
intrathoracic esophagogastrostomy.

The aim of this study was to evaluate the impact of the location
of esophagogastrostomy on acid reflux and DGER in patients
undergoing gastric tube reconstruction and intrathoracic
esophagogastrostomy.

Materials and methods

Patients: One hundred and forty patients underwent transthoracic
esophagectomy for esophageal cancer in our department
between January 1997 and December 2011. Of them, 66
patients received gastric tube reconstruction and intrathoracic
esophagogastrostomy. Twenty-six patients with cervical lymph
node dissection were excluded from this study because cervical
lymph node dissection causes skin flap adhesions or anterior
cervical muscle scarring, which prevent the elevation of the larynx
in swallowing, thereby impairing swallowing function [6]. Ten
patients who refused simultaneous pH and bilirubin monitoring
were also excluded. Thus, the remaining 30 patients were
subjected to analysis, which included 22 men and 8 women with
a median age of 67.5 years (range 52-79 years). The patients
were evaluated using simultaneous pH and bilirubin monitoring,
endoscopy, and reflux symptoms.

Surgical procedure: The abdomen was explored through an upper
midline incision. After perigastric and celiac lymph node dissection,
the gastric tube was constructed using a linear cutting stapler
(Proximate Linear Cutter 75, Ethicon Endo-Surgery, Cincinnati, OH,
USA). The stapler was fired as many times as needed to divide the
stomach from the lesser curvature at the anastomosis between
the right and left gastric arteries along the greater curvature axis,
creating an approximately 4-cm-wide tube. Digital dilatation of
the pyloric ring was performed for all patients. Esophagectomy
with mediastinal lymph node dissection was performed via a right
(n = 28) or left (n = 2) transthoracic approach. The gastric tube
was placed in the posterior mediastinum, and an intrathoracic
esophagogastrostomy was performed on the anterior wall of
the gastric tube using a circular stapler (CEEA 25, Medtronic,
Minneapolis, MN, USA).

Symptoms: Reflux symptoms, such as pharyngeal regurgitation,
cervical heartburn or pain, and thoracic discomfort-associated
sleep disturbance or nocturnal cough, were assessed as follows:
absent, mild (can be ignored or cannot be ignored but does not
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affect lifestyle), and severe (affects lifestyle, including the inability
to lie flat, contributing to sleep deprivation after the administration
of antacids).

Endoscopy: Preoperative endoscopy was used in all patients to
confirm that the squamous epithelium in the cervical esophagus
was normal and that Barrett’s epithelium was absent. Postoperative
endoscopy was performed less than 1 month before or after
the pH and bilirubin monitoring to observe mucosal changes in
all patients. Reflux esophagitis was graded according to the Los
Angeles Classification System. Barrett’s esophagus was classified
into two groups: long-segment Barrett’s esophagus (LSBE) which
the presence of circular Barrett’'s mucosa extending longitudinally
for 3 cm or more is called and short-segment Barrett's esophagus
(SSBE) which the presence of circular Barrett’s esophagus less than
3 c¢m in length or non-circular Barrett’s mucosa is designated [7].
Simultaneous 24-h pH and bilirubin monitoring: Simultaneous
monitoring of the esophageal pH and bilirubin levels was
performed for 24 h. After an antimony catheter with pH sensors
(Medtronic, Skovlunde, Denmark) was passed nasally, the proximal
sensor was positioned at 2 cm above the esophagogastrostomy
site. The distal pH sensor was positioned at 10 cm below the
proximal sensor, thus being placed in the gastric tube. The pH
information was recorded on a portable digital data recorder
(Digitrapper Mark Ill, Medtronic). Esophageal bilirubin levels were
monitored with a fiber optic sensor (Bilitec 2000, Medtronic),
which was positioned at the same position as the proximal
pH sensor. Data were recorded on a portable optoelectronic
recorder. The pH and bilirubin data were subsequently transferred
to a personal computer for analysis with EsopHagram Reflux
Analysis software (Medtronic). An esophageal pH below 4.0 was
defined as indicating acid reflux, while an alkaline shift was defined
as an esophageal pH above 7.0. The presence of acid reflux was
defined as an esophageal pH below 4.0 for more than 4.4% of
the total monitoring time [8]. A bilirubin absorbance exceeding
0.14 indicated bile reflux. The presence of DGER was defined as
a bilirubin absorbance exceeding 0.14 for more than 1.8% of the
total monitoring time [9, 10]. Patients were instructed to follow a
special low-residue liquid diet (500 ml of Ensure Liquid; Dinabot,
Tokyo, Japan) three times daily at their usual mealtimes during the
monitoring period. Only water was allowed in addition. Although
some patients complained of nasal or pharyngeal discomfort, all of
the study patients tolerated the monitoring. Although ten patients
took antacid medications for gastroesophageal reflux disease
before this examination, all drugs that could potentially affect
gastrointestinal motility and secretion were discontinued at least
one week prior to the pH and bilirubin monitoring.

Identification of the esophagogastrostomy location: The
esophagogastrostomy location was identified by tracing the
remnant circular staple on a computed tomography (CT) image.
The 30 patients were classified into three groups according the
esophagogastrostomy location: group A, above the top of the
aortic arch (n = 9); group B, between the top and bottom of the
aortic arch (n = 15); and group C, below the bottom of the aortic
arch, (n = 6) (Fig. 1). The distances from the top of aortic arch to
the esophagogastrostomy location were also measured on the CT
image.

Statistical analyses: The results are expressed as the median
(range). Fisher’s exact test and the Mann-Whitney U test were
used for the analyses as appropriate to assess differences between
two groups. Fisher’s exact test and the Kruskal-Wallis test were
used for comparing three groups. All statistical analyses were
performed using SPSS software version 21.0 J. Two-sided P values
were calculated and presented. A P value of <0.05 indicated
statistical significance.

Results

Patient characteristics: The patient characteristics according
to esophagogastrostomy location are summarized in Table 1.
Age, gender, and clinical stage were not significantly different

Table 1 Patient characteristics according to esophagogastrostomy location
Variables Esophagogastrostomy location P
An=9) B(n=15) Cln=26)

Age (years) 70 (55-73) 60 (52-72) 66 (58-79) 0.095
Gender (male/female) 7/2 9/6 6/0 0.199
Thoracotomy (right/left) 9/0 15/0 4/2 0.034
Location of tumor

Ut/Mt/Lt/Ae 1/5/3/0 0/7/8/0 0/0/1/5 <0.001
Clinical stage (UICC 7th)

I/0/0 5/0/4 6/6/3 3/1/2 0.230
Antacid medications before examination, n (%) 101 5(33) 4 (66) 0.102
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Fig. 1 Schema of the grouping method depending on the
esophagogastrostomy location. Group A: above the top of aortic arch.
Group B: between the top and bottom of aortic arch. Group C: below
the bottom of aortic arch

Table 2 Relation between the esophagogastrostomy location and
reflux to the remnant esophagus

Variables Esophagogastrostomy location P
An=9) B(n=15) C(n=6)

Acid reflux 0 3 (20%) 2 (33%) 0.139

DGER* 0 8 (53%) 6 (100%) <0.001

* DGER Duodenogastroesophageal reflux

Table 3 Relation between the esophagogastrostomy location,
endoscopic findings, and reflux symptoms

Variables Esophagogastrostomy location P
An=9) B(n=15) C(h=6)
Reflux esophagitis
Present 1(11%) 5 (33%) 6 (100%) 0.002
Mild (A or B) 0 3 (20%) 3 (50%)
Severe (C or D) 1 (11%) 2 (13%) 3 (50%)
Barrett's esophagus 0 4 (27%) 0 0.159
Stenosis 3 (33%) 2 (13%) 1(17%) 0.511
Reflux symptoms
Present 4 (44%) 9 (60%) 5 (83%) 0.437
Mild 4 (44%) 8 (53%) 4 (66%)
Severe 0 1 (7%) 1(17%)

among the three groups. The thoracotomy approach (right or
left) was significantly different; specifically two patients in group C
underwent left thoracotomy. The tumor location was significantly
different among three groups, and patients with tumors located
in the abdominal esophagus were found only in group C. The
esophagogastrostomy location became lower as the tumor
location became lower. Though the proportion of patients with
antacid medications before this examination increased as the
esophagogastrostomy position became lower, there was no
significant difference among three groups (P = 0.102).

The relations of the esophagogastrostomy location, acid reflux,
and DGER: No acid reflux into the remnant esophagus was
observed in group A patients, whereas acid reflux was observed in
three of 15 group B patients (20%) and two of 6 group C patients
(33%). There was no significant difference among the three groups
(P =10.139). No DGER was observed in group A patients, whereas
DGER was observed in 8 of 15 group B patients (53%) and all 6
group C patients (100%). The proportion of patients with DGER
increased as the esophagogastrostomy location became lower (P
< 0.001) (Table 2).

The relations of the esophagogastrostomy location, endoscopic
findings, and reflux symptoms: Reflux esophagitis was found in
one patient (11%) in group A, five patients in group B (33%), and
all patients in group C. The proportion of patients with reflux
esophagitis increased as the esophagogastrostomy position
became lower (P = 0.002). Half of group C patients developed
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Fig. 2 Relation between the location of esophagogastrostomy and the
percentage time of bile reflux

severe esophagitis. The incidence of Barrett’s esophagus and
stenosis was not significantly different among the three groups.
Barrett’s esophagus was observed in four patients of group B, and
all of them had SSBE.

The incidence of reflux symptoms is likely to be associated with
the esophagogastrostomy location. No patients in group A showed
severe reflux symptoms, whereas one patient in both group B and
group C showed severe reflux symptoms (Table 3).

The relation of the esophagogastrostomy location with acid and
bile reflux into the remnant esophagus (24-h pH and bilirubin
monitoring): The percentage time of bile reflux in all physical
positions, the supine position, and the upright position is shown
in Fig. 2. The percentage time of bile reflux in all physical
positions was almost zero in group A and increased as the
esophagogastrostomy position became lower (P = 0.003).

The percentage time of bile reflux in the supine position also
increased as the esophagogastrostomy position became lower (P
= 0.004). The percentage time of bile reflux in the upright position
was near zero and similar among the three groups (P = 0.070).
The relation between the distance from the top of the aortic arch
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Fig. 3 Relation between the distance from the top of aortic arch to
the esophagogastrostomy location and the percentage time of acid
and bile reflux in all physical positions

to the esophagogastrostomy location and the percentage time of
acid and bile reflux in all physical positions are shown in Fig. 3.
As the esophagogastrostomy location was far from the top of the
aortic arch toward the anal side, the proportion of patients with
bile reflux was likely to increase.

The percentage time of acid reflux in all physical positions,
the supine position, and the upright position is shown in Fig.
4. Although a similar trend to bile reflux was apparent in the
percentage time of acid reflux, there was no significant difference
among the three groups in all physical positions, the supine
position, and the upright position. There were some patients
without acid reflux whose esophagogastrostomy location was
more than 4 cm far from the top of the aortic arch toward the anal
side (Fig. 3). The gastric acid secretory function of gastric tube
may influence.

Discussion

The present study showed that the incidence of DGER, the percent
time of bile reflux into the remnant esophagus, and the incidence
of reflux esophagitis increased as the esophagogastrostomy
location became lower, and no DGER was observed in patients
whose anastomosis was above the top of the aortic arch.
These results showed that the aortic arch was a watershed of
DGER. There are only a few reports on the relation between the
esophagogastrostomy location and reflux esophagitis. Hangs et
al. reported that the incidence of reflux esophagitis and reflux
symptoms was less in patients with supra-aortic anastomosis than
in patients with infra-aortic anastomosis [4]. Palmes et al. reported
that the incidence of reflux esophagitis was significantly higher in
patients with anastomosis below than in patients with anastomosis
above the azygos vein level [5]. Our objective and quantitative
data using 24-h pH and bilirubin monitoring support the findings of
these previous reports.

Reflux is promoted by the position of the gastric tube between
the positive pressure environment of the abdominal cavity and
the negative pressure environment of the thoracic cavity [11], as
well as the worsening of the remnant esophageal clearance due
to denervation and scarring of the secondary to upper mediastinal
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Fig. 4 Relation between the location of esophagogastrostomy and
the percentage time of acid reflux

lymph node dissection [12]. The reasons why the extent of DGER
depended on the location of esophagogastrostomy, particularly in
the supine position, were presumed as follows: First, the distance
of the esophagogastrostomy from the pylorus ring may be related
to the extent of DEGR. Second, in healthy persons, esophageal
peristaltic wave pressure following swallowing becomes lower
as the measured location becomes further from the pharynx and
is lowest at the transition point, which is approximately 7 cm
away from the upper esophageal sphincter [13]. The remnant
esophageal clearance may improve due to higher peristaltic
pressure as the esophagogastrostomy location nears the pharynx.
Third, because a longer remnant esophagus without peristalsis
due to upper mediastinal lymph node dissection can cause less
favorable esophageal clearance, the length of the denervated
remnant esophagus may be related to the extent of DGER. Fourth,
the lowest position of the esophagus is generally around the
level of the bifurcation of the trachea in the supine position, and
there is a downward slope from the upper thoracic esophagus
to the middle thoracic esophagus. As the esophagogastrostomy
location approaches the top of the slope, reflux into the remnant
esophagus becomes more difficult.

In our study, the esophagogastrostomy location became lower as
the tumor location became lower. Surgeons usually mind whether
the reconstructed gastric tube sufficiently reaches the remnant
esophagus; thus, they are likely to leave long segments of remnant
esophagus without peristalsis. This concern may be biased, and
esophagogastrostomy should be performed as high as possible
regardless of the tumor location.

An esophagogastrostomy via a left thoracotomy must be
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performed below the bifurcation of the trachea, i.e., at the lowest
position of the esophagus in the supine position. In our one patient
with abdominal esophageal cancer who had undergone a left
transthoracic esophagectomy and esophagogastrostomy below
the bifurcation of the trachea, duodenal diversion with Roux-en Y
reconstruction was required to prevent DGER due to refractory
reflux esophagitis and reflux symptoms. Even for lower thoracic
and abdominal esophageal cancer, an esophagectomy via a left
thoracotomy and gastric tube reconstruction without an anti-reflux
procedure should not be performed.
There are several limitations in this study. First, this was a
retrospective study that included only a small number of patients.
Second, because antacids were discontinued at least one week
before the pH and bilirubin monitoring, they did not influence
the pH and bilirubin monitoring results. However, they may have
influenced the incidence of reflux esophagitis and reflux symptoms;
the true incidence of reflux esophagitis and reflux symptoms might
have been higher. Third, reflux is attributed to the balance of
pressure, namely swallowing pressure, the peristaltic pressure
of the remnant esophagus, the negative pressure of the thoracic
cavity, and the positive pressure of the abdominal cavity.
Therefore, high-resolution manometry testing is needed to
investigate further details of reflux mechanisms. Fourth, this study
follow-up is short, as we performed this examination only one
year after esophagectomy. Yajima et al. [14] reported that the
cumulative incidence of reflux esophagitis was 24% at 5 years after
surgery and 60% at 10 years. The reasons why such phenomenon
happened are supposed to be that a denervated stomach as an
esophageal substitute can recover to a normal pH profile with
time, as Gutschow et al. [15] and Romagnoli et al. [16] reported,
and that the remnant esophageal clearance can worsen due to
impairment of swallowing function by aging. The results of this
study may depend on the timing of the evaluation. The evaluation
including endoscopy, pH and bilirubin monitoring, and manometry
is necessary at 3, 5, and 10 years after esophagectomy.
Despite the limitations of the current study, we conclude that
esophagogastrostomy should be performed above the top of
the aortic arch to prevent postoperative DGER and reduce the
incidence of reflux esophagitis in gastric tube reconstruction via
intrathoracic anastomosis.
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Abstract

Background : Tracheoesophageal fistula (TEF) is a rare but life-
threatening complication after esophagectomy. It has a high
mortality rate and often leads to severe aspiration pneumonia.
Various types of surgical repair procedures have been reported,
but the optimal management of TEF is challenging and
controversial. Treatment should be individualized to each patient.
Case presentation © A 66-year-old female underwent transthoracic
esophagectomy with gastric tube reconstruction and an
intrathoracic anastomosis for esophageal cancer. Three years later,
she had hematemesis and was diagnosed with a gastro-aortic
fistula due to a gastric ulcer. She underwent endovascular aortic
repair urgently at another hospital. Two days later, she underwent
total resection of the gastric tube, during which time an injury to
the trachea occurred; it was repaired by patching the stump of the
esophagus to the injury site. Two months later, descending aortic
replacement was performed due to infection of the stent graft.
Six months after the first operation, a TEF developed. The patient
was referred to our hospital for further treatment. The fistula
was ligated and divided via a cervical approach, and a pectoralis
major muscle flap was used to cover the defect. Esophageal
reconstruction with the pedunculated jejunum was performed via
a subcutaneous route. The postoperative course was uneventful.
The patient was discharged after 6 months of physical and
dysphagia rehabilitation.

Conclusion © A TEF located near the cervicothoracic border was
successfully treated with a pectoralis major muscle flap through
a cervical approach. Total resection of a gastric conduit in the
posterior mediastinum carries a risk of tracheobronchial injury;
however, if such an injury occurs, surgeons should be able to
repair the injury using a suitable flap depending on the injury site.
Keywords : Tracheoesophageal fistula, Gastric conduit ulcer,
Pectoralis major muscle flap

Background

Tracheoesophageal fistula (TEF) is a rare but lifethreatening
complication after esophagectomy. It has a high mortality rate and
often leads to severe aspiration pneumonia [1, 2]. Various types
of surgical repair procedures have been reported, but the optimal
management of TEF is challenging and controversial. Treatment
should be individualized to each patient. Herein, we report a
patient with a TEF after total resection of a gastric conduit for
gastro-aortic fistula due to a gastric ulcer, successfully repaired
with a pectoralis major muscle flap through a cervical approach.
Case presentation

A 66-year-old woman with esophageal cancer underwent
transthoracic esophagectomy with three-field lymph node
dissection via a muscle-sparing thoracotomy as previously reported
[31, with gastric conduit reconstruction and an intrathoracic
anastomosis. A high-dose proton pump inhibitor (PPI) was
administered postoperatively due to the patient’s history of
gastric ulcers; she discontinued the medication of her own volition.



Three years after surgery, she was admitted to a local hospital
for mediastinitis due to a perforated gastric ulcer in the conduit
(Fig. 1a). She was treated with antibiotics and fasting. Seventeen
days later, she had hematemesis and was diagnosed with a
gastro-aortic fistula due to a gastric ulcer (Fig. 1b, c). She was
transferred to a nearby university hospital with shock status and
underwent endovascular aortic repair urgently, using two GORE®
TAG® devices (W.L. Gore & Associates, Flagstaff, AZ). Two days
later, total resection of the gastric tube was performed via a right
posterolateral thoracotomy. There was an abscess cavity between
the gastric tube and the descending aorta which consisted of
necrotic tissue and old blood. A 2-cm wall defect was found on the
right wall of the middle of gastric tube. The clot-filled gastric tube
was resected. The perforation of the descending aorta was left.
During this operation, a tracheal injury occurred while the remnant
esophagus was being separated from the trachea; this injury was
subsequently repaired by patching the stump of the esophagus
to the injury site. Tracheostomy and a feeding jejunostomy were
also performed. The operative time was 8 h and 40 min, and
the blood loss was 2380 ml. The remnant esophagus had been
decompressed by nasal tube since the total resection of gastric
conduit till the following reconstructive surgery. Two months later,
a descending aortic replacement was performed due to infection of
the stent graft. Stent graft was removed, and the descending aorta
between the fifth vertebra and the eleventh vertebra level was
replaced with rifampicin-soaked 24-mm J graft (JUNKEN MEDICAL,
Tokyo, Japan). Infected vascular intima of the aorta around the
gastro-aortic fistula was resected. The operative time was 8 h and
10 min. Purulent matter was found around the stent graft, and
Candida albicans was recognized by the bacterial culture of the
pus. Postoperative severe pneumonia due to methicillin-resistant
Staphylococcus aureus (MRSA) occurred after aortic replacement
and required artificial respirator. Postoperative pneumonia was
gradually improved by antibiotics. Three months later, she was
transferred to previous local hospital. When a TEF developed 6
months after the first operation, in spite of decompression of the
remnant esophagus by nasal tube, she still had required respirator
due to prolonged postoperative pneumonia. Her poor general
condition could not allow reconstructive surgery. She could
withdraw from respirator 5 months after the aortic replacement
(7 months after the first operation). Though she suffered from
repeated bouts of aspiration pneumonia, she could walk after
rehabilitation for 5 months (1 year after the first operation), and
transferred to our hospital for reconstructive surgery. This patient’s
time course is summarized in Fig. 2.

Bronchoscopy showed a fistula on the membranous portion of
the trachea (Fig. 3a). Gastrointestinal endoscopy revealed a fistula
in the stump of the esophagus (Fig. 3b). Computed tomography
showed the TEF to be on the cervicothoracic border (Fig. 3¢). The
fistula was formed between the trachea and the esophageal stump
on the cervicothoracic border (Fig. 3d). The cervical esophagus
was accessed through a cervical approach, and the fistula was
ligated and divided (Fig. 4a, b). A pectoralis major muscle flap was
used to cover the defect and lay under the trachea (Fig. 4c. e).
Esophageal reconstruction using the pedunculated jejunum with
a microvascular anastomosis was performed via a subcutaneous
route (Fig. 4d, e). The total operative time was 8 h and 54 min.
Intraoperative blood loss was 453 ml. The postoperative course
was uneventful. She was transferred to the previous hospital
on postoperative day 14 and was discharged after 6 months of
physical and dysphagia rehabilitation.

Discussion

In patients with TEF after esophagectomy, the latissimus dorsi
muscle is the easiest muscle from which to fashion a flap for
coverage, but it is often not usable as it is transected in a
posterolateral thoracotomy. Though various repair techniques
have been reported, the choice of which muscle to use for the
repair depends on the location of the fistula. A pedicled posterior
pericardial flap or diaphragmatic flap is useful for a fistula located
near the carina or near a peripheral bronchus [4, 5]. A pectoralis
major muscle flap or sternocleidomastoid muscle flap is useful for
a fistula near or in the neck [6, 7]. The intercostal muscle flap can
usually reach the whole intrathoracic trachea and bronchus and is
a highly versatile option [8].

In this patient, there were several complicating factors including
the surgical approach to the TEF given dense adhesions with
two prior thoracotomies, flap choice, and conduit choice for
esophageal reconstruction. Fortunately, the TEF was located on
the cervicothoracic border, and a cervical approach was therefore
chosen. A pectoralis major muscle or sternocleidomastoid muscle
(SCM) flap can be suitable for repairing this tracheoesophageal
fistula. A pectoralis major muscle flap is larger and thicker, and
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its covering area is wider. A SCM flap can be created easier in
the same operative field. The larger pectoralis major muscle flap
is considered to be more suitable for this patient to fill the dead
space behind the membranous portion of the trachea. There was
a problem about blood supply of SCM in this case. The upper third
of SCM is supplied by branches of occipital artery. The middle
third of SCM is supplied by branches of superior thyroid artery. The
lower third of SCM is supplied by branches of the suprascapular
artery [9]. There are two types of SCM flap: the superiorly based
flap which is the commonly used and supplied from occipital
artery and superior thyroid artery and the inferiorly based flap
which is suitable for the lesion on the lower neck or upper
mediastinum [10]. Though the inferiorly based sternocleidomastoid
muscle flap was required according to the fistula position, the
necrosis of the flap might occur because of no blood supply
from branches of superior thyroid artery and suprascapular
artery by previous cervical lymph node dissection. Therefore, the
pectoralis major muscle was chosen over the SCM. With respect
to esophageal reconstruction, small intestine reconstruction using
the pedunculated jejunum with a microvascular anastomosis was
chosen over a colonic conduit as there were dense adhesions
of the transverse colon to the upper abdominal organs due to a
previous total resection of the former gastric conduit.

During gastric conduit resection, dense adhesions around the
conduit, particularly around the esophagogastrostomy in the upper
mediastinum [11], make dissection difficult and a tracheobronchial
injury a possibility. In this case, a tracheal injury occurred while
the remnant esophagus was being dissected from the trachea
via a thoracotomy. The injury was repaired with the remnant
esophagus patch and resulted in a delayed TEF. Because the
patient had previously undergone a muscle-sparing thoracotomy
for esophageal cancer, thus preserving the latissimus dorsi
muscle, a posterolateral thoracotomy with a latissimus dorsi
muscle flap or intercostal muscle flap would have been a good
option for repair of the initial tracheobronchial injury. When the
tracheal injury occurred, the surgeons should have created an
intercostal muscle flap to repair the injury and then performed
a cervical esophagostomy. A pectoralis major muscle flap or a
sternocleidomastoid muscle flap could also have been an option
as the injury was near the neck.

The primary cause of this gastro-aortic fistula was discontinuation
of PPl medication of her own volition. The frequency of peptic
ulcer in the reconstructed gastric tube was reported to be
6.6-19.4% [12-15]. The mortality of patients with perforation of
gastric tube ulcer was 56.5% in the review of Japanese literature
and 84.6% in the review of the English literature [16]. Once gastric
tube ulcer develops to gastro-aortic fistula, it causes a fatal result.
We recommend PPl medication for patients with gastric tube
reconstruction after esophagectomy.

Fig. 1 a Gastrointestinal endoscopy showed an ulcerated lesion
on the right wall of middle of gastric tube. b Horizontal and c
sagittal enhanced computed tomography image showed an
irregular ulceration on the anterior wall of the descending aorta,
no extravasation, and absence of the descending aortic wall and
gastric wall, suggesting sealed rupture of the descending aorta
(yellow arrow)

Events Treatments

Right transthoracic esophagectomy via
muscle sparing thoracotomy with three

Esophageal cancer -3y field lymph node dissection and gastric
conduit reconstruction by an intrathoracic
anastomosis

Perforation of gastric ulcer 0 Antibiotics and fasting

Gastro-aortic fistula 17d Endovascular aortic repair

Total resection of the gastric tube via a
Intraoperative tracheal injury 194 right posterolateral thoracotomy Repair of

the tracheal injury by patching the stump of
the esophagus on the injury site

Infection of the stent graft 2m Descending aortic replacement

Tracheoesophageal fistula 6m

\

Repair of the tracheoesophageal fistula
Ty by pectoralis major muscle Esophageal
reconstruction with pedicled jejunum

Fig. 2 Patient’s clinical course

Fig. 3 a Bronchoscopy showed the fistula on the membranous
portion of trachea; a bubble arose from the fistula (white arrow).
b Gastrointestinal endoscopy revealed a pinhole in the stump
of the esophagus and the staple line (white arrow). c Sagittal
computed tomography image showing the tracheoesophageal
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fistula on the cervicothoracic border (white arrow). d Schema of
the tracheoesophageal fistula

Fig. 4 a Cervical incision line. b The cervical esophagus was
accessed through a cervical approach, and the fistula was ligated
(white arrow). ¢ A pectoralis major muscle flap was fixed to the
fistula site, underneath the trachea. Pectoralis major muscle flap
under the trachea (white arrow). d Esophageal reconstruction
using the pedunculated jejunum with a microvascular anastomosis
was performed via a subcutaneous route. e A schema of the
operation

Conclusions

A TEF located near the cervicothoracic border was successfully
treated with a pectoralis major muscle flap through a cervical
approach. Because total resection of a gastric conduit in the
posterior mediastinum carries a risk of tracheobronchial injury,
thoracotomy with creation of an intercostal muscle flap should
be performed in preparation for a tracheobronchial injury in such
situations. If such an injury occurs, surgeons should be able to
repair the injury using a suitable flap depending on the injury site.
Abbreviations
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Abstract

Background : The aim of this study is to evaluate the clinical value
of a prophylactic minitracheostomy (PMT) in patients undergoing
an esophagectomy for esophageal cancer and to clarify the
indications for a PMT.

Methods : Ninety-four patients who underwent right transthoracic
esophagectomy for esophageal cancer between January 2009
and December 2013 were studied. Short surgical outcomes were
retrospectively compared between 30 patients at high risk for
postoperative pulmonary complications who underwent a PMT
(PMT group) and 64 patients at standard risk without a PMT (non-
PMT group) . Furthermore, 12 patients who required a delayed
minitracheostomy (DMT) due to postoperative sputum retention
were reviewed in detail, and risk factors related to a DMT were



also analyzed to assess the indications for a PMT.

Results : Preoperative pulmonary function was lower in the PMT
group than in the non-PMT group : FEV1.0 (2.41 vs. 2.68 L, p =
0.035), and the proportion of patients with FEV1.0% <60 (13.3%
vs. 0%, p = 0.009). No between-group differences were observed
in the proportion of patients who suffered from postoperative
pneumonia, atelectasis, or re-intubation due to respiratory failure.
Of the 12 patients with a DMT, 11 developed postoperative
pneumonia, and three required re-intubation due to severe
pneumonia. Multivariate analysis revealed FEV1.0% <70% and
vocal cord palsy were independent risk factors related to a DMT.
Conclusion @ A PMT for high-risk patients may prevent an increase
in the incidence of postoperative pneumonia and reintubation. The
PMT indications should be expanded for patients with vocal cord
palsy or mild obstructive respiratory disturbances.

Keywords @ Minitracheostomy, Postoperative pneumonia,
Esophagectomy

Background

In Japan, the standard surgical procedure for esophageal cancer
is subtotal esophagectomy with extended lymph node dissection,
which requires the skeletonization of the upper mediastinal
structures. This procedure is highly invasive, with high morbidity
and mortality rates [1, 2]. Postoperative pneumonia is the most
serious complication after esophagectomy and is a major risk
factor for inhospital mortality [3]. Impairment of the swallowing
function due to cervical lymph node dissection and vocal cord
palsy resulting from para-laryngeal nerve lymph node dissection
both cause pulmonary aspiration. The impairment of postoperative
pulmonary function and postoperative chest pain induce difficulty
in expectoration, which can lead to sputum retention and
postoperative pneumonia.

Although bronchoscopic aspiration is typically performed for
sputum retention, this procedure requires trained bronchoscopists;
a significant delay often occurs from onset to treatment.
Bronchoscopic aspiration places a large burden on patients. Local
anesthetic administered to the mucous membranes of the pharynx,
larynx, and trachea often induces the pulmonary aspiration of
intraoral bacteria. However, a minitracheostomy allows nursing
staff without specialized training to have immediate access to the
bronchial tree. The introduction of a catheter into the trachea
through the minitracheostomy typically evokes an effective cough
that helps clear secretions.

Previous authors have reported that a prophylactic
minitracheostomy (PMT) helps prevent postoperative pulmonary
complications in patients who undergo pulmonary resection
for lung cancer [4-8]. However, given the limited number of
available reports, the clinical value of a PMT is unclear in patients
undergoing an esophagectomy. Since January 2009, we have
used a PMT in patients at a high risk for postoperative pulmonary
complications to decrease these complications. The aim of this
study was to evaluate the clinical value of a PMT in patients
undergoing an esophagectomy for esophageal cancer and to
clarify the indications for a PMT.

Methods

Patients

From January 2009 to December 2013, 99 patients underwent a
right transthoracic esophagectomy via muscle sparing thoracotomy
(MST) as reported previously [9]. Of these, two patients with
a previous laryngectomy and one patient with a synchronous
laryngectomy were excluded. Two other patients who underwent
a tracheostomy for delayed extubation were also excluded. Thus,
the remaining 94 patients were subjected to analysis. The ethical
committee of Nagoya University Hospital approved our study (No.
2016-0361); written informed consent was obtained from all
patients.

Surgical procedures

All patients underwent a right transthoracic esophagectomy
via MST with mediastinal lymphadenectomy, including bilateral
recurrent laryngeal nerve lymph node dissection and laparotomy
for dissecting abdominal lymph nodes, to establish a reconstructive
conduit. Thoracotomy was followed by laparotomy in patients
with borderline resectable tumors, while laparotomy was followed
by thoracotomy in all other patients. The gastric tube was selected
as the primary reconstructive conduit. The percutaneous route
was chosen in patients who were older or who had liver cirrhosis,
and the retrosternal route was used in patients with possible
residual tumors (R1/2 resection). In the other patients, the choice
of the reconstruction route that was used depended on the
surgeon’s preference. Reconstruction with a pedicled jejunum
was performed via the percutaneous route in all patients who had
previously undergone or synchronously underwent gastrectomy.
Prophylactic minitracheostomy
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The tracheal tube was routinely extubated on the first
postoperative day if the general condition of the patients
was stable. The degree of vocal cord palsy was evaluated by
bronchoscopy in all patients just after extubation, and a PMT
was subsequently performed using a Minitrach lI® (SIMS Portex,
Hythe, Kent, UK) with the percutaneous Seldinger technique for
patients at high risk of postoperative pulmonary complications.
These patients included elderly patients over 80 years of age,
patients with vocal cord palsy and the presence of a slit between
the vocal cords, patients with low pulmonary function [(a forced
expiratory volume in 1 s (FEV1.0) <1.5 L or a percent predicted
forced expiratory volume in 1 s (FEV1.0%) <60%)], patients with
preoperative pneumonia, including interstitial pneumonia, and
patients with aspiration noted in an upper gastrointestinal image
(Table 1). Routine prophylactic aspiration by bronchoscopy was
never performed. A mini-tracheal tube was extubated unless the
patients developed pulmonary aspiration after the start of oral
intake. A total of 30 patients underwent a PMT; 16 patients were
selected to undergo a PMT before surgery, and the remaining 14
patients underwent a PMT after surgery. We performed a delayed
minitracheostomy (DMT) following bronchoscopic aspiration for
patients with postoperative sputum retention despite the presence
of vocal cord palsy.

Perioperative care

All patients received intravenous injections of methylprednisolone
to attenuate the inflammatory responses as follows : 250 mg
intravenously 1 h before the start of surgery, 125 mg on day 1, and
80 mg on day 2. One epidural catheter was intubated between
the fifth and sixth thoracic vertebra, and another epidural catheter
was intubated between the ninth and tenth thoracic vertebra.
Continuous epidural anesthesia with fentanyl and ropivacaine
or levobupivacaine was used until day 6. An intravenous drip
injection of pentazocine (15 mg) or buprenorphine (3 mg) was
administered as needed until day 10. An injection of loxoprofen or
pregabalin was administered via feeding tube from day 11 until the
start of oral intake. Computed tomography (CT) was performed
on day 7 in all patients. Atelectasis was assessed by radiological
evidence of plate atelectasis, labor collapse, or total lung collapse
as shown on the CT image.

Postoperative complications were defined as any event requiring
specific medical or surgical treatment and were assessed
according to the Clavien-Dindo classification [10]. A PMT was not
considered to be a grade 3 pulmonary complication.

Table 1 Indication of prophylactic minitracheostomy
Indication Number of patients
Preoperative

Old age

Low pulmonary function

Preoperative pneumonia

Aspiration

Low pulmonary function + Aspiration
Postoperative

Vocal cord palsy 14

- WU~

Statistical analyses

The results are expressed as the median (range). Fisher’s exact
probability test and the Mann-Whitney U test were used for
analysis as appropriate. Univariate and multivariate analyses
were performed using a logistic regression model to identify the
independent factors that were associated with postoperative
pneumonia. In the multivariate analysis, the factors that showed
a p value of <0.200 in the univariate analysis were selected and
subjected to a stepwise logistic regression analysis. All statistical
analyses were performed with SPSS software version 20.0 J. The
two-sided p values were calculated and are presented. A p value
of <0.05 was considered statistically significant.

Results

Patient characteristics

No significant differences were observed between the PMT and
non-PMT groups in terms of the age, gender, tumor location,
clinical stage, or proportion of patients who underwent
preoperative chemotherapy, preoperative chemoradiotherapy,
or a salvage operation (Table 2). Regarding the preoperative
pulmonary function, the FEV1.0 was significantly lower in the PMT
group than that in the non-PMT group. The proportion of patients
with FEV1.0% less than 60% was significantly higher in the PMT
group than that in the non-PMT group.
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Table 2 Patients’ characteristics

Variables PMT group Non-PMT group P
(n=30) (n=64)
Age [year] 68.5 (51-86) 65.0 (43-78) 0.071
Gender (male/female) 23/7 5717 0.131
Location of tumor, n (%) 0.413
Ut 6 (20.0) 6(9.4)
Mt 13 (43.3) 36 (56.2)
Lt 9(30.3) 16 (25.0)
Ae 2(6.7) 6(9.4)
cStage (UICC 7th), n (%) 0.153
| 5(16.7) 25(39.1)
Il 10 (33.3) 14 (21.9)
11 12 (40.0) 20(31.2)
vV 3(10.0) 5(7.8)
Neoadjuvant chemotherapy, n (%) 14 (46.7) 26 (40.6) 0.652
Neoadjuvant chemoradiotherapy. n (%) 6 (20.0) 5(7.8) 0.099
Salvage operation, n (%) 133 4 (6.3) 1.000
Preoperative pulmonary function
VC [L] 3.51(2.03-5.43) 3.66 (2.05-557) 0.113
%V C 114 (67-134) 110 (76-166) 0.703
FEV1.0 [L] 241 (1.11-336) 2.68 (1.59-4.13) 0.035
FEV1.0% 71.5(53.2-91.3) 76.4(60.2-93.8) 0.160

FEV1.0% < 60%, n (%) 4(13.3) 0 0.009
PMT prophylactic minitracheostomy

Surgical procedures

The surgical procedures are summarized in Table 3. No between-
group differences were observed in the proportion of patients
requiring cervical lymph node dissection, a reconstructive organ,
a reconstructive route, and an anastomotic portion. The operative
time and blood loss were similar between the two groups.
Postoperative outcomes

The duration of intubation was significantly longer in the PMT
group than in the non-PMT group (Table 4). No significant
differences were observed between the two groups in terms of
the incidence of grade 2 postoperative pneumonia and atelectasis.
Of the 64 non-PMT patients, 12 patients required a DMT due to
postoperative sputum retention, and seven required re-intubation.
The incidence of vocal cord palsy was significantly higher in the
PMT group than that in the non-PMT group because a PMT was
performed for patients with vocal cord palsy and the presence
of a slit between the vocal cords. No between-group differences
were observed in terms of paroxysmal tachycardia or anastomotic
leakage. The lengths of postoperative hospital stays were not
different. One patient died of severe pneumonia on day 34 in the
non-PMT group.

Regarding patients with vocal cord palsy, in two patients who
underwent the resection of unilateral recurrent nerve involved
in metastatic lymph node, ansa cervicalis-recurrent nerve
anastomosis was performed simultaneously. Though the vocal
palsy was permanent, they kept relatively good phonating function
and swallowing function without aspiration. All the other patients
with vocal code palsy recovered conservatively within 6 months
after the operation. All patients with postoperative aspiration
became orally ingestible by swallowing rehabilitation.

Next, we reviewed in detail the 12 patients who underwent a DMT
(Table 5). Of these patients, seven had mild obstructive respiratory
disturbances, and five had vocal cord palsy. Co-morbidities with
liver cirrhosis, heart failure, failed smoking cessation, and walking
difficulty were also found.

Table 3 Surgical procedures

Variables PMT group Non-PMT group P
(n=30) (n=64)
Cervical lymph node 24 (80.0) 52 (81.3) 1.000
dissection, n (%)
Reconstructed organ, n (%) 0.064
Stomach 27 (90.0) 46 (71.9)
Jejunum 3(10.0 18 (28.1)
Reconstructive route, n (%) 0.229
Percutaneous 7(23.4) 20 (31.2)
Retrosternal 10 (33.3) 11(17.2)
Postmediastinal 13 (43.3) 33(51.6)
Anastomotic portion
Cervical / Intrathoracic 23/7 40/ 24 0.240

Operative time [min] 540 (406-732) 584 (306-975)  0.084
Blood loss [ml] 1057 (262-2567) 964 (269-6698) 0.320
Blood transfusion, n (%) 19 (63.3) 33 (51.6) 0.374

PMT prophylactic minitracheostomy

When the 12 patients with a DMT were compared with the 52
patients without a DMT, significant between-group differences
were observed in terms of the following parameters : the
incidence of postoperative pneumonia (11/12 vs. 14/42, p <
0.001, atelectasis (9/12 vs. 11/52, p < 0.001), and postoperative
hospital stay [50 (18-137) vs. 24 (14-224) days, p = 0.008].

Of the 12 patients who received a DMT, three required re-
intubation due to severe pneumonia. However, of the 52 patients
without a DMT, four underwent re-intubation. These four patients
did not undergo a minitracheostomy before re-intubation due to
sudden respiratory failure or acute progressive severe pneumonia.
Logistic regression analysis of the risk factors related to DMT

The risk factors related to a DMT were analyzed using univariate
and multivariate logistic regression analyses in the 64 non-PMT
patients (Table 6). Nine possible risk factors were included in the
analysis. The dysfunction of other organs was defined as a history
of ischemic heart disease or heart failure, cerebrovascular disease,
liver cirrhosis (indocyanine green retention time at 15 min >15%),
or renal failure (serum creatinine level > 1.5 mg/ dl). Among these
potential risk factors, multivariate analysis identified FEV1.0% <
70% and vocal cord palsy as independent risk factors.

Discussion

Our results demonstrated that the incidence of postoperative
pulmonary complications in high-risk patients (the PMT group)
was at least equivalent to that in the standard-risk patients (the
non-PMT group). A noteworthy observation was that no patient
required reintubation in the PMT group. A PMT may prevent an
increase in the incidence of postoperative pneumonia and re-
intubation in patients at high risk for pulmonary complications.
Although no complications related to a PMT were reported in this
study, severe complications associated with a minitracheostomy
have been reported, such as membranous tracheal injury, bleeding
from the anterior cervical vein, hoarseness, and obstructive
subglottic granuloma after removal of a minitracheostomy tube
[11-13]. A minitracheostomy may prevent elevation of the larynx
during swallowing and impair the swallowing function. Therefore,
a PMT should be restricted to highrisk patients, and it is important
to appropriately select patients requiring a PMT.

Table 4 Postoperative outcomes

Variables PMT group Non-PMT group P
(n=30) (n=64
Extubation of tracheal tube [POD] 2 (1-6) 1(1-11) 0.002

Pulmonary complications, n (%)

Postoperative pneumonia 8 (26.7) 25 (39.1) 0.258
(z CD2)

Atelectasis® 10 (33.3) 26 (40.6) 0.495

Re-intubation 0 7 (10.9) 0.093
Other complications, n (%)

Vocal cord palsy 16 (53.3) 12 (18.8) 0.001

Paroxysmal tachycardia 7 (23.3) 13 (20.3) 0.790

Anastomotic leakage 0 8 (12.5) 0.052
Any complication (2 CD3a), n (%) 5 (16.7) 21 (32.8) 0.137
90-day mortality, n (%) 0 1(1.6) 1.000

Postoperative hospital day [days] 28 (16-97) 30 (14-226) 0.460

PMT prophylactic minitracheostomy, CD Clavien-Dindo classification
adiagnosed by computed tomography

Table 5 The characteristics of the patients
with delayed minitracheostomy
Age  FEV1.0% <70 Vocal cord palsy Others factors

1 60-69 Failure to cease tobacco

2 60-69 O @]

3 60-69 O Liver cirrhosis (ICGR15 = 19%)
4 60-69 @]

5 70-79 O Walking difficulty

6 70-79 Heart failure (EF48%)

7 40-49 Failure to control pain

8 70-79 O @]

9 70-79 O

10 60-69 @] Liver cirrhosis (ICGR15 = 25%)
11 60-69 O

12 70-79 O ]

ICGR15 indocyanine green retention time 15 min, EF ejection fraction



Table 6 Uni-and multivariate analyses for risk factors related to delayed
mini-tracheostomy

Variables DMT  Univariate  Multivariate
n n®%) P HR (95%-Cl) P
Age 0.238
75> 55 9(16.4)
=75 9 3(333)
Brinkman Index 0.968
800> 37 7(189)
=800 27 5(185)
FEV1.0% 0.061 0.032
=70 42 5(11.9) 1
<70 22 7(31.8) 5.06 (1.15-22.21)
Clinical stage (UICC 7th) 0.838
| 25 5(20.0)
IR1INAY 39 7(17.9)
Preoperative chemoradiotherapy 0.533
Absent 55 11(20.0)
Present 9 1011
Cervical lymph node dissection 0.162
Absent 12 4(33.3)
Present 52 8(154)
Reconstructive organs 0.790
Stomach 46 9(19.6)
Jejunum 18 3(16.7)
Vocal cord palsy 0.032 0.017
Absent 52 7(135) 1
Present 12 5(41.7) 6.90 (1.41-33.85)
Dysfunction of other organs 0.073
Absent 54 8(14.8)
Present 10 4 (40.0

DMT delayed mini-tracheostomy, HR hazard ratio, C/ confidence interval

Regarding our PMT indications in this study, age, low pulmonary
function, and vocal cord palsy were reported to be associated
with postoperative pneumonia after esophagectomy [14,
15]. Aspiration of oral bacteria is commonly known to cause
postoperative pneumonia [16]. Vocal cord palsy with a slit
and reduced swallowing function with aspiration on the upper
gastrointestinal image were therefore included as indications for a
PMT. In patients with preoperative pneumonia including interstitial
pneumonia, worsening of this condition due to an esophagectomy
can be lethal; thus, preoperative pneumonia was also included as
an indication for PMT.

A routine tracheostomy may be safer than a minitracheostomy
when emergency airway management is needed. However, a
tracheostomy leads to temporary voicelessness, which is stressful
for patients and causes impairment of the swallowing function due
to the restriction of the elevation movement of the larynx during
swallowing. Moreover, a tracheostomy can occasionally cause
severe complications such as recurrent laryngeal nerve injury,
tracheoesophageal fistula, or tracheo-brachiocephalic artery fistula.
We propose that a prophylactic tracheostomy is too invasive.

In this study, none of the 30 patients who received a PMT
according to our indications required re-intubation, whereas 12
of the non-PMT patients required a DMT due to postoperative
sputum retention, and three developed severe pneumonia and
required re-intubation. A multivariate analysis revealed that
FEV1.0% <70% and vocal cord palsy were independent risk
factors related to a DMT. Therefore, the indications for a PMT
should be expanded for such patients despite the presence of a
slit between the vocal cords. After this analysis, we expanded the
indications for a PMT.

Although we focused on pulmonary function and aspiration to
define the indications for a PMT, the DMT group included patients
with health problems other than pulmonary function, such as liver
cirrhosis, heart failure, and walking difficulty. In the prospective
randomized trial reported by Pramod et al. [6, 17], the indications
for a PMT included ischemic heart disease and cerebrovascular
disease, which are likely to be exacerbated by postoperative
hypoxia. In their study, some patients developed acute myocardial
infarction or cerebellar infarction secondary to sputum retention.
In addition to pulmonary function and aspiration, other organ
disorders, such as heart failure, ischemic heart disease, liver
cirrhosis, cerebrovascular disease, and performance status should
be considered for a PMT.

In the present study, 11 of the 12 patients with a DMT due
to postoperative sputum retention developed postoperative
pneumonia, and three patients progressed to severe pneumonia.
These observations demonstrate that a DMT after postoperative
sputum retention cannot prevent postoperative pneumonia. In
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patients with sputum retention, oral bacteria may have dripped
into the bronchial tree gradually due to postoperative vocal cord
palsy and an impairment of swallowing function immediately after
extubation. Thus, when sputum retention occurs, a pulmonary
infection may have already developed. It is therefore important
to prophylactically perform a minitracheostomy. Some limitations
were associated with this study. First, this is a retrospective study
with only a small number of patients. Second, most of our patients
underwent cervical lymph node dissection which is not generally
performed in western country. Cervical lymph node dissection
was reported to increase the incidence of vocal cord palsy [1] and
impair swallowing function [18], and may lead to the increase of
the incidence of postoperative pneumonia. Therefore, our results
do not apply to patients without cervical lymph node dissection,
and it may be necessary to reconsider the indications for a PMT
for patients without cervical lymph node dissection. Third, all study
patients underwent an open thoracotomy.

The incidence of pulmonary complication in open thoracotomy

has been reported to be 12.5 to 39.66% [19]. The incidence

of postoperative pneumonia in our study was 35.1%, and not

particularly high, compared with open thoracotomy groups in

the other studies. However, thoracoscopic esophagectomy has

recently become popular and has been reported to reduce

pulmonary complications compared to open thoracotomy [19-21].

It may be necessary to reconsider the PMT indications also for

patients receiving thoracoscopic esophagectomy. Fourth, because

this study did not compare two groups with the same condition,

no conclusive results can be drawn from this comparison. A

prospective randomized study comparing a PMT group and a non-

PMT group of patients at high risk for pulmonary complications is

needed.

Conclusion

A PMT for patients at high risk for postoperative pulmonary

complications may be effective for preventing an increase in the

incidence of postoperative pneumonia and re-intubation. The

indications for a PMT should be expanded for patients with mild

obstructive respiratory disturbances or vocal cord palsy despite

the presence of a slit between the vocal cords.

Abbreviations

CT : Computed tomography; DMT : Delayed minitracheostomy;

MST : Muscle sparing thoracotomy; PMT : prophylactic

minitracheostomy
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Abstract

OBJECTIVE : The posterior inferior cerebellar artery (PICA) and
the vertebral artery (VA) often exhibit anatomical variations at
the craniovertebral junction (CVJ). An example of this is the
PICA originating extradurally from the Vs segment of the VA. To
date, some cadaveric investigations have been reported, but the
incidence and relationship of this variation to the VA and the
atlas as observed on clinical imaging have not been discussed.
This study evaluated the prevalence of PICAs originating from the
V3 on CT scanning. Other variations of the atlas and VA were also
analyzed.

METHODS © CT images from a series of 153 patients who
underwent 3D CT angiography (CTA) were analyzed, and
variations of the PICA, VA, and atlas were investigated.

RESULTS @ A total of 142 patients (284 sides) were analyzed;
11 patients (7.2%) were excluded due to poor image quality.
The most common VA variation was the PICA originating from
V3 (9.5% of 284 sides), which was more frequently observed on
the nondominant VA than the dominant VA (22.5% vs 6.25%, p
= 0.0005). A VA with a PICA end was identified in 4 sides (1.4%),
which is the same incidence as observed in the persistent first
intersegmental VA (1.4%). VA fenestration was only found in 1 side
(0.35%). Regarding the atlas, ponticulus posticus was observed in
24 sides (8.5%). There was no relationship between the incidence
of ponticulus posticus and the variations of the VA.
CONCLUSIONS © A PICA originating from Vs was the most
common VA variation at the CVJ and was more common on
the nondominant VA. Three-dimensional CTA is useful for the
evaluation of this variance. Surgeons should be mindful of this
variation during operations.
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Abstract

Purpose  To determine the effects of vitreomacular separation on
macular thickness.

Methods : This was a retrospective, observational, cross-sectional
study. Average foveal and central minimum thicknesses were
measured by spectral-domain optical coherence tomography (SD-
OCT) in 308 eyes of 308 healthy subjects (healthy group) and
298 normal fellow eyes of 298 patients with a unilateral macular



hole (MH group). Multiple regression analyses were performed to
determine the effects of various factors on the macular thickness.
Results : The mean age of healthy group was 67.3+9.6 years
(range, 40-88 years) and that of the MH group was 67.8%7.0
years (range, 43-91). SD-OCT images showed that 149 eyes
(48.4%) in healthy group and 174 eyes (58.4%) in MH group
had a vitreomacular separation. In the healthy group, the central
minimum thickness of eyes with a vitreomacular separation (196
um) was significantly thinner than those without a vitreomacular
separation (205 um; P<.001). In MH group, the average foveal
thickness (234 um) and the central minimum thickness (177 pm)
in eyes with a vitreomacular separation were thinner than those
without it (247 um and 199 um, respectively; both P<.001) .
Multiple regression analyses showed that a vitreomacular
separation was significantly correlated with a thinner central
minimum thicknesses in both groups (P<.001) and also with the
average foveal thickness in the MH group (P<.001).

Conclusions @ A vitreomacular separation causes thinning of the
central fovea in both the healthy eyes and the normal fellow eyes
of unilateral MH patients; the extent of foveal thinning is greater in
the MH group.

Introduction

During the development of a posterior vitreous detachment
(PVD) , the vitreous adhesion to the fovea plays a key role in
the development of a macular hole (MH) and the vitreomacular
traction syndrome [1-6]. The posterior vitreous adhesion
to the fovea is divided into two types by the International
Vitreomacular Traction Study Group; vitreomacular traction with
foveal deformation and a vitreomacular adhesion without foveal
deformation [7]. Vitreomacular tractions are found more frequently
in the asymptomatic fellow eyes of unilateral MH patients than in
the eyes of healthy subjects [8]. Also, an abnormal vitreomacular
adhesion appears to precede the development of a MH.

Spectral-domain optical coherence tomography (SD-OCT) allows
clinicians to obtain the detailed views of the vitreomacular
interface [9-15]. Several studies using time-domain OCT [16-
18] and SD-OCT [19-25] on the healthy eyes reported that the
macular shape was related to the age and sex of the individual
and the axial length of the eye.

Thus, the aim of this study is to characterize the differences in the
macular thicknesses based on status of the vitreous attachment in
the normal eyes of healthy subjects and the normal fellow eyes of
patients with a unilateral MH.

Materials and Methods

This was a multicenter, retrospective, observational, cross-
sectional study of the macular thickness of the normal eyes of
healthy subjects and the normal fellow eyes of patients with a
unilateral MH. The patients were examined intermittently between
September 2008 through October 2013 at Shinjo Ophthalmologic
Institute, Kami-iida Daiichi General Hospital, Nishigaki Eye Clinic,
and Yada Eye Clinic.

The study protocols were approved by the Ethics Committees of
each institution, and all of the procedures adhered to the tenets
of the Declaration of Helsinki. An informed consent was obtained
from the patients to perform the clinical measurements, and
permission was obtained from all patients to use the collected
data for future research studies.

This study was conducted on the fellow eyes of patients with
unilateral cataracts without any retinal diseases (healthy group) ,
and the fellow eyes of patients with unilateral idiopathic MH
diagnosed as normal by slit-lamp biomicroscopy (MH group) .
The exclusion criteria were eyes with the best-corrected visual
acuity (BCVA) less than 20/20, presence of significant cataract,
prior ocular surgery, refractive error less than - 6.00 diopters (D)
and more than +3.00 D, and ocular diseases such as epiretinal
membrane, diabetic retinopathy, hypertensive retinopathy, uveitis,
and glaucoma that can affect the macular thickness.

All patients underwent comprehensive ophthalmological
examinations including measurements of the refractive errors, best-
corrected visual acuity (BCVA) with a Landolt chart at 5 m, axial
length by IOL Master (Carl Zeiss Meditec Inc, Dublin, California,
USA), and the intraocular pressure with a Goldmann applanation
tonometer. In addition, all patients were examined by SD-OCT and
slit-lamp biomicroscopy with either contact or noncontact lenses
under pupil dilation.

The SD-OCT examinations were performed on all eyes with the
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Cirrus HD OCT (Carl Zeiss Meditec Inc, Dublin, California, USA)
to obtain images of the vitreoretinal interface. The scans were
performed with the high-definition mode composed of 5 B-scans,
4096 A-scan resolution, 0.25-mm interval between the neighboring
B-scans, and 6X6-mm macular cube scans centered on the fovea.
Only images with signal intensities of 7 or more obtained by
experienced optometrists were used for the analyses.

The vitreoretinal interfaces were classified into the different types
using the methods described by the International Vitreomacular
Traction Study Group [7]. A vitreomacular separation was
considered to be present when the vitreous was detached from
the macula regardless of an attachment at the optic nerve head.
The eyes with a vitreomacular separation were subdivided into
2 types; those with a foveal deformation with an anatomical
distortion of the foveal surface, and those with a normal
contour type without foveal surface deformation. In contrast,
a vitreomacular adhesion was defined to be present when a
posterior vitreous cortex attached to the macula regardless of
a vitreous detachment at the perifoveal regions. The eyes with
a vitreomacular adhesion were subdivided into 2 types; the
vitreomacular traction type with foveal shape distortions due
to the traction, and the normal contour type without macular
deformations. In addition, the eyes were further divided by the
size of vitreous adhesion; focal (<1500 um) or broad (21500 um)
(Figure 1 a-e).

The average macular thicknesses in the subfields within a
6-mm diameter circle centered on the fovea were determined
by Cirrus HD OCT as defined by the Early Treatment Diabetic
Retinopathy Study. The subfields included nine regions : central
foveal region and the superior, temporal, inferior, and nasal
quadrants of the inner and outer rings surrounding the central
foveal region. In addition, the central minimum thicknesses were
manually measured, which were defined as the distance between
the vitreoretinal interface and the anterior border of the highly
reflective line representing the retinal pigment epithelium.

The statistical differences of the categorical data between
each group were evaluated by chi-square tests and the paired
numerical data were analyzed by t tests. The age, sex, axial length,
and average macular thicknesses were compared by analyses of
variance with the Fisher post hoc tests. Univariate and multivariate
regression analyses were used to determine the association of
the average foveal thickness and the central minimum thickness
with the sex, age, axial length, and the presence or absence of a
vitreomacular separation. For multiple linear regression analyses,
the parameters with suggestive significant associations in the
univariate analysis (P <0.10) were included. Statistical analyses of
the data were carried out using Statview software version 5.0 (SAS
Institute, Inc, Cary, North Carolina, USA) . A P <0.05 was accepted
as statistically significant.

Results

Table1 shows the baseline characteristics of the 308 eyes of 308
healthy subjects in the healthy group and 298 normal fellow eyes
of 298 patients in the MH group. The mean age in the healthy
group was 67.3 + 9.6 years (range : 40-88 years) and 67.8
+ 7.0 years (range : 43-91 years) in the MH group (P >0.05).
There were significant differences in the sex distributions and the
axial lengths between the two groups (P = 0.006 and P = 0.004,
respectively).

A vitreomacular separation was observed in 174 eyes (58.4%) in
the MH group and 149 eyes (48.4%) in the healthy group. A foveal
deformation was observed in 87 eyes (50.0%) in the vitreomacular
separation with a MH group which was significantly higher than 15
eyes (10.1%) in the healthy group with vitreomacular separation (P
<.001). In addition, a vitreomacular traction was observed in 36
eyes (29.0%) in the MH group with a vitreomacular adhesion, and
it was observed in only 2 eyes (1.3%) in the healthy group with a
vitreomacular adhesion (P <.001).

Table 2 shows the macular thicknesses in eyes with vitreomacular
adhesion and separation. In the healthy group. the central
minimum thickness was significantly thinner in eyes with
vitreomacular separation (196 pum) than in eyes with vitreomacular
adhesion (205 um). The mean age was significantly lower in
the vitreomacular adhesion group (63.4 years) than in the
vitreomacular separation (71.4 years; P <.001). The percentage
of women in the vitreomacular adhesion group was significantly
lower (48.4%) than in the vitreomacular separation group (61.7%;
P=0.02).
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In the MH group, both the average foveal thickness and the central
minimum thickness were thinner in the eyes with a vitreomacular
separation than in the eyes with vitreomacular adhesion (234 um
versus 247 pm for the average foveal thickness; 177 pum versus
199 um for the central minimum thickness). The differences
in the average foveal thicknesses between the vitreomacular
adhesion and the vitreomacular separation groups were larger
in the MH group (12.2 um) than in the healthy group (3.9 pm).
Similar findings were observed for the differences of the central
minimum thicknesses between vitreomacular adhesion and the
vitreomacular separation groups; 22.3 um in the MH group and 9.1
um in the healthy group.

Table 3 shows the demographics of the healthy group based on
the vitreomacular interface. The age, sex distribution, average
foveal thickness, and central minimum thickness were significantly
different for each type of vitreomacular interface (P <.001, P =
0.02, P < .001, P <.001, respectively by analysis of variance).
When only the eyes with normal contour were compared, the
central minimum thicknesses were significantly thinner in eyes with
vitreomacular separation compared to eyes with vitreomacular
adhesion (199 pm vs. 205 um, P <0.05). No significant differences
were observed in the average inner and outer rings of each
group. Table 4 shows the demographics of the MH group based
on the vitreomacular interface. When only the eyes with normal
contour were compared, the central minimum thicknesses
were significantly thinner in eyes with vitreomacular separation
compared to eyes with vitreomacular adhesion (184um vs. 198
um, P<0.05).

Table 5 shows univariate and multiple regression analyses of
all eyes. In the healthy group, the average foveal thickness was
significantly affected by the sex (P =0.001) and the axial length
(P < .001). The central minimum thickness was significantly
correlated with the presence of vitreomacular separation (P <
.001).

Table 6 shows univariate and multiple regression analyses in the
MH group. The average foveal thickness was significantly affected
by the sex (P <.001), the axial length (P = 0.04) and the presence
of vitreomacular separation (P <.001). The central minimum
thickness was significantly affected by the sex (P =0.002) and the
presence of vitreomacular separation (P <.001).

Table 7 and Table 8 show univariate and multiple regression
analyses in the healthy group and in the MH group, respectively,
using the data only from normal contour eyes. In the healthy
group, the central minimum thickness was significantly affected
by the presence of vitreomacular separation (P =0.0093). Also,
in the MH group, the average foveal thickness and the central
minimum thickness were significantly affected by the presence of
vitreomacular separation (P =0.025 and P=0.008, respectively)
Discussion

We determined the effects of vitreomacular separation on macular
thickness in the healthy subjects and the normal fellow eyes of
MH patients. The average foveal and central minimum thicknesses
were thinner in eyes with vitreomacular separation than in eyes
with vitreomacular adhesion. In contrast, there were no differences
in macular thicknesses at the perifoveal region. These results
indicated that the significant retinal thinning occurred only at the
foveal region after the vitreomacular separation. However, the
macular thickness decrease at the fovea appeared to be greater
in the fellow eyes of the unilateral MH patients than in the healthy
eyes.

Age-related PVDs in healthy eyes develop initially as a localized
perifoveal detachment of the posterior hyaloid membrane with
a persistent adhesion to the fovea and optic nerve head [4-
6]. The detachment slowly expands and eventually results in a
vitreomacular separation but the vitreopapillary adhesion remains.
After the vitreous separation from the fovea, operculum-like
structures are often seen in the detached hyaloid membrane with
a deformation of the foveal surface in the OCT images (Figure 1 ).
Two distinct types of opercula have been reported in eyes with
stage 3 MH; a pseudo-opercula containing only glial tissue, and a
true opercula containing both glial and foveal neural tissues [26].
Although it is not certain whether an operculum-like structure in
healthy eyes with a vitreomacular separation and in stage 3 MH
eyes are the same, it is possible that an avulsion of foveal tissue
might have occurred during the development of the vitreomacular
separation in the healthy eyes resulting in the foveal thinning and
deformation [3, 11-12].

We reported in an earlier study that the incidences of superficial
foveal deformation associated with vitreomacular traction and
vitreomacular separation were higher in the normal fellow eyes
of unilateral MH patients than in the eyes of healthy subjects
[8]. Similar results were obtained in this study; the incidences of
vitreomacular traction and foveal deformation were significantly
higher in MH group (29% and 50%, respectively) than in healthy
group (1% and 10%. respectively). Also, the incidence of focal
vitreomacular adhesion (<1500 um) was higher in MH group than
in healthy group (49% versus 15%). These results suggest that the
eyes of unilateral MH patients have stronger vitreofoveal adhesion
than the eyes of healthy subjects.

The foveal thinning after vitreomacular separation may be related
to the arrangement of the Muller cell processes which make
up most of the inner third of the foveolar center, termed as the
Mller cell cone [27]. The most common appearance of a MH
is a horizontal foveal split resulting in a pseudocyst [1-3]. An un-
roofing of a foveal pseudocyst cause a lamellar hole if the base of
the pseudocyst is preserved. A full-thickness MH will develop if the
outer retinal layer is disrupted during the process of a horizontal
foveal split. Gass suggested that an avulsion of the Mdller cell cone
can lead to a full-thickness MH [27]. The physiological process of
the development of a vitreomacular separation could remove the
superficial part of the Mdller cell cone.

A decrease in the central minimum thickness after vitreomacular
separation was also found in eyes with normal foveal contour in
both the healthy and the MH groups. Thus, there appears to be
some mechanism by which an avulsion of foveal tissue causes
foveal thinning. A possible mechanism for this is the release of
traction exerted by the adhesion of posterior hyaloid membrane
[28]. In addition, Ooto et al suggested that a subclinical vitreous
traction may cause foveal thickening [20].

Another possible reason for the decrease of average foveal and
central minimum thicknesses after vitreomacular separation
may be the age-related macular thinning because the average
age of patients with a vitreomacular separation was significantly
higher than those without a vitreomacular separation. Previous
SD-OCT studies showed that the macular thickness was
significantly correlated with age, sex, and axial length with regional
variations [20-21, 23]. Histological studies of human retinas
have demonstrated a decrease in density of photoreceptors
and retinal ganglion cells in older individuals [29-30]. However,
several studies have found that the central minimum thickness
was not correlated with age, although the foveal and the inner
and outer ring thicknesses decreased as the mean age increased
[20-21]. In this study, multiple regression analyses showed no
significant correlation between the age and the average foveal
and central minimum thicknesses suggesting that involvement of
the age-related macular thickness changes were not significant
factors influencing the decrease of the foveal thickness after a
vitreomacular separation.

Although the strengths of this study include the large sample size
and the use of SD-OCT, our study had several limitations. First,
this was a retrospective clinic-based study in which selection bias
was inherent. Second, because of the cross sectional nature of
this study, the data did not provide definite information about a
cause-and-effect relationships between the macular thickness and
the factors studied. Third, evaluations of the SD-OCT findings and
the measurement of central minimum thickness were subjective.
Finally, only Japanese patients were studied, so the results may be
different in other ethnic population.

In conclusion, a vitreomacular separation is associated with a

thinning of the fovea in both healthy eyes and the normal fellow

eyes of patients with a unilateral MH. In addition, the effects of a

vitreomacular separation on the foveal thicknesses were greater

in the normal fellow eyes of unilateral MH patients than in the

healthy subjects. Further longitudinal studies are needed to

confirm the effects of a vitreomacular separation on the macular

thickness.
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Abstract

Purpose :

To report a patient whose foveal avascular zone (FAZ) decreased
after vitrectomy with internal limiting membrane (ILM) peeling.
Methods :

A 58-year-old woman underwent successful phacovitrectomy with
ILM peeling for a thin epiretinal membrane in an eye with a normal
foveal contour. Optical coherence tomography angiographic en
face images of the 3 mm x 3 mm superficial and deep inner retinal
vascular plexuses were examined preoperatively, and on days 1,
2, 9, and 37 postoperatively. The changes in the FAZ areas and
the thicknesses of the parafoveal retinal layers at 0.5 mm from the
foveal center were assessed in the vertical and horizontal B-scan
images.

Results :

The areas of the superficial and deep FAZ decreased after the
surgery. The course of the postoperative decrease of the FAZ area
in the superficial plexus can be fit by a hyperbolic curve (R>=0.993).
An increase in the thicknesses of the retinal nerve fiber layer,
ganglion cell-inner plexiform layer, and inner nuclear layer was
observed at all times postoperatively.

Conclusions :

We observed one case that the FAZ area decreased and the
parafoveal inner retinal thickness increased after the vitrectomy
with ILM peeling. The decrease in the FAZ area suggests that a
centripetal movement of the inner retinal layer is probably due to
the ILM peeling.

Introduction

The foveal avascular zone (FAZ) is a capillary-free area bordered
by the foveal capillaries running in the inner retinal layers. Optical
coherence tomography angiography (OCTA) was recently
introduced as a noninvasive method that can obtain en face
images of both the superficial and deep capillary plexuses.’

The size of the FAZ area is correlated with the sex,? age,”® and
foveal thickness.>®’ ' However, the effect of internal limiting
membrane (ILM) peeling on the FAZ area has not been well
determined. Thus, the purpose of this study was to determine the
effect of vitrectomy with ILM peeling on the size of the FAZ. To
accomplish this, we performed vitrectomy with ILM peeling on an
eye with a thin epiretinal membrane (ERM) and a normal foveal
contour. The OCTA en face images of the superficial and deep
retinal vascular plexuses were examined preoperatively, and at
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days 1, 2, 9, and 37 postoperatively.

Case Report

A 58-year-old woman presented with a slight decrease in vision in
her right eye (20/25) of 1 year duration. Ophthalmoscopy showed
that she had a thin ERM over the fovea. The patient underwent
phacoemulsification, intraocular lens implantation followed by
vitrectomy, ERM peeling, and brilliant blue G-assisted ILM peeling
within the vascular arcade. After the surgery, her visual acuity
improved to 20/20 at day 37 postoperatively. A patient did not
have systemic risk factors such as diabetes mellitus or uncontrolled
hypertension that could affect the retinal morphology. Also, she
did not have ocular diseases such as myopia, glaucoma, age-
related macular degeneration that could affect retinal morphology
except for a thin ERM.

A written informed consent was obtained from a patient to
collect data and to use accompanying images and data for future
research study with the care not to publicize patient’s name and
initial anywhere.

The sequential changes of the foveal morphology were determined
by swept-source optical coherence tomography (SS-OCT) with
the DRI OCT-1 instrument (Topcon, Atlantis, Tokyo, Japan). The
scans were performed with the angioretina mode to obtain 3
mm x 3 mm en face images of the superficial and deep vascular
plexuses. The retinal surface maps were reconstructed from the
3-dimensional cube scans. The FAZ area was measured by manual
delineation with the ImageJ software (National Institutes of Health,
ImageJ, Bethesda, MD, USA) .

The vertical and horizontal B-scan images through the foveal
center were analyzed to determine the thicknesses of the retinal
nerve fiber layer (RNFL), ganglion cell-inner plexiform layer (GCIPL),
inner nuclear layer (INL), outer plexiform layer (OPL), and outer
nuclear layer (ONL). Manual measurements were made of the
horizontal and vertical lines at 0.5 mm from the foveal center.

The sequential retinal surface maps and the OCTA images showing
the FAZ in the superficial and deep plexuses at each time are
shown in Figure 1. The surface maps showed an increase of the
parafoveal thickness up to day 9 postoperatively, and then only a
slight decrease in the thickness at day 37.

Analyses of the changes in the superficial plexuses showed
that the postoperative decrease of the FAZ area can be fit by a
hyperbolic curve (Figure 2; R? = 0.993) . The area of the FAZ of
the superficial plexus was 0.336 mm? preoperatively, and 0.285
mm? on day 1, 0.262 mm? on day 2, 0.212 mm? on day 9, and
0.209 mm? on day 37. The area of the FAZ in the normal fellow
eye was 0.378 mm? The OCTA images of the superficial and deep
plexuses and the horizontal cross sectional SS-OCT image of the
normal fellow eye are shown in Figure 3.

The sequential horizontal cross sectional SS-OCT images during
the follow-up period are shown in Figure 4. The preoperative
OCT image showed that the foveal contour was normal. After the
surgery, the parafoveal thickness was increased, and the foveal
contour became steeper.

The thickness of the different retinal layers preoperatively and
at day 37 postoperatively determined by the horizontal (top)
and vertical lines (bottom) at 0.5 mm from the foveal center are
shown in Figure 5. The thicknesses of the RNFL, GCIPL, and INL
were increased postoperatively.

Discussion

We presented a case in which the FAZ area decreased and the
parafoveal inner retina thickness increased after the vitrectomy
with ILM peeling on an eye with a thin ERM and a normal foveal
contour. There are three possible causes for the decrease of the
FAZ area.

First, the release of the traction by the ERM may have caused
the decrease. The preoperative surface maps showed that the
parafoveal region was thicker in the affected eye than in the
normal fellow eye although the foveal contour was normal. In
addition, the FAZ area of the affected eye was similar in size with
that of the normal fellow eye. It is possible that the thin ERM had
influenced the parafoveal thickness, but the FAZ size and the
foveal center thickness were unaffected. Thus, it seems unlikely
that the release of the traction caused the decrease in the FAZ
size.

Second, a growth of the capillaries toward the foveal center may
have occurred after the ILM peeling. During the development
of the human retina, the area of the FAZ is demarcated before
the foveal pit forms. The FAZ is first observed at 26 weeks of
gestation, and no vessel overgrowth is observed until birth.
The FAZ area expands to the adult size of 500 to 700 um at
15 months after birth as the foveal pit widens by remodeling.'?
No vessel overgrowth is observed during this process. It is less
likely that an extension of the capillaries inside the FAZ occurs
postnatally even after surgical procedures.

Third, the surgical procedures, ie, the vitrectomy and the ILM
peeling, may have caused the FAZ area to decrease in size.
Although it is difficult to distinguish the effects of each procedure,
the surgical procedures may be partly responsible for the FAZ area
decrease. The increase in the parafoveal inner retinal thicknesses
may be due to a transient subclinical macular edema resulting
from the ILM peeling.

The ILM peeling may cause a centripetal movement of the
parafoveal inner retinal layer. The foveal capillaries run in the inner
retinal layers, and the capillary network at the foveal margin forms
the FAZ border. The capillary network delineating the FAZ border
may have moved centripetally along with the inner retinal layers.
This suggestion may also help explain the postoperative increase
in the parafoveal thickness.

An inner retinal movement toward the foveal center would lead
to a reduction in the FAZ area and cause more retinal cells to be
packed in the parafoveal regions leading to an increase of the
retinal thickness. In fact, the smaller FAZ area has been reported
in other studies to be associated with an increase in the foveal
thickness.>¢”1" Also, an increase in the central macular thicknesses
has been reported after ILM peeling in eyes treated for several
macular diseases.'>18

One question raised from this possibility is why there is a
centripetal retinal movement after ILM peeling. The ILM may have
some intrinsic forces stretching the retina centrifugally and the
removal of ILM may eliminate such forces leading to a centripetal
movement. Additional studies need to be performed to determine
why this occurs.

The structural changes to the Mueller cells may be a key factor
influencing the inner retinal movement. The Mueller cells extend
vertically for the full thickness of the retina, except for the foveal
center, and they stretch eccentrically from the foveal center to
the parafoveal region.'® The footplates of the Mueller cells form
the ILM. Thus, the structural changes in the Mueller cells after ILM
peeling may be involved in the retinal movement.

The study has several limitations. First, the findings were made
on only one eye. Thus, the examinations of a larger number of
patients are needed. Second, longer follow-up periods and further
studies are needed to determine the effects on the functional
outcomes.

In conclusion, we observed a single case that FAZ area decreased

after vitrectomy with ILM peeling. It may indicate that surgery

can affect the morphology of the inner retina. However, the exact

mechanisms causing these changes were not determined from the

results of this single case. Our findings demonstrate the ability of

OCTA in providing en face images that can be used to analyze the

changes in the inner retinal area including the FAZ. Further studies

are needed to determine the underlying mechanisms for the retinal

movements.
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Abstract

Purpose :

To report the findings in three cases in which the average foveal
thickness was increased after a thin epiretinal membrane (ERM)
was removed by vitrectomy with internal limiting membrane (ILM)
peeling.

Methods :

The foveal contour was normal preoperatively in all eyes. All cases

Aiseikai Healthcare Corporation

underwent successful phacovitrectomy with ILM peeling for a thin
ERM. The optical coherence tomographic (OCT) images were
examined before and after the surgery. The changes in the average
foveal (Tmm) thicknesses and the foveal areas within 500um from
the foveal center were measured. The postoperative changes
of the inner and outer retinal areas determined from the cross-
sectional OCT images were analyzed.

Results :

The average foveal thickness and the inner and outer foveal areas
increased significantly after the surgery in each of the three cases.
The percentage increase in the average foveal thickness relative
to the baseline thickness was 26% in Case 1, 29% in Case 2, and
31% in Case 3. The percentage increase of the foveal inner retinal
area was 71% in Case 1, 113% in Case 2, and 110% in Case 3,
and the percentage increase of the foveal outer retinal area was
8% in Case 1, 13% in Case 2, and 18% in Case 3.

Conclusions :

The increase in the average foveal thickness and the inner and
outer foveal areas suggests that a centripetal movement of the
inner and outer retinal layers toward the foveal center probably
occurred due to the ILM peeling.

Introduction

Several authors have reported that the central fovea is thicker
after internal limiting membrane (ILM) peeling than without
ILM peeling.’ However, these studies were conducted on eyes
with macular diseases such as macular hole (MH),"? epiretinal
membrane (ERM),>* and macular edema.® The effects of ILM
peeling on the average foveal (Tmm) thickness in a normal healthy
eye has not been determined.

We performed vitrectomy with ILM peeling on these three eyes
with a thin ERM and a normal foveal contour. Optical coherence
tomography (OCT) was used to analyze the average foveal
thicknesses and areas before and after the surgery.

Methods

The 3 eyes underwent successful phacovitrectomy with removal
of the thin ERM and ILM peeling. The sequential changes in the
average foveal thickness were determined by swept-source optical
coherence tomography (SS-OCT; Topcon, DRI OCT-1 Atlantis,
Tokyo, Japan). A written informed consent was obtained from
all patients for data collections and the use of clinical data in
research studies. This study followed the tenets of the Declaration
of Helsinki and was approved by the Institutional Review Board of
Kami-iida Daiichi General Hospital.

The retinal surface maps were reconstructed from the
3-dimensional cube scans, and the macular cube scans were used
to measure average foveal thickness. The central and the inner four
sectors as defined by the Early Treatment Diabetic Retinopathy
Study (ETDRS) were analyzed. The outer four sectors were not
analyzed because of the presence of perifoveal subretinal fluid due
to rhegmatogenous retinal detachments (RRDs) in two eyes. The
ratio of the temporal to nasal thicknesses (T/N ratio) was used
to compare the temporal and nasal differences in the thicknesses
after the vitrectomy with ILM peeling.>®

The vertical and horizontal B-scan images through the foveal center
were used to measure the thicknesses of the different retinal
layers. The foveal areas of the horizontal and the vertical cross
sectional areas with a radius of 500um from the foveal center were
measured. This area was bordered vertically by the vitreomacular
interface and the ellipsoid zone of the photoreceptors and laterally
at 500um temporal, nasal, superior, and inferior to the foveal
center. The area from vitreomacular interface to the inner nuclear
layer was used to determine the foveal inner retinal area,” and the
remaining area from the outer plexiform layer to the ellipsoid zone
of the photoreceptors was used to determine the foveal outer
retinal area.

The foveal outer and inner areas were measured using horizontal
and vertical OCT cross sectional images of the foveal center to the
temporal, nasal, superior, and inferior margins located 500um from
the foveal center. The values at T mm section centered on a foveal
pit for horizontal and vertical OCT cross sections were averaged
to obtain measurements for the foveal sectors.

The OCT images of 1:1 um setting rather than 1:1 pixel settings
were used for the measurements of the areas of the fovea. The
areas were measured by manual segmentation with the ImageJ
software (National Institutes of Health, ImageJ, Bethesda, MD,
USA) . The areas of retinal selections for the foveal inner and
outer retinal areas are shown in Figure 1. The retinal areas were
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reported in mm?2.

Results

The clinical characteristics of the 3 cases are summarized in
Table 1. Three cases of thin ERM were adopted in our study
because the foveal contour was normal and the patients had no
systemic diseases resulting in retinal diseases such as uncontrolled
hypertension and diabetes mellitus. All of the cases underwent
phacoemulsification, intraocular lens implantation followed by
vitrectomy, ERM removal, and brilliant blue G (BBG) -assisted ILM
peeling within the vascular arcade. Cases 1 and 2 had a peripheral
RRD without macular detachment which was also treated during
the surgery. In these two cases, the retina was tamponaded
with SF6 at the completion of the surgery, and the patients
were instructed to maintain a face-down position for 1 week
postoperatively. The retina was reattached in both cases.

The sequential changes of the foveal area in the retinal surface
maps and OCT images of Case 1 are shown in Figure 2. The
diameter of the foveal pit became smaller, and the parafoveal
thickness increased starting from the first postoperative week. A
thinning in the temporal area and a thickening in the nasal area
were observed.

The vertical and horizontal B-scan images of Case 2 preoperatively
and at 6 months postoperatively are shown in Figure 3 (top right
and top left) . The vertical and horizontal B-scan images of Case 3
preoperatively and 1 month postoperatively are shown in Figure 3
(bottom right and bottom left).

The changes in the average foveal thickness during the follow-up
period for each case are shown in Figure 4. All of the eyes had an
increase in the average foveal thickness relative to the baseline.
The percentage increase at the final visit was 26% in Case 1, 29%
in Case 2, and 31% in Case 3, and the mean percentage increase
of 28.6%.

The thicknesses of the inner four ETDRS sectors preoperatively
and at the final visit postoperatively are shown in Figure 5 for each
case. The mean percentage increase was 2.0% (all 2.0%) in the
inner superior sector, -1.3% (range, -5 to 2%) in the inner temporal
sector, 3.0% (range, 1 to 5%) in the inner inferior sector, and 9.3%
(range. 8 to ~ 10%) in the inner nasal sector. The preoperative
T/N ratio was 0.97 in Case 1, 0.97 in Case 2, and 0.93 in Case
3, and the T/N ratio at the final visit were 0.87 in Case 1, 0.83 in
Case 2, and 0.88 in Case 3.

The foveal inner and outer retinal areas preoperatively and at the
final postoperative examination are shown in Figure 6 for each
case. The area from the foveal center to the four points 500um
away from the center (superior, temporal, inferior, and nasal) were
measured in the horizontal and a vertical OCT cross sectional
images. The measurements obtained at 1 mm including the foveal
center for both horizontal and vertical OCT cross sectional images
were averaged to obtain the foveal section areas. Both the inner
and outer retinal areas in each sector increased after the surgery
in the three cases. The mean percentage increase in the foveal
inner retinal area was 98.0% (range, 71 to 113%) in the foveal
section. The mean percentage increase of the foveal inner retinal
area was 89.3% in the superior sector, 126.3% in the temporal
sector, 94.3% in the inferior sector, and 114.0% in the nasal sector.

The mean percentage increase of the foveal outer retinal area
was 13.0% (range, 8 to 18%) in the foveal section. The mean
percentage increase of the foveal outer retinal area was 12.7% in
the superior sector, 15.0% in the temporal sector, 12.3% in the
inferior sector, and 25.3% in the nasal sector.

Discussion

Our results showed that the average thickness of the fovea and
the foveal inner and outer areas increased after the surgery in
the three eyes. The mean percentage increase was 28.6% for the
average foveal thickness, 98.0% for the inner retinal area, and
13.0% for the outer retinal area. These increases following the
vitrectomy with ILM peeling suggest that the increase may be
related to the ILM peeling.

In these three eyes, the surgical procedures included cataract
surgery, vitrectomy, ERM removal, and ILM peeling with a staining
of the ILM. A gas tamponade was used in the two cases with
a RRD. In another case series, we performed vitrectomy with
gas tamponade without ILM peeling in 17 eyes with a RRD and
a normal foveal contour. We observed no change in a shape
of the foveal pit (Unpublished data). We have also performed

phacovitrectomy, ERM removal with BBG staining but without
ILM peeling in a case of a thin ERM with a normal foveal contour.
We did not observe any change in a foveal pit shape in this case
(Unpublished data). It is more likely that the ILM peeling was the
major factor contributing to the increase in the average foveal
thickness and the smaller pit diameter. In addition, all three cases
had a decrease of the T/N ratio after the surgery. It is most likely
that the morphological changes in our cases were due to the ILM
peeling procedures.

Retinal swelling associated with ILM peeling may be one reason
for the increase in the average foveal thickness. The ILM is the
basement membrane of the Mueller cells, and the Mueller cells
play important roles in maintaining the physiology of the retina.
A swelling of the nerve fiber layer occurs after ILM peeling during
the early postoperative period.® Spaide stated that the removal of
the ILM facilitates the flow of fluid into the inner retinal layer from
the vitreous cavity because the ILM is a barrier for water transport
between the inner retina and the vitreous humor.* Therefore, the
foveal thickening during the early postoperative period might be
related to the retinal swelling. However, the retinal swelling theory
cannot explain the regional differences in the thickening such as
the thinning in the inner temporal ETDRS sector as shown in Figure
4. It seems unlikely that the retinal swelling was a major reason for
the increase in the average foveal thickness.

Movements of the retinal tissues associated with ILM peeling
is well recognized to occur after treatment for several retinal
diseases such as MH, 10121415 ERM,"! and diabetic macular
edema.® These retinal movements may contribute to the healing
processes after the surgery. Our three cases had a thin ERM but
the foveal contour was normal. Thus, changes in the average
foveal thickness in these cases were more likely caused by the ILM
peeling.

The average foveal inner retinal area increased after the surgery
in all cases. The mean percentage increase was 98.0% in the
foveal sector, and the mean percentage of increase at each of
the four surrounding sectors ranged from 89% to 126%. Similarly,
the foveal outer retinal area increased after the surgery in all
cases. The mean percentage increase was 13.0% in the foveal
sector, and the mean percentage increase at each of the four
surrounding sectors ranged from 13% to 25%. The increase of
the foveal area suggests that a lateral compression of the retinal
cells occurred at the foveal center after the inner and outer retinal
layers moved centripetally. We recently reported a case that
suggested a centripetal movement of the inner retinal layers from
the movement of the vessel bifurcation points after ILM peeling.'®
We also found a decrease in the size of the foveal avascular zone
(FAZ) occurred postoperatively as seen by optical coherence
tomography angiography in Case 3. The decrease in FAZ area
suggests that a centripetal movement of retinal layers occurs after
ILM peeling."”

Several studies have demonstrated a displacement of the fovea
towards the optic disc after ILM peeling.’®'2'®> The present three
cases also showed a reduction of the papillofoveal distances
suggesting a centripetal retinal movement and retinal displacement
toward the optic disc may have occurred simultaneously.

This study has several limitations. First, the findings were made
in only three eyes. Although the foveal contour was normal in
these eyes, the diagnosis for each eye was different (2 macula-
on RRDs and 1 ERM) . Further data collection with the eyes of
same diagnoses and non-ILM peeled controls are necessary to
draw a statistical conclusion on this study, since our current
data are simple calculations based on three cases. Second,
the postoperative observation period varied among the cases.
However, it is known that the average foveal thickness in ILM
peeled eyes remains thick even after the long-term follow-up
periods.!23561819

In conclusion, our cases had an increase in the average foveal
thickness and area after vitrectomy with ILM peeling. Our findings
suggest that a centripetal movement of the foveal inner and outer
retinal layers occurred after the ILM peeling. This centripetal
movement may be a key factor for better central visual acuity
after the ILM peeling. Further studies are needed to determine the
underlying mechanisms of these retinal movements.
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Abstract

Objective : To investigate the effects of vitreomacular adhesion
(VMA), vitreomacular separation (VMS), and absence of vitreous
gel due to vitrectomy on macular thickness measured in the
spectral-domain optical coherence tomographic (SD-OCT) images.
Design : A longitudinal, retrospective, observational study

Setting : Secondary, multicenter study.

Participants : Two hundred eighteen eyes of 218 healthy subjects
and 119 vitrectomized eyes of 119 patients were studied. The
healthy subjects were classified into a VMA group (54 eyes) and
a VMS group (164 eyes), while the vitrectomized patients were
classified into an ILM-on group (26 eyes) and an ILM-off group
(93 eyes). In all participants, two Cirrus HD-OCT recordings
were made with an average interval of 36 months (range, 24-60
months).

Primary and secondary outcome measures : The primary outcome
measure was the rate of change of the macular thickness in the
central sector. The secondary outcomes were the rates of change
in the macular thickness in the inner four sectors.

Results : The annual rate of change in the macular thickness of
the central sector was 0.76£1.8 ym/year in the VIMA group, -0.58
+2.3 um/year in the VMS group, -1.57£1.9 ym/year in ILM-on
group, and -0.86%+3.1 um/year in the ILM-off group. There was a
significant difference between the rate of central sector thickness
change in the VMA and VMS groups (P=0.0001). The presence
of VMA was a significant factor associated with an increase in the
central sector thickness (P=0.0055). When the healthy and ILM-
on groups were compared, the rate of a decrease in central sector
thickness was faster in the ILM-on group (P=0.0043). Multiple
regression analyses showed that not peeling the ILM during the
vitrectomy was a significant factor associated with a decrease in
the central sector thickness (P=0.044).

Conclusion : The presence of a VMA and a vitreous gel may help
restrain the macular thickness reduction.

Article summary

The rate of macular thickness changes was determined in eyes
with vitreomacular adhesion, with vitreomacular separation, and
without vitreous gel due to vitrectomy in the spectral-domain
optical coherence tomographic images. The macular thickness
increased in eyes with vitreomacular adhesion in all sectors,
while it decreased in eyes with vitreomacular separation and in
vitrectomized eyes.

Strengths and limitations :

- The patients in vitrectomized groups were examined at least 1
year after the vitrectomy when the confounding effects of surgery
were somewhat mitigated.

- The vitrectomized group had concomitant diseases that were
treated during the surgery and this may have influenced the
changes in the macular thickness independent of the vitreous
separation.

- The sample size was different in each group with the ILM-on
group being the fewest with 26 eyes.

INTRODUCTION

Histological studies have demonstrated that the thickness of the
retinal ganglion cell and nerve fiber layers decrease with increasing
age.'? The results of several optical coherence tomographic (OCT)
studies have shown that aging has different effects on the retinal
thickness.> The disparities among these reports may be due to
the differences in the characteristics of the subjects, the types of
OCT devices used, the retinal thickness parameters measured, and
study design.

The resolution of the spectral-domain optical coherence
tomographic (SD-OCT) instruments have improved with faster
scanning speeds compared to time-domain OCT instruments.'®
The most valid approach to examine the age-related reductions
in the macular thickness is to examine the serial changes in the
same eyes over time, i.e., a longitudinal study instead of a cross
sectional study.

We hypothesize that the presence of vitreous gel prevents a
decrease in macular thickness. Thus, the purpose of this study
was to determine the rates of change in the average macular
thicknesses in four groups of eyes; eyes with a vitreomacular
adhesion (VMA), eyes with a vitreomacular separation (VMS),
eyes after vitrectomy with ILM peeling (ILM-off), and eyes after
the vitrectomy without ILM peeling (ILM-on). To accomplish this,
SD-OCT images were obtained by the Cirrus HD-OCT with the
macular change analysis program. The images were collected from
each eye at two time points with an average interval of 36 months.
The rate of change in the different macular sector thickness was
determined for these four groups.
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MATERIALS AND METHODS

Participants

This was a longitudinal, retrospective study of subjects who
were examined at the Shinjo Ophthalmologic Institute, Kami-iida
Daiichi General Hospital and the Nishigaki Eye Clinic from October
2007 through December 2015. The subjects consisted of healthy
controls and the patients who had undergone vitrectomy. The
healthy controls (healthy group) were the patients who were
being followed because of a cataract and did not have any retinal
diseases. The healthy group was classified into a VMA group
consisting of 54 eyes and a VMS group consisting of 164 eyes. The
VMA status was confirmed to be the same in each of the SD-OCT
image in all subjects of the healthy group.

The subjects without vitreous gel (vitrectomized group) had
undergone vitrectomy with or without ILM peeling for several
types of retinal diseases. The first measurement was made at least
1 year after the vitrectomy. The vitrectomy was performed on 110
eyes with a macular hole (MH), 5 eyes with a rhegmatogenous
retinal detachment without involvement of the macula, and 4 eyes
with vitreous hemorrhage.

A signed informed consent was obtained from all the participants
for the procedures used during the examinations. The Ethics
Committee of each hospital approved the protocol for this study,
and all of the procedures adhered to the tenets of the Declaration
of Helsinki.

Examinations

Each of the participant had a comprehensive ophthalmological
examination including measurements of the refractive error, best-
corrected visual acuity (BCVA) with a Landolt chart at 5 m, axial
length by ocular biometry (IOL Master; Carl Zeiss Meditec), and
intraocular pressure with a Goldmann applanation tonometer.
In addition, the eyes were examined by slit-lamp biomicroscopy,
dilated indirect slit-lamp biomicroscopy with and without contact
lenses, indirect ophthalmoscopy, and SD-OCT.

Inclusion and Exclusion Criteria

The inclusion criteria for both groups were OCT image signal
intensity =7, axial length <28.00 mm, and age =56-years at the
time of the first OCT measurements. The inclusion criteria for the
healthy group were BCVA =20/20, no significant cataract, and
normal foveal contour. The inclusion criteria for the vitrectomized
group were outpatient visit continued >3 year after the vitrectomy
with OCT images available at each visit and the VMA status
remain unchanged at these visits.

The exclusion criteria for both groups were persistent centering
and segmentation errors. In addition, the subjects with any ocular
or systemic disorders that could affect the retinal thickness,
e.g.. glaucoma, optic nerve diseases, and diabetes mellitus
were excluded. The exclusion criteria only for the healthy group
were unclear VMA status, i.e., cases in which full adhesion or
detachment of the posterior vitreous could not be determined,
vitreomacular traction, foveal deformation, and the change in VMA
status at second OCT scan. The exclusion criteria only for the
vitrectomized group was outpatient visit continued <3 year after
the vitrectomy.

Surgical Treatments

All surgeries were performed by one surgeon (NO). All phakic
patients underwent pars plana vitrectomy with phacoemulsification
and implantation of a posterior chamber intraocular lens. The
posterior hyaloid membrane and vitreous gel were removed,
and the ILM was made visible with triamcinolone acetonide and
peeled for three disc diameters around the fovea. ILM peeling was
performed on 93 eyes on all eyes with a MH, and the ILM was not
peeled in 26 eyes. In the MH eyes, sulfur hexafluoride gas was
used for tamponade, and the patients were instructed to maintain
a prone position for 7 days.

HD-OCT Recordings

The Cirrus HD-OCT (Carl Zeiss Meditec Inc, Dublin, California,
USA) was used to obtain axial images of the vitreoretinal interface.
At least 5 B-scan images of 6 mm in length passing through
the fovea along the horizontal and vertical axes were recorded
with 4096 A-scan resolution and 0.25-mm intervals between
neighboring B-scans. The average regional thicknesses of the Early
Treatment Diabetic Retinopathy Study (ETDRS) sectors and 6 x
6-mm macular cube scans were composed of 200 B-scans and
200 A-scans centered on the fovea. Experienced OCT examiners
scanned the retina at least 3 times to obtain images with signal
intensity of =7. The images with centering or segmentation errors
were excluded. The retinal thickness was automatically measured
with the vitreoretinal interface as the inner border of the retina

and the anterior border of the RPE as the outer border of the
retina.

The average increase or decrease in the retinal thickness/year was
determined using the Cirrus macular change analysis program.
The macular change analysis program compares the OCT scans
from consecutive examinations. The retinal alignment was based
on the vessel landmarks to the initial OCT images. which was
done automatically. The analyses were made on the central and
the inner four ETDRS sectors with a mean interval of 36 months
(range, 24-60 months) between two observational scans. For the
vitrectomized group, a first OCT scan was recorded at least 1 year
after the vitrectomy. Then, a second OCT scan was recorded at
least 2 years after the first scan. Therefore, all patients from this
group were examined for at least 3 years after the vitrectomy.
When several OCT scans were available from the same patient,
only the latest scan was selected for the analysis.

Statistical Analyses

Unpaired t tests were used to determine the significance of the
differences in the numerical data, and chi-square tests were
used for the categorical data between each group. Multivariate
regression analyses were used to determine the associations
between the rate of macular thickness change and the clinical
factors, e.g., sex, age, axial length, presence of VMA, and ILM
peeling. A P value <0.05 was accepted as statistically significant.
Statview software version 5.0 (SAS Institute, Inc, Cary, North
Carolina, USA) was used for the statistical analyses.

RESULTS

The baseline characteristics of the subjects and the mean rates of
macular thickness change in the VMA, VMS, ILM-on, and ILM-off
groups are shown in Table 1. The MHs were closed in all 110 eyes
after the vitrectomy, and no surgical complications were observed
in the vitrectomized group. For the healthy group, the central and
inner four sectors were significantly thinner in the VIMS group than
in the VIMA group. For the vitrectomized group, the rate of macular
thickness decrease in the central sector was faster in the ILM-on
group than in the ILM-off group. In contrast, the rate of macular
thickness decrease in the inner four sectors was slower in the ILM-
on group than in the ILM-off group, but the decrease was only
significant in the inner inferior sector (P = 0.032). The subjects
in the VIMIS group were significantly older than those in the VMA
group (P <0.0001).

Table1. Baseline characteristics and macular thickness changes
Healthy group Vitrectomized group
VMA VMS ILMon  ILMoff
(n=54) (n=164) Pvalue (n=26) (n=93) Puvalue
Womenno. (%)  31(57.4) 118(72.0) 0.046* 14(53.8) 66(71.0)  0.10°
Age (years) 652464 69.3+6.5 <0.0001° 699173 684460  0.27°
range (56-84)  (56-86) (56-80)  (57-80)
Axial length (mm)  235%1.2 23612 095°  241£16 233+1.3  0.012°
Range (21.0-26.1) (21.3-27.1) (22.1-27.0) (21.5-27.7)
Sectors (um/year)
Central 0.76+1.8 -0.58+2.3 0.0001° -1.57+19 -0.86+3.1  0.27°
inner superior ~ 0.231.8 -0.97£2.1 0.0002° -1.95%2.0 -2.14£23  0.69°
inner temporal  0.096£1.6 -0.92+2.1 0.0016° -1.51£1.8 -2.47+23  0.054°
inner inferior ~ 0.20£1.5 -1.13+2.1 <0.0001° -1.2941.8 -2.40£2.4  0.032°
inner nasal 0.072£1.6 -0.94+2.0 0.0011° -1.51£19 -1.72425  0.68°
VMA=vitreomacular adhesion @ Chi-square test
VMS=vitreomacular separation  ° Unpaired t test
ILM=internal limiting membrane

The results of the multiple regression analyses for macular
thickness changes among the healthy group are shown in Table
2. The presence of VMA was a significant factor associated with
the increase in macular thicknesses in all sectors (P <0.0002 to
0.0055).

Table 2. Multiple regression analysis for macular thickness changes among healthy group
central superior temporal inferior nasal

B Pvalue B Pvalue B Pvalue B Pvalue B Pvalue

Women -0.041 058 -0.022 076 -0.066 0.38 -0.056 045 -0.016 083

Age 011 013 -0.085 0.23 -0.032 066 -0.060 0.40 -0.030 068

Axial length  -0.13 0.087 -0.12 0.12 -0.088 0.5 -0.073 0.33 -0.077 031

Presvel\r/‘\;ed 020 00055 024 0001 020 00048 0.27 0.0002 0.22 0.0021

VMA=vitreomacular adhesion

The results of the multiple regression analysis for macular
thickness changes in the vitrectomized group are shown in Table
3. The ILM peeling was a factor significantly associated with a



decrease in macular thicknesses in the inner temporal and inferior
sectors (P = 0.0096 and P = 0.0047, respectively). The central
sector thickness was not affected by the ILM peeling (P = 0.58).

Table 3. Multiple regression analysis for macular thickness changes among vitrectomized group
central superior temporal inferior Nasal

B Pvalue B Pvalue B Pvalue B Pvalue B Pvalue

Women -0.005 096 0.15 0.15 0.024 081 0.10 032 010 032

Age -0.19 0.053 -0.19 0.048 -0.17 0.083 -020 0038 -0.079 042

Axial length -0.058 060 -0.18 0.11 -0.21 0059 -0.13 021 -0.22 0.049

ILM peeling 0.054 058 -0.13 0.7 -0.25 0.0096 -0.27 0.0047 -0.11 025

ILM=internal limiting membrane

The baseline characteristics and macular thickness changes in the
healthy and the ILM-on groups are shown in Table 4. The rate of
macular thickness decrease was significantly faster in the ILM-on
group than in the healthy group (VMA-+VMS groups).

Table 4. Baseline characteristics and macular thickness changes in
healthy and ILM-on group

Healthy ILM-on
(n=218) (n=26) p value
Women no. (%) 149 (68.3) 14 (53.8) 0.142
Age (years) 65.3%£6.7 69.9+7.3 0.24°
range (56-86) (56-80)
Axial length (mm) 23.6+1.2 241+1.6 0.035°
range (21.0-27.1) (22.1-27.0)
Sectors (um/year)

Central -0.25%2.2 -1.57%£1.9 0.0043°
inner superior -0.68+2.1 -1.95+£2.0 0.0038°
inner temporal -0.67£2.1 -1.51£1.8 0.046°

inner inferior -0.80£2.1 -1.29+1.8 0.24°
inner nasal -0.69+2.0 -1.51+1.9 0.049°

ILM=internal limiting membrane
aChi-square test
®Unpaired ¢ test

The results of the multiple regression analysis for macular
thickness changes in the healthy and the ILM-on group are shown
in Table 5. The rate of decrease in the macular thickness was
significantly faster in the central and the inner superior sectors of
the ILM-on group (P = 0.044 and P = 0.028, respectively).
Table 5. Multiple regression analysis for macular thickness changes in healthy and ILMon group
central superior temporal inferior nasal
B Pvalue B Pvalue B Pvalue B Pvalue [ Pvalue
Women -0.058 042 -0.019 079 -0.079 028 -0.081 027 -0.025 0.73
Age -0.16 0.017 -0.13 0.058 -0.064 035 -0.12 0.087 -0.066 0.33
Axiallength -0.13 0.083 -0.16 0.028 -0.10 0.18 -0.086 025 -0.12 0.1
ItM-on  -0.14 0.044 -0.15 0.028 -0.11 0.092 -0.056 041 -0.11 0.10

ILM=internal limiting membrane

The rates of macular thickness changes in the central sectors are
shown in Figure 1. The thickness of the central macular sector
increased in the VMA group, while it decreased in the VMS,
ILM-on, and ILM-off groups. The decrease in the central sector
thickness was fastest in the ILM-on group.

Also, we have provided Supplementary Table 1-5 showing the data
from Table1-5 in percentage of the macular thickness changes.
DISCUSSION

We determined the rates of macular thickness change in the
central and inner four ETDRS sectors obtained by the Cirrus
macular change analysis program from longitudinal measurements
of the healthy and the vitrectomized subjects. The macular change
analysis program compared the thickness of identical macular
regions so even slight changes in the macular thickness over time
could be detected.

The macular thickness increased in all sectors in the VMA group
with the rates ranging from 0.072 to 0.76 pym/year. Batta et al'®
suggested that the retinal nerve fiber layer (RNFL) is thicker in
patients with a partial posterior vitreous detachment (PVD) than
in controls without a partial PVD. Vitreous traction on the macular
area may be the reason for the increase in macular thickness.’®
In contrast, the macular thickness decreased in all sectors of the
VMS group with the rates ranging from -0.58 to -1.13 um/year.
Multiple regression analyses showed that the presence of VMA
was a significant factor that restricted the reduction of the macular
thickness in all sectors. This suggests that the presence of the
vitreous gel and VMA may be factors restraining the age-related
reduction of the macular thickness.

Aiseikai Healthcare Corporation

In the VMS group, the mean rate of change in the central sector
was slower at -0.58 pm/year than the inner four sectors at -0.92
to -1.13 um/year. The extrafoveal thickness decreased more with
aging than the central foveal thickness. The reason for this is
the anatomical effects of aging on the macular region. The inner
retinal layer is thinnest in the central fovea while the outer retinal
layer is thickest in this area.” The inner retinal thickness over the
whole macular area decreased with aging while the outer retinal
thickness did not decrease with aging.'> Therefore, some authors
have reported that the extrafoveal thickness which is affected by
the inner retinal thickness decreased with aging,>¢%'%12 while the
central foveal thicknesses did not change with aging.*7-14

Other authors have reported that the central foveal thickness
increases with increasing age.>'®'"" The significant differences in
the mean ages of the VMA and VMS groups may have affected our
results. However, the multiple regression analyses of the healthy
group showed that the age was not significantly associated
with the macular thickness. Instead, the presence of VMA was a
significant factor associated with the macular thickness increase
of each sector. The results of the earlier studies showed that the
central foveal thickness increased with increasing age in both VIMA
and VMS groups. Thus, the proportion of the individuals with VMA
may be higher in these reports leading to the observed increase in
central sector thickness.

In the vitrectomized group, the macular thickness decreased in
all of the sectors. The rate of macular thickness decrease was
faster in the central sector of the ILM-on group at -1.57 um/
year. In contrast, the rate of decrease was faster in the inner four
sectors of the ILM-off group at -1.72 to -2.47 um/year. ILM peeling
tended to increase the rate of macular thickness reduction in the
inner temporal and inferior sectors (Table 3). However, the ILM-
on group consisted of only 26 eyes (21.8% of all vitrectomized
eyes) . so the results may show significant differences in other
sectors if more data were available in this group.

The eyes with and without vitreous gel (the healthy group and
the ILM-on group respectively) were compared to analyze if the
presence of the vitreous gel prevented the decrease in macular
thickness. The ILM-off group was excluded from this comparison
because the macular thicknesses were shown to be significantly
affected by ILM peeling on Table 3. When the healthy and the ILM-
on groups were compared, all sectors except the inner inferior
sectors decreased at significantly faster rates in the ILM-on group.
In contrast, multiple regression analyses showed that leaving ILM-
on during the vitrectomy was significantly associated with the
decrease in the central and inner superior sector thicknesses.
Although there are differences in the rate of decrease in each
sector, the removal of vitreous gel seems to facilitate the macular
thickness decrease. Other factors contributing to the macular
thickness decrease may be surgical damage, natural course of the
disease, secondary glaucoma, and the absence of the vitreous gel
traction after the vitrectomy although it was difficult to measure
the effects of these factors unambiguously.

Although our study showed that the annual change in macular
thicknesses for each group was significant, the amount of change
was very small (mostly <1 pm). Our hypothesis was based on
the idea that the retinal oxygen distribution change occurring
after the vitreous gel removal will eventually lead to retinal
thinning. Vitrectomy leads to an increase in the retinal oxygen
concentration.”” Elevated intraocular oxygen levels tend to be
beneficial for the resolution of macular edema, but may contribute
to the development of nuclear cataract and primary open-angle
glaucoma.’®2% An intact vitreous gel may play an active role in
preventing retinal tissue damage from free oxygen radicals.'?°
As the vitreous gel undergoes liquefaction by aging or surgical
removal, the fluid that replaces the vitreous gel promotes a rapid
distribution of oxygen within the eye through fluid mixing'®2°
leading to a wider area of retinal tissue damages and thinning by
exposure to free radicals. Thus, we hypothesized that the presence
of vitreous gel may help restrain the age-related reduction of the
macular thickness. Still, the reason for the faster rate of macular
thickness reduction in the vitrectomized group compared to the
VMS group was not definitively determined.

Lee et al?’ reported that vitrectomy alone does not affect the
RNFL thickness. In our study, the subjects in the vitrectomized
group were those who had undergone vitrectomy for several
non-degenerative retinal diseases and were followed for at least
1 year after the surgery before the first OCT recordings were
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made. It is unlikely that damages from the vitrectomy affected
the mean rate of macular thickness change. Several studies
have reported on a significant association between open-angle
glaucoma and vitrectomy.?#?> The 1-year results of the Prospective
Retinal and Optic Nerve Vitrectomy Evaluation (PROVE) Study
showed an inferior peripapillary RNFL thinning indicating an early
glaucomatous damage was observed in vitrectomized patients.?®
In the current study, glaucomatous changes were not observed in
the vitrectomized group.

The strength of this study is that the patients in the vitrectomized
groups were examined at least 1 year after the vitrectomy when
the confounding effects of the surgery were somewhat mitigated.
There are several limitations to this study. First, the vitrectomized
group had concomitant diseases, mostly MHs, that were treated
during the surgery and this may have influenced the changes in
the macular thickness independent of the vitreous separation.
Second, we examined subjects who were =56-years-of-age, and
the rates of macular thickness reduction may not apply to younger
individuals. Third, the results need to be confirmed by a larger
sample size because the numbers of eyes in the VMA group as
well as in the ILM-on group were small. Fourth, we measured the
thickness of the entire retina, and did not measure the thickness
of each layer. Some authors have reported that individual retinal
layers were selectively affected by age.'>' Future studies should
be designed to determine whether the reduction in the macular
thickness is related to a specific retinal layer.

In conclusion, our results indicated that the age-related reduction
of macular thickness was influenced by the presence of a posterior
VMA and the presence of vitreous gel. We suggest that the VIMA
and vitreous gel may help restrain the age-related reduction of the
macular thickness. Further studies are necessary to confirm our
findings.

Acknowledgments : None

Competing Interests : None declared

Funding : This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Data sharing : No additional data available

Author contributions :

Study concept and design : Kumagai, Ogino

Acquisition of data : Kumagai, Ogino.

Analysis and interpretation of data : All authors

Drafting of the manuscript : Kumagai, Suetsugu

Critical revision of the manuscript for important intellectual
content : All authors.

Statistical analysis : Kumagai, Hangai, Ogino

Administrative, technical, and material support : Kumagai,
Furukawa, Ogino.

Final approval of the version to be published : All authors.
Supervision for accuracy and integrity of work : Hangai, Ogino.
REFERENCES

1. Balazsi AG, Rootman J, Drance SM, et al. The effect of age on
the nerve fiber population of the human optic nerve. Am J
Ophthalmol 1984; 97 : 760-6.

2. Gao H, Hollyfield JG. Aging of the human retina : differential
loss of neurons and retinal pigment epithelial cells. Invest
Ophthalmol Vis 5¢i 1992; 33 1 1-17.

3. Alamouti B, Funk J. Retinal thickness decreases with age : an
OCT study. Br J Ophthalmol 2003; 87 : 899-901.

4. Chan A, Duker JS, Ko TH, et al. Normal macular thickness
measurements in healthy eyes using Stratus optical coherence
tomography. Arch Ophthalmol 2006; 124 : 193-8.

5. Sung KR, Wollstein G, Bilonick RA, et al. Effects of age on
optical coherence tomography measurements of healthy
retinal nerve fiber layer, macula, and optic nerve head.
Ophthalmology 2009; 116 : 1119-24.

6. Eriksson U, Alm A. Macular thickness decreases with age in
normal eyes @ a study on the macular thickness map protocol
in the Stratus OCT. Br J Ophthalmol 2009; 93 : 1448-52.

7. Grover S, Murthy RK, Brar VS, Chalam KV. Normative data for
macular thickness by high-definition spectral-domain optical
coherence tomography (spectralis). Am J Ophthalmol 2009;
148 1 266-71.

8. Song WK, Lee SC, Lee ES, et al. Macular thickness variations
with sex, age, and axial length in healthy subjects : a
spectral domain- optical coherence tomography study. /nvest
Ophthalmol Vis 5¢i 2010; 51 : 3913-8.

9. Hirasawa H, Tomidokoro A, Araie M, et al. Peripapillary retinal
nerve fiber layer thickness determined by spectral- domain
optical coherence tomography in ophthalmologically normal
eyes. Arch Ophthalmol 2010; 128 : 1420-6.

10. Kashani AH, Zimmer-Galler IE, Shah SM, et al. Retinal thickness
analysis by race, gender, and age using Stratus OCT. Am J
Ophthalmol 2010; 149 : 496-502.

11. Duan XR, Liang YB, Friedman DS, et al. Normal macular
thickness measurements using optical coherence tomography
in healthy eyes of adult Chinese persons : the Handan Eye
Study. Ophthalmology 2010; 117 : 1585-94.

12. Ooto S, Hangai M, Sakamoto A, et al. Three-dimensional profile
of macular retinal thickness in normal Japanese eyes. Invest
Ophthalmol Vis 5¢i 2010; 51 : 465-73.

13. Ooto S, Hangai M, Tomidokoro A, et al. Effects of age, sex,
and axial length on the three-dimensional profile of normal
macular layer structures. Invest Ophthalmol Vis Sci 2011; 52 :
8769-79.

14. Leung CK, Yu M, Weinreb RN, et al. Retinal nerve fiber layer
imaging with spectral-domain optical coherence tomography :
a prospective analysis of age-related loss. Ophthalmology
2012; 119 :731-7.

15. Leung CK, Cheung CY, Weinreb RN, et al. Comparison of
macular thickness measurements between time domain
and spectral domain optical coherence tomography. Invest
Ophthalmol Vis 5ci 2008; 49 : 4893-7.

16. Batta P, Engel HM\, Shrivastava A, et al. Effect of partial posterior
vitreous detachment on retinal nerve fiber layer thickness as
measured by optical coherence tomography. Arch Ophthalmol
2010; 128 1 692-7.

17. Stefansson E, Novack RL, Hatchell DL. Vitrectomy prevents
retinal hypoxia in branch retinal vein occlusion. /Invest
Ophthalmol Vis Sci 1990; 31 : 284-9.

18. Holekamp NM. The vitreous gel : more than meets the eye. Am
J Ophthalmol 2010; 149 : 32-6.

19. Shui YB, Holekamp NM, Kramer BC, et al. The gel state of the
vitreous and ascorbate-dependent oxygen consumption :
relationship to the etiology of nuclear cataracts. Arch
Ophthalmol 2009; 127 : 475-82.

20. Beebe DC, Holekamp NM, Shui YB. Oxidative damage and the
prevention of age-related cataracts. Ophthalmic Res 2010;
44 1 155-65.

. Lee YH, Lee JE, Shin YI, et al. Longitudinal changes in
retinal nerve fiber layer thickness after vitrectomy for
rhegmatogenous retinal detachment. Invest Ophthalmol Vis
5ci2012; 53 1 5471-4.

22. Chang S. LXII Edward Jackson lecture : open angle glaucoma

after vitrectomy. Am J Ophthalmol 2006; 141 : 1033-43.

23. Luk FO, Kwok AK, Lai TY, et al. Presence of crystalline lens as
a protective factor for the late development of open angle
glaucoma after vitrectomy. Retina 2009; 29 : 218-24.

24. Siegfried CJ, Shui YB, Holekamp NM, et al. Oxygen distribution
in the human eye : relevance to the etiology of open-angle
glaucoma after vitrectomy. /nvest Ophthalmol Vis Sci 2010;
51:5731-8.

25. Lalezary M, Shah RJ, Reddy RK, et al. Prospective Retinal and
Optic Nerve Vitrectomy Evaluation (PROVE) study : twelve-
month findings. Ophthalmology 2014; 121 : 1983-9.

2

Similarity of symptoms between transient
epileptic amnesia (TEA) and Lewy body
disease (LBD)

Katsuyuki Ukai,"? Hiroshige Fujishiro,2 Masako Watanabe,?
Kenji Kosaka,* and Norio Ozaki?

' Kamiiida Daiichi General Hospital

2 Department of Psychiatry, Nagoya University Graduate School of Medicine
3 Shinjuku Shinkei Clinic

4 Clinic lan Center Minami

Abstract

Epilepsy with the main symptom of amnesia is known as transient
epileptic amnesia (TEA) . Dementia with Lewy bodies (DLB) is
the second most common form of neurodegenerative dementia.
The concept that Lewy body disease (LBD) includes Parkinson's
disease with dementia and DLB was proposed in the 2005 revision
of the Clinical Diagnostic Criteria. We describe a woman with
cognitive impairment, olfactory dysfunction, and reduced '?3I-meta-
jodobenzylguanidine uptake on myocardial scintigraphy. However,
the patient and her family/friends were unaware of parkinsonism,
visual hallucinations, or epilepsy for a long period. After syncope



occurred twice with a short interval, electroencephalography
revealed sharp waves from the bilateral frontal to parietal lobes,
indicating a diagnosis of TEA. The present case prompted us to
compare the symptoms of TEA with the clinical diagnostic criteria
for DLB, revealing their similarity. We also discuss whether LBD
may cause TEA, rather than these conditions showing an incidental
association.

INTRODUCTION

Amnesia caused by temporal lobe epileptic seizure is well known,
but another type of epilepsy with the main symptom of amnesia
also exists. In the late 1990s, Kapur et al. and Zeman et al.
reported on the clinical features of transient epileptic amnesia
(TEA)."® Patients with TEA almost always have an interesting
type of memory disorder, in which relatively long-term memory
(for several weeks and/or months) is more severely affected
than short-term memory (for several minutes and/or hours). This
characteristic memory disorder is labeled “accelerated long-term
forgetting (ALF)” .4

Dementia with Lewy bodies (DLB) is the second most common
form of neurodegenerative dementia, and it is characterized
by symptoms such as visual hallucinations, parkinsonism, and
olfactory dysfunction. Clinical diagnostic criteria for DLB were first
published in 1995.5 These criteria were revised in 2005, when
Lewy body disease (LBD) was proposed as an entity including
Parkinson’s disease with dementia (PDD) and DLB.® In the revised
criteria, PDD is differentiated from DLB by differences in the pattern
of onset of motor symptoms and dementia, but many investigators
have suggested that the two diseases are essentially the same and
share the same pathological basis.

Lewy body disease is characterized by neuronal accumulation of
alpha-synuclein and by the formation of Lewy bodies and Lewy
neurites throughout the body, including in the central nervous
system and the autonomic nervous system. Therefore, a variety of
neurological and/or mental symptoms can occur at each stage of
LBD.”

Here we report a female patient with memory disturbance similar
to ALF, who lacked the core features for diagnosis of DLB in the
2005 revised guidelines (parkinsonism and visual hallucinations) .
On the other hand, she had olfactory dysfunction and reduced
23l-meta-iodobenzylguanidine (MIBG) uptake on myocardial
scintigraphy.

The present case prompted us to compare the symptoms of TEA
with the 2005 clinical diagnostic criteria for DLB, revealing their
similarity. We suggest that clinicians should pay more attention to
the possible co-existence of TEA and LBD, because the symptoms
of both diseases are often similar and it can be difficult to detect
TEA in patients with LBD.

CASE REPORT

Written informed consent to the presentation of this report was
obtained from the patient and her family. Minor modifications to
the case details that did not interfere with important data were
made to preserve anonymity.

A 67-year-old woman attended our memory clinic in 200X. She
was on treatment with amlodipine besilate and pravastatin
sodium for hypertension and hyperlipidemia, respectively.
Electrocardiographic findings were within normal limits. She stated
that her memory had become faulty and she had forgotten many
actual events, such as having lunch with friends a few weeks ago,
traveling with a friend a few months ago, and causing a traffic
accident (without head trauma) while driving about four weeks
ago. Neurological findings were within normal limits. For example,
she could walk and turn quickly and had no rigidity of the
extremities, with no parkinsonism being evident. Her Mini-Mental
State Examination (MMSE) score was 29. Neither disorientation
nor constructive apraxia were evident. She completed the clock-
drawing test smoothly, and could correctly recall a sentence that
she had been asked to memorize about 30 minutes before. Her
Alzheimer’s Disease Assessment Scale-cognitive subscale (ADAS
J-cog) score was 1.34 and she did not have visual hallucinations.
Cranial magnetic resonance imaging (MRI) revealed no
abnormalities. The Voxel-based Specific Regional analysis system
for Alzheimer's Disease (VSRAD), which is a diagnostic aid for
this disease, gave a Z-score of 1.04 for her entorhinal region. The
patient apparently had disturbance of relatively long-term memory,
but not short-term memory, which affected her recall of events
from several weeks and/or months earlier. This type of memory
impairment was not typical of Alzheimer’s disease. She was asked
to undergo follow-up evaluation every six months.

In 200X+1, she presented again with her family. This time, she had
noted a decrease in the sense of smell, e.g., being unaware of the
smell of burnt fish while cooking, or being able to eat vegetables
which she previously thought had an unpleasant odor. Family
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members stated that she had difficulty with routine accounting
tasks, often showed fluctuation of cognitive function, and easily
became angry. The MMSE and ADAS J-cog scores were 29 and 5.4,
respectively. There were no abnormal neurological symptoms/
findings, including parkinsonism and visual hallucinations. Single-
photon emission computed tomography (SPECT) revealed a
decrease of blood flow in the bilateral temporal and occipital
lobes, especially deep inside the temporal lobes. Uptake of MIBG
on myocardial scintigraphy was abnormal, with reduction in the
heart/mediastinum ratio (H/M ratio) to 1.25 (normal range :
> 1.80) on early images and 1.04 (normal range : > 2.00) on
delayed images.

She subsequently had 2 episodes of syncope within a short
period, and she did not remember undergoing MIBG myocardial
scintigraphy about one month before. Syncope is a characteristic
symptom of DLB. However, electroencephalography (EEG) was
performed for suspected epilepsy and sharp waves were detected
from the bilateral frontal to parietal lobes.

Administration of levetiracetam was commenced and the
dose was increased to 1500 mg/day, resulting in improvement
of anterograde amnesia that was confirmed by questioning
the patient and her family about life events after the start of
levetiracetam treatment. Her syncope also resolved clinically.
However, her lost memories were not restored and the olfactory
dysfunction also persisted. She was diagnosed as having TEA with
ALF and possible very early LBD.

About 6 months later, she developed a new condition unrelated
to either epilepsy or neurodegenerative disease and moved to live
with her oldest daughter.

DISCUSSION

We considered that this patient possibly had very early DLB
for the following reasons. She had olfactory dysfunction. SPECT
revealed reduced blood flow at the temporal and occipital lobes.
In addition, myocardial scintigraphy revealed low MIBG uptake.
Although syncope is a characteristic symptom of DLB, the 2
episodes of loss of consciousness that occurred within a short
period were probably caused by complex partial seizures (CPS).
This conclusion is supported by the subsequent detection of
abnormal sharp waves on the EEG and resolution of syncope after
she started treatment with levetiracetam. Since her forgetfulness
also improved with levetiracetam treatment, her episodic memory
loss was thought to have been caused by unrecognized partial
seizures and/or abnormal neuronal discharges without clinical
seizures. These findings were compatible with a diagnosis of TEA.?
The present case raises questions such as whether DLB should be
excluded because a patient only has symptoms of TEA (which are
similar to those of DLB), whether the association of early DLB and
TEA is incidental, or whether DLB and TEA are related disorders.
We investigated these issues by comparison of symptoms
between TEA and DLB as detailed below.

1. Olfactory dysfunction

Although transient olfactory dysfunction and/or olfactory
hallucinations have been described as symptoms of epileptic
seizures, persistent olfactory impairment has not been recognized
in association with TEA.® On the other hand, olfactory function is
often disturbed in the early stage of DLB since the olfactory bulb
and amygdala show early impairment in this disease.”

In this patient, persistent olfactory impairment might have been
caused by an organic disorder of the olfactory bulb and/or
amygdala rather than being a functional disorder due to epileptic
seizures, because anti-epileptic therapy did not improve it. The
amygdala is often considered to be the origin (focal point) in
patients with partial seizures. Is it possible that accumulation of
alpha-synuclein causes abnormal neuronal discharges? Is it also
possible that abnormal discharges can result in structural damage
to the amygdala? In our patient, SPECT images demonstrated a
significant focal decrease of cerebral blood flow deep inside the
temporal lobes (near the amygdala), suggesting a possibility that
the amygdala might be an origin of the seizures.

2. Rapid eye movement sleep behavior disorders

Rapid eye movement sleep behavior disorders (RBD) are a
characteristic symptom of LBD, which are classified as a supporting
feature in the diagnostic criteria for DLB.° Patients with temporal
lobe epilepsy sometimes develop RBD-like symptoms. If partial
seizures occur during sleep, behavioral symptoms associated
with this condition might be mistaken for symptoms of RBD. A
definitive diagnosis of RBD requires overnight polysomnography
to detect rapid eye movement sleep without atonia (RWA).'™
However, conducting this test is challenging in general hospitals
50 RBD tends to be diagnosed from symptoms, such as awakening
easily or remembering dreams, and the correspondence of such
symptoms with abnormal behavior.
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3. Syncope and disturbance of consciousness

Syncope and/or disturbance of consciousness are essential
symptoms of CPS. These symptoms often also develop in LBD
because of autonomic neuropathy and/or fluctuating attention and
alertness, and are classified as suggestive features in the diagnostic
criteria for DLB. Differential diagnosis of these two conditions
is difficult, requiring careful observation of other symptoms of
autonomic dysfunction and the episodes of syncope.

4. Fluctuating cognition with pronounced variation in attention and
alertness

Attention and alertness often vary in LBD. These symptoms are
classified as core features in the clinical diagnostic criteria for DLB.
However, attention and alertness will also tend to vary after partial
seizures.

5. Visual hallucinations

Visual hallucinations are an important characteristic of DLB, and
occurrence of such hallucinations is classified as a core feature.
On the other hand, visual hallucinations also occur in patients with
epileptic seizures. This similarity means that TEA is sometimes
difficult to diagnose correctly."!

Thus, the symptoms of TEA and LBD are often similar, leading to
difficulty in differential diagnosis, and possible complications of
these diseases should also be considered.

Furthermore, rather than TEA and LBD being incidentally
associated, abnormal discharge of neurons in the amygdala might
occur because of pathologic changes related to accumulation of
alpha-synuclein, which occurs in the early stage of LBD, resulting
in TEA. Investigation of more patients will be needed to test this
hypothesis.
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Abstract

Many patients with Lewy body disease (LBD) complain of pain,
and their pain may be associated with this disease. Recently, pain
has become a focus of attention in Parkinson’s disease (PD) ,
but there is little information regarding pain in patients who have
dementia with Lewy bodies. We used pregabalin to treat three
LBD patients with chronic pain that may have been related to
degeneration of central neurons. All 3 patients responded well
to pregabalin at 25 to 50 mg/day. To our knowledge, there have
been no previous reports of pregabalin showing efficacy for central
neuropathic pain in PD or LBD.

INTRODUCTION

Cognitive impairment is often observed in patients with
Parkinson’s disease (PD) . although this is contrary to the first
report published by James Parkinson. In fact, approximately 30%
of patients with PD have dementia and its prevalence is estimated
to be at least 75% among those with a more than 10-year history
of the disease.”

Dementia with Lewy bodies (DLB) is the second most common
type of neurodegenerative dementia, and is characterized by
symptoms such as visual hallucinations and Parkinsonism. Clinical
diagnostic criteria for DLB were first published in 1995.2 These
criteria were revised in 2005, when Lewy body disease (LBD)
was proposed as an entity that includes Parkinson disease
with dementia (PDD) and DLB.? In the revised criteria, PDD is
differentiated from DLB based on differences in the onset of motor
symptoms and dementia, but many investigators have suggested
that the two diseases are pathologically or essentially the same. In
fact, PD is often regarded as being included in the category of LBD.
Many patients with LBD complain of pain, which is thought to
be associated with this disease. While pain in patients with
PD has recently been the focus of attention, there is still little
information regarding pain in DLB patients.*® Pain related to PD
may be multifactorial and associated with : 1) dystonic spasm,
2) musculoskeletal disorders, 3) radiculo-neuritic syndromes, 4)
degeneration of central neurons, or 5) mental factors.*® However,
the details of the mechanism involved remain to be clarified. Of
the suggested mechanisms, pain related to central nervous system
degeneration is characterized by : 1) stinging, numbness, or a
burning sensation, 2) affects various sites such as the tongue,
pharynx, back, pelvis, and vulva, and 3) is inconsistent with the
anatomical dermatomes.*® Efficacy of drug therapy for this type
of PD-related pain has not been established. Depending on their
symptoms, some patients may respond to dopamine replacement
therapy, antidepressants, anti-epileptic drugs, or anti-inflammatory
analgesics, but more effective therapy for this pain is required. 1%
We used pregabalin to treat 3 LBD patients with chronic pain
persisting for years, which may have been related to central
nervous system changes. In Japan, the standard dose of pregabalin
for neuropathic pain is 300 to 600 mg/day. However, we found
that a low dose pregabalin (25 to 50 mg/day) was effective for
pain in these LBD patients.

CASE REPORTS

Informed consent to publish clinical information was obtained from
the patients and their families. Minor modifications to data that did
not interfere with this study were made to preserve the anonymity
of these patients.

Case 1

The patient was a woman in her early 70s. There was no
relevant past history. In 200X-3, she consulted the Department of
Neurology at another hospital with the symptoms of weakness
of the fingers, anorexia, cold sweats, lower abdominal pain,
vulvodynia, and nocturia. Cranial magnetic resonance imaging



(MRI) did not reveal any abnormalities. She also attended the
Departments of Cardiology and Gastroenterology, and underwent
various examinations, but no abnormalities were identified. In
200X-2, she consulted the Department of Geriatrics at another
hospital, but no abnormalities were detected. One month
later, emergency admission to a third hospital was performed
because of syncope. Although examinations did not reveal any
abnormalities, “strange behavior” was noted during admission. She
was referred to a psychiatric hospital and treatment was started
with a diagnosis of senile depression. However, her condition
deteriorated, with the onset of visual hallucinations and abnormal
behavior at night. In 200X-2, she consulted the Department of
Neurology at another hospital (the 5™). "2|-IMP single-photon
emission computed tomography and '?*l-meta-iodobenzylguanidine
myocardial scintigraphy were performed, leading to a diagnosis
of DLB. Since treatment of her visual hallucinations and abnormal
nocturnal behavior was considered to be a priority, she was
referred back to the psychiatric hospital. Treatment for DLB
was started, but her symptoms progressed further. In 200X-
2, she was admitted to the hospital. After more than 1 year as
an inpatient, there was no improvement. In 200X, her family
brought her to our department. On examination, her general
condition was poor and she was confined to a wheelchair. Severe
muscular rigidity was observed in the extremities and articular
contractures were also noted. She was unable to stand up without
assistance. Although there was no marked loss of recent memory
or disorientation, she had visual hallucinations (“I see babies and
children” , “pieces of white paper are flying everywhere”) and
auditory hallucinations (“I can hear children singing or military
songs”) . She also complained of pain and a cold sensation of
the lower abdomen, vulva, and lower limbs. The Mini-Mental
State Examination (MMSE) score was 18, suggesting marked
constructive apraxia. On cranial computed tomography (CT), the
hippocampus was intact and ischemic changes of the cerebral
white matter were not marked. Her treatment at the psychiatric
hospital was donepezil at 3 mg, L-Dopa at 100 mg, risperidone
at 0.5 mg, mianserin at 30 mg, zopiclone at 7.5 mg, and an H2
blocker. Her family did not want her to remain in the psychiatric
hospital, and switched to outpatient care by our department. After
discharge from the psychiatric hospital, her regimen was changed,
with risperidone, mianserin, zopiclone, and the H2 blocker being
discontinued. In addition, the doses of donepezil and L-Dopa were
gradually increased. A day care service and physical therapy were
introduced through utilization of nursing insurance, and the family
was given guidance about exercise and rehabilitation.

After 2 years, improvement of walking was achieved and she was
able to go to the toilet without assistance. The MMSE score was
21. In addition to marked improvement of her general condition,
behavioral and psychological symptoms of dementia such as
visual hallucinations and hypobulia also showed improvement.
However, there was persistence of the lower abdominal/vulvar/
femoral pain, which she had mentioned from 200X-3. She reported
“intolerable pain with a cold sensation” , “sudden pain” , “pain
persisting for a few hours” , and “pain disturbing sleep” . These
symptoms suggested that her pain was related to an abnormality
of the central nervous system, i.e., central neuropathic pain. After
obtaining informed consent, pregabalin was administered at 50
mg/day. At the next consultation, there was reduction of the pain.
Her family reported marked improvement after 1 to 2 weeks,
stating that “she could sleep well at night” , “there were no
complaints of pain” , and “our stress was rapidly reduced” .
During subsequent follow-up for 1 year, there was no recurrence
of pain without other analgesics. There were no adverse reactions
of pregabalin, such as aggravation of cognition, behavioral and
psychological symptoms, and Parkinsonism. She became able to
travel, and there was marked improvement of the quality of life
(QOL) .

Case 2

The patient was a woman in her early 70s with a history of PD.
She had been receiving treatment for PD for at least 10 years from
the Department of Neurology at a university hospital. Recently,
abnormal behavior had appeared, and her family had taken her
to a memory clinic. However, her symptoms did not improve. In
200X, she was brought to our department in a wheelchair. On
examination, prominent tremor of the extremities was observed.
She was unable to walk without assistance. While there was no
marked loss of recent memory or disorientation, she complained
of visual hallucinations (“l can see a decapitated head” , “a large
number of people are coming here” ), as well as severe pain
and numbness of the limbs. The MIMSE score was 24, suggesting
marked constructive apraxia. On cranial CT, the hippocampus
was intact and ischemic changes of the white matter were not
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prominent. Her medications prescribed by the memory clinic were
as follows : galanthamine at 8 mg, L-Dopa at 900 mg, entacapone
at 600 mg, haloperidol at 0.2 mg, sertraline at 25 mg, nitrazepam
at 5 mg, clonazepam at 0.5 mg and a nonsteroidal anti-
inflammatory drug (NSAID) as required. These medications were
changed, with administration of haloperidol and sertraline being
discontinued, while the doses of L-Dopa and entacapone were
decreased. The dose of galanthamine was gradually increased,
while zonisamide, istradefylline, and Yokukansan (a Japanese
herbal medicine) were also administered.

After 2 years, hallucinations and symptoms of Parkinsonism
showed improvement, and the MMSE score was 27. However,
severe pain and numbness of the limbs persisted. She reported
“severe pain like an electric shock” , “pain exacerbated by
touch” , “sudden pain” ., “pain persisting for a few hours” , and
“oral pain (of the oral mucosa and tongue)” , suggesting central
neuropathic pain. Pregabalin was administered at 25 mg/day. After
2 weeks, her pain decreased to a tolerable level. According to the
family, there were no further complaints of pain, which she had
persistently mentioned for at least 5 years, and the NSAID was no
longer necessary. Nine weeks after starting treatment, the patient
noted improvement of the pain and did not wish to increase the
dose of pregabalin.

During subsequent follow-up for 6 months, the improvement was
maintained without adverse reactions of pregabalin. Improvement
of sleep was also achieved, with nitrazepam and clonazepam no
longer required.

Case 3

The patient was a man in his late 70s with a history of diabetes
mellitus. Visual hallucinations had developed during the past 4
years and he often saw cats, but had not told his wife. His visual
hallucinations had become more severe during the past 3 months,
including visions of tigers and strangers. Auditory hallucinations
(cries and whistles) also occurred frequently. Anxiety and
fear affected his QOL. In 200X, he consulted our department,
complaining of “being unable to distinguish reality from dreams” ,
“being in a daze” , “difficulty with walking” , “disturbance of hand
movements” , and pain and numbness of the lower abdomen,
lower back, and bilateral lower limbs. On examination, there
was mild lead pipe rigidity of the bilateral upper extremities, as
well as impairment of postural reflexes, parkinsonian gait, and
myoclonus of the left lower limb. The MMSE score was 12. Cranial
MRI revealed no abnormalities, except for slight ischemic changes
in the cerebral white matter. Treatment was started under a
diagnosis of probable DLB and donepezil therapy suppressed the
visual hallucinations.

In 200X+1, the MMSE score was 19, showing marked
improvement. The cube copying test also showed marked
improvement. However, he still had pain and numbness of
the lower abdomen, lower back, and bilateral lower limbs. He
consulted the Department of Orthopedics, but no abnormalities
were found. In the lower limbs, the pain only affected the dorsum
of the foot and not the plantar region, excluding the possibility of
diabetic polyneuropathy. Pregabalin was administered at 25 mg/
day. Improvement of his pain was confirmed after several weeks
and there has been no recurrence, although the observation
period is still only a few months.

DISCUSSION

We used pregabalin to treat neuropathic pain (probably central
pain) in 3 patients with LBD attending our outpatient clinic, and
the pain responded well to administration of this drug at a low
dose of 25 to 50 mg/day in all 3 patients.

We noted the following common points of these 3 patients :

1. A low dose of pregabalin (25 to 50 mg/day) was effective for
pain that was probably related to degeneration of central neurons
in LBD.

2. From one to three weeks was required until the effect of
pregabalin on pain was noted.

3. No other analgesics were necessary as adjuvant care.

4. There were no adverse reactions of pregabalin in these 3 cases.
5. There was still no recurrence of the pain after it responded to
pregabalin (follow-up periods of each case : 1 year and several
months, about 6 months, and a few months).

Regarding the mechanism by which pregabalin acts on pain, it may
bind to the 26 subunit of the voltage-dependent calcium-channel,
reducing calcium influx and the release of neurotransmitters such
as glutamic acid.""'? However, the detailed mechanism remains
to be clarified. In particular, the pharmacological mechanism
involved in the efficacy of pregabalin for central neuropathic pain
is unclear. An increase in spinal cord expression of the a2¢6 subunit
was reported in a rat spinal cord injury model, suggesting that
pregabalin could exhibit its analgesic action by inhibiting this
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subunit.'?
Several clinical studies have indicated efficacy of pregabalin for
central neuropathic pain, such as spinal cord injury-related pain
and central pain after stroke.®'® However, to our knowledge, there
have been no previous reports on the efficacy of pregabalin for PD-
or LBD-related central neuropathic pain.
In Japan, the standard dose of pregabalin for neuropathic pain
is 300 to 600 mg/day, but the analgesic effect of pregabalin was
satisfactory at much lower doses (25 to 50 mg/day) in our LBD
patients. It has been reported that administration of pregabalin at
450 mg/day for diabetic polyneuropathy induced Parkinsonism,
suggesting that deterioration of Parkinsonism should be
considered when administering this drug to LBD patients.’® If low-
dose pregabalin is effective, the results of treatment may be more
favorable.
We have only treated 3 patients, and the follow-up period after
onset of the analgesic effect of pregabalin is not long enough. In
the future, a long-term study involving a larger number of patients
should be conducted to better evaluate the efficacy and safety of
low-dose pregabalin therapy for LBD-related central neuropathic
pain. The risks in using pregabalin, such as syncope, fall, and
hepatotoxicity were also considered as well as Parkinsonism.
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Possible effectiveness of low-dose
pregabalin in a patient suffering from
Lewy body disease and chronic pruritus

Katsuyuki Ukai

Department of Psychogeriatrics, Kamiiida Daiichi General Hospital
Department of Psychiatry, Nagoya University Graduate School of Medicine

Abstract

Many patients with Lewy body disease (LBD) complain of pain,
although the detailed mechanism responsible for LBD-related
pain remains to be clarified. On the other hand, to the best of my
knowledge, there have not been any reports about LBD patients
suffering from an itching sensation. In this report, | describe the
case of an LBD patient who experienced severe itching that
persisted for over 6 months, and report that low-dose pregabalin
therapy was very effective against the patient’s itching. This is the
first study to report that low-dose pregabalin seemed effective
against itching in a patient with LBD, as has been found for LBD-
related pain.

INTRODUCTION

In patients with Lewy body disease (LBD), the central nervous
system (CNS), including the motor, sensory, and autonomic
nervous systems, is extensively affected. Therefore, pain related
to the degeneration of the CNS is often observed. Such pain, a
kind of central neuropathic pain, has recently become a focus of
attention as a prodromal symptom of LBD. Although the efficacy of
drug therapy against such pain has not been established, we have
recently reported 3 cases in which suspected central neuropathic
pain was successfully ameliorated in LBD patients using low-dose
pregabalin.!

In the field of dermatology. chronic pruritus is a well-known
condition.? It is defined as itching that persists for more than 6
weeks despite the absence of a skin lesion. It can involve the
entire skin (generalized pruritus) or only particular areas, such as
the scalp, upper back, and arms (localized pruritus). It frequently
develops in middle-aged or elderly people. It is considered
to be associated with other diseases, such as liver, kidney,
hematological, and endocrine diseases, although its detailed
etiology remains to be clarified. No treatment for such itching has
yet been established, and there have only been a few case reports
about the use of antidepressants or pregabalin to treat chronic
pruritis.>

In this case, low-dose pregabalin was used to treat severe itching,
which had persisted for over 6 months, in a patient with LBD. To
the best of my knowledge, this is the first case report in which the
administration of low-dose pregabalin seemed effective against
chronic pruritus in a patient with LBD. This raises a question as to
whether a relationship exists between LBD and chronic pruritus.
CASE REPORT

Written informed consent to present this report was obtained
from the patient and his family. Minor modifications to the case
details that did not affect the findings of this study were made to
preserve the patient’s anonymity.

The patient was a Japanese male in his early 80s. His medical
history did not include any relevant conditions, except for
recurrent nocturnal dream-enactment behavior from 200X-3. Since
it became difficult for him to perform routine accounting tasks in
200X-2, he consulted the Department of Neurology at another
hospital and was diagnosed with mild cognitive impairment.
In 200X-1, he started to experience vivid visual hallucinations,
e.g.. of unknown individuals, and water on the floor, and he also
complained of a reduced sense of smell, e.g., being unaware of the
smell of fragrant orange-colored olives.

In 200X, the patient consulted my department. He complained of
visual hallucinations; cognitive disturbances involving fluctuations
in attention and alertness; severe itching on his head including
both ears; and the abovementioned symptoms; i.e., rapid eye
movement sleep behavior disorders and olfactory dysfunction.
On examination, mild cogwheel-like rigidity of the right hand was
observed, as well as impaired postural reflexes and parkinsonian
gait. His Mini-Mental State Examination score was 21 points, which
was indicative of severe constructional apraxia. Cranial magnetic
resonance imaging did not reveal any abnormalities. Treatment
with donepezil therapy was started under a diagnosis of probable
dementia with Lewy bodies. Within about 5 months, donepezil
had suppressed his visual hallucinations, but the itching persisted.
Although he consulted a dermatology clinic, no abnormalities were
found, and no treatment was administered.



Although the cause of his head itching was unclear, pregabalin
was administered at a dose of 25 mg/day, after informed consent
for its off-label use and the possibility of side effects had been
obtained from him and his wife, based on a suspicion that his
symptoms might be related to LBD-induced CNS degeneration. At
the next consultation, the patient reported a marked reduction
in the severity of his itching. In fact, he reported a marked
improvement about 1 week after the start of the pregabalin
therapy, stating that “The severity of the itching had decreased
to a tolerable level, which | feel is about 30%" . “I do not have to
scratch my head” , and “I do not wish to increase the dose of that
drug (pregabalin)”

During the subsequent follow-up period (about 10 months), the
itching did not deteriorate. The patient did not suffer any adverse
reactions to the pregabalin treatment.

DISCUSSION

The patient described in this report had LBD and chronic pruritus.
To the best of my knowledge, no previous studies have described
this combination of conditions, possibly because clinicians have
not paid enough attention to the concomitant development
of LBD and pruritus. In the present case, it is possible that the
concomitant development of LBD and pruritus was incidental. On
the other hand, there is a possibility that the patient’s head itching
was related to CNS degeneration caused by his LBD.

The characteristics of this case are presented below :

(1) This is the first case report about chronic pruritus complicated
with LBD.

(2) This patient had no other diseases except LBD.

(3) Low-dose pregabalin (25 mg/day) was administered based
on the possibility that the patient’s Lewy pathology might have
contributed to the development of his chronic pruritus.

(4) Low-dose pregabalin therapy seemed markedly effective in this
patient.

(5) It took about 1 week for the patient’s itching to improve.
These are consistent with the results of our previous report on
LBD-related central neuropathic pain.’

The relationship between pain and itching sensations has been
discussed in previous studies. Pain and itching share many
common characteristics : they are both classified into peripheral
and central sensations, peripheral pain/itching is transmitted to
the upper sensory nervous system through the unmyelinated C
fibers of primary afferent neurons, and descending modulatory
control systems for pain/itching are present in the CNS. On the
other hand, differences between the mechanisms responsible for
the two sensations are also known to exist. For example, opioids,
which reduce pain by binding to opioid receptors in the CNS, can
induce itching sensations via p-receptors.

Pain is clinically classified into 3 types based on its etiology :
(1) nociceptive pain related to the stimulation of the free nerve
endings of afferent neurons, (2) peripheral neuropathic pain
(e.g., post-herpetic neuralgia, diabetic polyneuropathy), and (3)
central neuropathic pain (e.g.. spinal cord injury-related pain.
LBD-related pain) . Itching is classified in a similar manner : (1)
dermatological itching related to the stimulation of the free nerve
endings of afferent neurons; (2) neuropathic itching related to
peripheral sensory nerve abnormalities (e.g., post-herpetic itching);
and (3) itching with a systemic cause, in which opioid receptors
in the CNS might be involved (e.g., cholestasis, chronic kidney
disease) .2 During comparisons of these classifications, it becomes
obvious that the pathogenesis of pain resembles that of itching;
i.e., dermatological itching corresponds to nociceptive pain, and
neuropathic itching corresponds to peripheral neuropathic pain.
However, does itching caused by systemic factors correspond to
central neuropathic pain?

ltching caused by systemic factors is associated with several
systemic diseases, such as cholestasis and chronic kidney disease.
The detailed mechanism responsible for such itching remains to
be clarified; however, it might involve the binding of endogenous
opioid peptides, such as B-endorphin, to u-receptors in the CNS.
Patients with cholestasis or chronic kidney disease exhibit higher
serum levels of B -endorphin. On the other hand, no previous studies
have described the pain sensation generated by systemic diseases.
Therefore, there might not be an equivalent pain entity to itching
caused by systemic factors.

If central neuropathic pain does not correspond to itching caused
by systemic factors, then is there a type of itching that is equivalent
to central neuropathic pain? We speculate that such a condition
might actually exist. For example, LBD might also induce so-called
“central neuropathic itching” as well as central neuropathic pain.
In addition to LBD, other neurodegenerative diseases that cause
extensive disturbances of the CNS could also induce the same
condition.

Aiseikai Healthcare Corporation

Although the detailed mechanism of action of pregabalin against
neuropathic pain remains unclear, it is suggested that its effects
are mediated by the descending modulatory control system in
the CNS.* Similarly, as descending modulatory control systems for
both itching and pain sensation are known to exist, the mechanism
of action of pregabalin against itching might be similar to its
mechanism of action against pain.®
Only a few reports have described the efficacy of pregabalin
against itching, although there are no data from studies involving
controls.?* Thus, more case reports and data from studies involving
controls are required. Furthermore, more case reports about LBD
combined with chronic pruritus are needed in order to investigate
both the possible relationship between LBD and chronic pruritus,
and the efficacy of low-dose pregabalin against chronic pruritus
derived from LBD.
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Transient epileptic amnesia without
epileptic seizures : Proposal of a new
entity
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CASE STUDY

A male in his early 60s attended our memory clinic with his
wife. He said that his memory had become faulty about 4 years
earlier, and he had experienced a lot of problems because of
his forgetfulness. He had consulted other memory clinics, but
no abnormalities had been found. He also stated that he had
forgotten many events, such as traveling with his wife a few
months earlier, having a colon polypectomy at another hospital
about 2 years earlier, and the wedding ceremony of his daughter
about 11 years earlier.

His Mini-Mental State Examination score was 29, and he could
correctly recall a sentence that he had been asked to memorize
about 30 minutes earlier. The patient seemed to be suffering
from a disturbance of his long-term memory, but not his short-
term memory, which affected his recall of events from several
weeks, months, and years earlier. Although he had not exhibited
any symptoms of epileptic seizures, electroencephalography was
performed, and sharp waves were detected. The administration
of levetiracetam was commenced, and the dose was increased
to 1500 mg/day, resulting in an improvement in the patient’s
anterograde amnesia. He was diagnosed with transient epileptic
amnesia (TEA) involving accelerated long-term forgetting (ALF)
and autobiographical amnesia. However, he did not believe that
he had suffered any amnesia attacks, and his wife, daughter, and
friends agreed with this.

Several years after the start of the levetiracetam therapy, he did
not display any abnormal symptoms and was able to work without
any difficulty.
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DISCUSSION

TEA is a special type of epilepsy."* Zeman et al. developed the
following diagnostic criteria for the condition : (1) recurrent,
witnessed episodes of amnesia; (2) other cognitive functions
remain intact during attacks; and (3) evidence of epilepsy.
In addition, they noted that patients with TEA almost always
exhibited 2 other types of memory symptoms : ALF (the
unexpected and rapid disappearance of memories of events that
occurred in recent days, weeks, or months) and autobiographical
amnesia (the discovery of large gaps in more remote
autobiographical memories). Thus, TEA causes 3 characteristic
memory symptoms.

To make a diagnosis of epilepsy, the presence of epileptic seizures
is required. However, the patient described in this report did
not exhibit any clinical symptoms of epileptic seizures, including
amnesia attacks. The key characteristics of this case are outlined
below :

1. According to the definition of epilepsy, our patient could not be
diagnosed with epilepsy.

2. According to Zeman’s diagnostic criteria, our patient could not
be diagnosed with TEA.

3. Abnormal neuronal discharges without clinical seizures
(so-called “subclinical seizures”) might cause both ALF and
autobiographical amnesia because levetiracetam improved both of
these symptoms in the present case.

Should our patient have been diagnosed with epilepsy? If TEA is
ruled out, what term should be used for our patient’s disease?

To overcome these problems, we offer the following suggestions :
1. Patients that meet all of Zeman’s criteria should be regarded as
having TEA.

2. Patients that do not experience amnesia attacks despite
suffering from ALF and/or autobiographical amnesia should be
considered to be suffering from “broad TEA™ .

3. Conditions such as that seen in the present case must have
an epileptic mechanism, and so they should be diagnosed as
epilepsy.

It would be inconsistent to regard patients without amnesia
attacks as having TEA, but the existence of “broad TEA”" suggests
that transient amnesia attacks are caused by the same pathogenic
mechanism as ALF and/or autobiographical amnesia. In other
words, abnormal neuronal discharges can cause not only transient
amnesia attacks, but also ALF, which might be associated with a
failure of memory consolidation (maybe taking several weeks or
months) , and autobiographical amnesia, which might be due to
the disruption of consolidated remote memories (maybe taking
several years). “Subclinical seizures” might be responsible for
broad TEA.

One or more clinical epileptic seizures are required for a diagnosis
of epilepsy. Therefore, patients with ALF and/or autobiographical
amnesia in the absence of amnesia attacks cannot be diagnosed
with epilepsy. However, it is certain that an epileptic mechanism
(i.e., an abnormally excessive neuronal discharge) is involved in
the etiology of both ALF and autobiographical amnesia. Therefore,
it might be appropriate to regard patients with broad TEA as
having epilepsy, regardless of the presence or absence of amnesia
attacks.®
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Relationship between the Contrast
Enhancement of the Perivascular Space
in the Basal Ganglia with Endolymphatic
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Purpose : We routinely obtain the endolymphatic hydrops (EH)
image using heavily T2-weighted 3D-FLAIR (hT2w-3D-FLAIR)
imaging at 4 hours after intravenous administration of a single-
dose of gadolinium-based contrast media (IV-SD-GBCM). While
repeating the examination, we speculated that the contrast
enhancement of the perivascular space (PVS) in the basal ganglia
might be related to the degree of EH. Therefore, the purpose
of this study was to investigate the relationship between the
endolymphatic volume ratio (%EL.owme) and the signal intensity of
the PVS (SI-PVS).

Materials and Methods @ In 20 patients with a suspicion of EH,
a heavily T2-weighted 3D-turbo spin echo sequence for MR
cisternography (MRC) and an hT2w-3D-FLAIR as a positive
perilymph image (PPI) were obtained at 4 hours after IV-SD-
GBCM. The %ELwowme Of the cochlea and the vestibule were
measured on the previously reported HYDROPS2-Mi2 image. The
PVS in the basal ganglia was segmented on MRC using a region-
growing method. The PVS regions were copied and pasted onto
the PPI, and the SI-PVS was measured. The larger value of the right
and the left ears was employed as the %EL.oume. and the weighted
average of both sides was employed as the SI-PVS. The correlation
between the %EL.oume and the SI-PVS was evaluated.

Result : There was a strong negative linear correlation between
the %ELoume Of the cochlea and the SI-PVS (r= —0.743, P < 0.001);
however, there was no significant correlation between the
%EL.oume Of the vestibule and the SI-PVS (r= —0.267, P = 0.256).
Conclusion : There was a strong negative correlation between the
cochlear %ELvowme and the SI-PVS. Contrast enhancement of PVS
might be a biomarker of EH.

Magn Reson Med Sci. 2017 Jun 8. [Epub ahead of print]

Decreased grip strength, muscle pain and
atrophy occur in rats following long-term
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Abstract :

Work-related musculoskeletal disorders (WMSD) are caused by
the overuse of muscles in the workplace. Performing repetitive
tasks is a primary risk factor for the development of WMSD.
Many workers in highly repetitive jobs exhibit muscle pain and
decline in handgrip strength, yet the mechanisms underlying
these dysfunctions are poorly understood. In our study, rats
performed voluntary repetitive reaching and grasping tasks
(Task Group), while Control group rats did not perform these
activities. In the Task Group, grip strength and forearm flexor
withdrawal threshold declined significantly from week 2 to week
6, compared with these values at week 0 (P < 0.05). Relative
muscle weight and muscle fiber cross-sectional area of flexor
digitorum superficialis (FDS) muscles decreased significantly in
the Task group, compared with the Control group, at 6 weeks
(P < 0.05 and P < 0.01, respectively). Nerve growth factor, glial
cell line-derived neurotrophic factor and tumor necrosis factor a
expression in FDS muscles was not significantly different in Control
and Task groups at 3 and 6 weeks. At 6 weeks, the Task group
had elevated MuRF1 protein levels (P = 0.065) and significant
overexpression of the autophagy-related (Atg) proteins, Beclin1
and Atg5-Atg12, compared with in the Control group (both P <
0.05). These data suggested that long-term exposure to excessive
repetitive motion causes loss of grip strength, muscle pain and
skeletal muscle atrophy. Furthermore, this exposure may enhance
protein degradation through both the ubiquitin-proteasome and
autophagy-lysosome systems, thereby decreasing skeletal muscle
mass.

Keywords :

work-related musculoskeletal disorders; grip strength; muscle
pain; muscle atrophy; ubiquitin-proteasome system; autophagy-
lysosome system

Abbreviations :

WMSD, work-related musculoskeletal disorders; TNF, tumor
necrosis factor; IL, interleukin; DOMS, delayed-onset muscle
soreness; NGF, nerve growth factor; GDNF, glial cell line-derived
neurotrophic factor; CSA, cross-sectional area; MuRF1, muscle
RING finger 1; Atrogin-1, muscle atrophy F-box/Atrogin-1, Atg,
autophagy-related; LC3, microtubule-associated protein 1 light
chain 3; FDS, flexor digitorum superficialis; gRT-PCR, quantitative
reverse transcription PCR; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis; PVDF, polyvinylidine
difluoride; CBB, Coomassie Brilliant Blue; ELISA, enzyme-linked
immunosorbent assay; SEM, standard error of the mean; ANOVA,
analysis of variance; EDL, extensor digitorum longus

Running heading :

Muscle dysfunction caused by repetitive tasks

Introduction :

Work-related musculoskeletal disorders (WMSD) are defined
as injuries or musculoskeletal effects caused by exposure to
certain risk factors in the workplace. Risk factors for WMSD
include repetition, force and awkward or static postures. Previous
research showed that in highly repetitive jobs (a cycle time
less than 30 s or more than 50% of the time performing same
type of fundamental cycle), there was a 2.8 odds ratio of injury
compared with in low repetition jobs [1]. Of female workers in
highly repetitive jobs, 23% reported muscle pain in forearm and
hand muscles [1]. Furthermore, women seeking medical care for
WMSD of the upper extremities also showed decreased handgrip
strength, and these symptoms were related to their levels of
perceived physical exertion [2].

Using rat models, previous studies have investigated the
pathophysiology of injuries of the upper forelimb caused by
voluntary repetitive reaching and grasping tasks [3, 4]. Several
investigators reported that the repetitive tasks caused decreased
grip strength [5-9]. Barbe et al. reported that performance of
voluntary repetitive reaching and grasping tasks led to increased
levels of tumor necrosis factor (TNF)-a , interleukin (IL)-1a and
IL-18 in rat forearm flexor muscles [5]. Furthermore, this task
led to elevated levels of substance P and its preferred receptor,
neurokinin-1, in the spinal cord dorsal horn [10]. In addition,
previous studies showed that high repetition tasks increased
fibrogenic-related proteins in skeletal muscle or tendon [7-9].
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Several inflammatory cytokines, including TNF-a IL-Ta, IL-18
were implicated in pain. Substance P is another major mediator
of neuropathic inflammatory pain. Therefore, muscle pain would
be expected to occur in volunteers performing repetitive reaching
and grasping tasks. Recently, Xin et al. [11] studied skin pain, often
assessed with a von Frey hair test, in a WMSD model. However,
according to Nasu et al. [12], it is necessary to use a probe with a
diameter of at least 2.6 mm to evaluate the mechanical threshold
of skeletal muscle. Thus, while factors affecting decreased grip
strength after repetitive reaching and grasping tasks have been
proposed in several studies [5-9], those affecting pain in such
models have not been identified. It remains to be demonstrated
that a rat model for repetitive tasks exhibits similar muscle pain as
that seen in workers with highly repetitive jobs.

In several other animal models, muscle pain was produced
by exercise stresses different from the repetitive reaching
and grasping tasks. Some animals were forced to exercise by
repetition of eccentric contractions. After such exercise, they
experienced delayed-onset muscle soreness (DOMS) and declines
in mechanical withdrawal threshold in the muscle [13, 14]. In a
previous study, physical exercise, including eccentric contractions,
induced expression of nerve growth factor (NGF), glial cell line-
derived neurotrophic factor (GDNF) and TNF-a in skeletal
muscle and, consequently, led to decreased muscle mechanical
thresholds [13, 15, 16]. NGF, produced in skeletal muscle after
ischemia [17] or nerve injury, can sensitize muscle nociceptors [18].
Like NGF, GDNF is also responsible for growth and maintenance
of certain neurons. In rats, injection of either NGF or GDNF into
skeletal muscle led to a decline in the mechanical threshold [16,
19]. Therefore, we hypothesized that performance of repetitive
reaching and grasping tasks by rats would lead to upregulation of
NGF, GDNF and TNF-a and to declines in mechanical thresholds
in muscle.

It is further worth noting that generally, pain reduces muscle
strength [20-22]. However, studies showed strong correlations
between muscle force and either muscle volume or cross-sectional
area (CSA) [23-25]. Hence, not only muscle pain, but also skeletal
muscle atrophy, may be responsible for the decline in grip strength
caused by repetitive reaching and grasping tasks. Changes in
skeletal muscle mass, in rats performing the tasks, have not been
investigated.

Skeletal muscle adaptation depends on dynamic interplay
between changes in muscle protein synthesis and degradation.
Both the ubiquitin-proteasome and autophagy-lysosome systems
are involved in degradation of skeletal muscle proteins.

The ubiquitin-proteasome system degrades soluble and
myofibrillar proteins [26]. Specificity of substrate tagging is
ensured by ubiquitin ligases. For example, levels of two muscle-
specific ligases, muscle RING finger 1 (MuRF1) and muscle
atrophy F-box/Atrogin-1 (Atrogin-1), were increased in several
instances of catabolism [27]. MuRF1 and Atrogin-1 are believed
to selectively bind substrates for ubiquitination and subsequent
degradation by the 26S proteasome. Thus, increased MuRF1
and Atrogin-1 expression following an atrophy-inducing stressor
is attributed to the shift in protein balance from net synthesis
to net degradation [28]. The process of autophagy begins with
autophagosome formation, in which a double membrane is formed
around a portion of the cytoplasm containing proteins and/or
organelles. Autophagosome formation is under the control of
proteins encoded by autophagy-related (Atg) genes. In particular,
two ubiquitin-like conjugation systems were described. In the first,
the Atg5-Atg12 complex can interact with Atg16 to participate
in autophagosome membrane formation. The second involves
Atg8, also known in mammals as microtubule-associated protein
1 light chain 3 (LC3) . LC3II was implicated in substrate selection
for degradation and in membrane fusion and, when bound to
phospholipid, is known as LC3II [29]. Among proteins implicated
in control of the autophagy process, the Atg6 homolog Beclin1
appears to be central for initiation of sequestration [30. 311.

In one report, long-term running exercise led to increased MuRF1
protein expression and proteasome activity [32] and increased
levels of Atg proteins Beclin1 and LC3lI, suggesting increased
basal autophagy [33], in plantaris muscle of mice. Thus, long-
term running exercise is believed to promote muscle protein
degradation through these two systems. However, changes, during
repetitive reaching and grasping tasks, in molecules involved in
muscle protein degradation were not yet investigated.

Therefore, the first purpose of our study was to investigate factors
involved in decreased grip strength, from the perspective of muscle
pain and skeletal muscle mass, associated with voluntary repetitive
reaching and grasping tasks in the rat. The second purpose was
to examine key regulators of muscle pain associated with the

task. The third purpose was to evaluate repetitive task-dependent
activation of the ubiquitin-proteasome and autophagy-lysosome
systems. In this study, we chose a rat model not involving use
of force. As shown by Barbe et al. [5] and Clark et al. [6], rats
performing continued repetitive reaching and grasping tasks (high
repetition negligible force model) exhibited dysfunctions similar
to those in humans. This indicated that high frequency motion,
not necessarily involving high force, induces WMSD. Thus, in our
study, we investigated the hypothesis that long-term exposure
to excessive repetitive motion would cause loss of grip strength,
muscle pain and skeletal muscle atrophy and, furthermore, that
such atrophy would involve enhanced protein degradation through
the ubiquitin-proteasome and autophagy-lysosome systems.
Materials and Methods :

Animals

All animal procedures were performed under the animal care
guidelines of Nagoya University. A total of 41 female Sprague-
Dawley rats, aged 10 weeks, were used for this study. Rats were
from Japan SLC (Hamamatsu, Japan) and were housed under
controlled temperature (25°C) and lighting (8 : 00-20 : 00 light)
conditions. Rats were divided randomly into food-restricted control
(Control, n = 19) or task (Task, n = 22) groups. Control and
Task groups were restricted from food for 5 or 8 weeks. These
rats were food deprived so that they maintained 80%-90% of full
body weight, as defined by the weights of age-matched normally
fed rats. Rats were weighed weekly and their food adjusted
accordingly [3, 4, 6]. After a 2 week training period (described
below) and the first 3 weeks of the Task period (this time is
known as "3 weeks" in our study) , the rats in each group were
further subdivided to perform certain analyses. The reason was to
avoid potential artifacts in the muscle tissue analyses introduced
by prior behavioral testing. Thus, a subset of the Control group
at 3 weeks (n = 6) and Task group at 3 weeks (n = 6) were
never subjected to behavioral analysis. This enabled their muscle
samples to be used for both histological (i.e., measurements
of relative muscle weight and muscle fiber CSA) and molecular
biological and biochemical (i.e., mRNA expression relevant to
muscle pain, ubiquitin-proteasomes and autophagy-lysosomes)
analyses because these rats had no potential effects of behavioral
analysis. For rats providing tissue at the 6 week time point, the
type of behavioral testing they'd been subjected to determined
which types of analyses could be performed on their tissues. Thus,
behavioral analysis data (grip strength and pain) were examined
only in certain rats and these were measured for the 6 consecutive
weeks of the Task period (ie., the Control group. in which grip
strength was measured (n = 6), the Control group, in which
muscle pain was measured (n = 7), the Task group at, in which
grip strength was measured (n = 6), and the Task group in which
muscle pain was measured (n = 10)). Grip strength and pain were
performed on separate groups of rats but, for each parameter,
the same rats were compared each week. For the "week 6" tissue
samples, histological analysis (i.e., measurements of relative
muscle weight and muscle fiber CSA) and molecular biological
and biochemical analyses (i.e., mRNA and protein expression
relevant to ubiquitin-proteasomes and autophagy-lysosomes) were
performed using muscle tissue from rats in which grip strength
had been measured. In contrast, NGF, GDNF and TNF-a levels
were measured using muscle tissue from rats in which muscle
pain had been measured. The reason for this was the concern
that applying mechanical stimulation to the skeletal muscle,
necessary to measure muscle pain, would affect skeletal muscle
size. For example, in previous studies, skeletal muscle atrophy
was suppressed by mechanical stimulation such as stretching [34,
35]. Therefore, we did not want to analyze skeletal muscle size
in rats that had been tested for pain. It should be noted that the
body weights did not differ between the Control and Task groups
throughout the experimental period. Thus, differences in muscle,
such as fat content, caused by excessive weight would not have
confounded our histological analyses.

Voluntary repetitive reaching and grasping tasks

Rats were placed in the test box, as described by Metz and
Whishaw [36]. There was a 1.3 cm wide vertical opening in the
middle of the front wall enabling rats to reach for pellets placed
on a shelf. Food pellets (45mg, BioServ, Frenchtown, NJ, USA)
were dispensed every 15 s during the task. The rats voluntary
performed the repetitive reaching and grasping tasks to obtain
food pellets (Fig. 1). When a rat appeared likely to react to the
pellets, an observer played a sound that was timed with pellet
distribution [3, 4]. In addition, the observer adjusted the position
of the pellet, so that the rats could grip the pellet with only one
paw at a time. Control and Task groups were initially trained for 2



weeks to learn the voluntary repetitive reaching and grasping task
for obtaining a food pellet. After the initial training period, only the
Task group rats performed the repetitive reaching and grasping
tasks, for 2 h/day, 3 days/week, for 3 or 6 consecutive weeks. An
observer counted the number of reaches and grasps, how many
food pellets were obtained and task durations. The task duration
was defined as the total time that the rat participated in the task,
and was as long as 2 h/day. These task parameters were used as
the indicators of physical load. As previously described [3], this
model used a "high repetition, negligible force" task.

Forelimb grip strength measurement

Rats were lifted by the tail and induced to grasp a rigid bar
attached to a digital force gauge (Aikoh Engineering Corporation,
Osaka, Japan). Each rat was gently pulled backward by the tail
and the tension reading of the digital force gauge, just before the
rat released the bar, was defined as grip strength. The test was
performed 5 consecutive times and the highest value from the 5
trials was recorded as the grip strength.

Withdrawal threshold measurement

Muscular mechanical hyperalgesia was measured as a forearm
withdrawal threshold, in response to gradually increasing
mechanical forces applied to the forearm flexors (flexor
digitorum superficialis (FDS) muscle included). The method
was a modification of that described by Nakano et al. [37] (Fig.
2). Briefly, the head and trunk of the rat were wrapped with a
cloth and the rat was suspended in a homemade hammock. We
confirmed that, under these conditions, the forelimb position was
freely movable. Forearm withdrawal threshold was quantified with
a Pressure Application Measurement device (Ugo Basile, Comerio,
Italy) equipped with a handmade round-headed probe (5 mm tip
diameter) . It has been previously shown that a probe with a tip
diameter of 5 mm allows measurements of the muscle mechanical
nociceptive threshold [12]. The pressure required to elicit forelimb
withdrawal was determined and measurements were taken 5
times at 1 min intervals. The mean value of these measurements
was used as the forearm flexor withdrawal threshold.

Tissue collection

Tissues were collected from a total of 34 rats, from the Control
group at 3 weeks (n = 6) and 6 weeks (n = 11) and from the
Task group at 3 weeks (n = 6) and 6 weeks (n = 11). This tissue
collection was performed 24-36 h after completion of the final
task, to ensure that measurements reflected the chronic effects of
long-term exposure to repetitive motion, rather than immediate
effects of the last exercise. Similarly, in a previous study [5],
muscle tissue was collected 18-36 h after the final task. Rats were
euthanized by pentobarbital overdose (Nembutol: 120 mg/kg).
FDS muscle from each reaching limb was harvested immediately
after euthanasia. After harvesting, each muscle sample was cut
into two pieces and these saved, respectively, for molecular
biological and biochemical analyses and histological analysis.
Specifically, muscles were cut across the midbelly portion and
the distal part was used for molecular biological and biochemical
analyses. The proximal part was used for histological analysis. We
cut from the midbelly portion of the muscle to measure the CSA at
the site where the muscle fiber became thickest [38, 39]. Muscle
samples were flash frozen and stored at —80 “C until analyzed.

Morphological analysis of FDS muscles

A total of 24 frozen muscle samples were analyzed, from the
Control group at 3 weeks (n = 6) and 6 weeks (n = 6) and
from the Task group at 3 weeks (n = 6) and 6 weeks (n = 6).
These samples were embedded in optimal cutting temperature
compound (Sakura Fintek, Torrance, CA, USA), and cross sections
(8 um) were cut with a cryostat (CM1510S, Leica, Wetzlar,
Germany) . These muscle cryosections were stained with
hematoxylin and eosin (H&E) and images of the stained samples
obtained with an optical microscope (BZ-9000, KEYENCE, Osaka,
Japan) . Muscle fiber CSAs were measured from captured images
using Image J software (National Institutes of Health, Bethesda,
MD, USA) . Analysis was performed on at least 200 muscle fibers
per muscle and these values were averaged.

RNA isolation

Muscles were homogenized in ice-cold Trizol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instructions.
After incubation for 5 min at room temperature, the mixture was
centrifuged at 15,000 g for 10 min at 4 ‘C . The supernatant was
transferred to a tube, a 1/5 volume of chloroform was added and
sample was mixed. The mixture was incubated for 5 min at room
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temperature, then centrifuged at 15,000 g for 10 min at 4°C . The
aqueous layer was transferred to another tube and mixed with
0.8 volume isopropanol by pipetting. The mixture was incubated
for 10 min at room temperature, then centrifuged at 15,000 g for
10 min at 4°C . The RNA pellet was washed with 70% ethanol and
centrifuged at 15,000 g for 10 min at 4C . RNA was dissolved in
20 pl RNase-free water with RNase inhibitor (final concentration
2 pg/ul) and further subjected to DNase treatment and reverse
transcription using a ReverTra Ace gPCR RT Master Mix (Toyobo,
Osaka, Japan).

Real-time guantitative reverse transcription PCR

Quantitation of gene expression was determined by real-time
quantitative reverse transcription PCR (qRT-PCR). qRT-PCR
reactions contained 2 ul cDNA, 10 ul TagMan® Fast Advanced
Master Mix (Life Technologies, Carlsbad, CA, USA) and 1
pl primers. The PCR reaction analysis was performed with a
StepOnePlus Real-Time PCR system (Applied Biosystems, Foster
City, CA, USA), using the AA Ct method. The primers were : NGF
(Ngf, Rn01533872_m1), GDNF (Gdnf, Rn00569510_m1), MuRF1
(Trim63, RN00590197_m1), Atrogin-1 (Fbxo32, Rn00591730_
m1) . Beclin1 (Becn1, Rn00586976_m1) . Atg5s (Atg5.
Rn01767063_m1), LC3 (Anxa3, Rn00563181_m1) and B-actin (Actb,
Rn00667869_m1), all from TagMan Gene Expression Assays
(Life Technologies). B-Actin was used as an endogenous control to
normalize results for each sample.

Protein isolation

Frozen muscle samples were homogenized in RIPA buffer plus
10% protease inhibitor cocktail (1 mg protein/10 ml RIPA),
tissue lysates were centrifuged at 14,000 g for 10 min and the
supernatants collected. Total protein was determined using the
BCA-200 protein assay kit (Pierce, Rockford, IL, USA).

Western blot analysis

After measuring total protein content, each extract was adjusted
to a concentration of 2 pg/pl with an appropriate volume of
RIPA buffer for sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Lysates were mixed with equal
volumes of EzApply (Atto, Tokyo, Japan) containing 100 mM Tris-
HCL buffer (pH 8.8). 2% SDS, 20% sucrose, 0.06% bromophenol
blue and 100 mM DTT and were heated at 95°C for 5 min. For SDS-
PAGE, 15-30 pl aliquots of samples were loaded into individual
lanes and separated on a precast polyacrylamide gel (10%-18%,
Bio-Rad, Hercules, CA, USA) at a constant voltage of 200 V for
30-45 min. Protein bands were then transferred to a 0.2 um
polyvinylidene difluoride (PVDF) membrane (Bio-Rad) by electro-
blotting at a constant current of 1.3 A for 5 or 7 min, using a
rapid transfer system (Trans-Blot Turbo, Bio-Rad) . After transfer,
western blotting was performed with a protein detection system
(SNAP i.d. 2.0, Merck Millipore, Billerica, MA, USA). Blots were
blocked against nonspecific reactions with 0.5% (w/v) nonfat
dried milk or 1% (w/v) bovine serum albumin, diluted in Tris-
buffered saline containing either 0.1% (v/v) Tween 20 (TBS-T),
or with PVDF Blocking Reagent (Can Get Signal, Toyobo). Blots
were then incubated overnight at 4°C with antibodies directed
against NGF (sc-548, Santa Cruz Biotechnology. CA, USA),
GDNF (sc-328, Santa Cruz Biotechnology), MuRF1 (ab77577,
Abcam, Cambridge, MA, USA), Beclin1 (PDO17, MBL International
Corporation, Nagoya, Japan) or Atg5-Atg12 (PM050, MBL
International Corporation). Blots were then washed, incubated
with the appropriate secondary antibodies and washed again.
Stained bands were then visualized using the ECL Prime Western
Blotting Detection System (RPN2232, GE Healthcare Japan, Tokyo,
Japan) according to the manufacturer’s instructions. Images were
captured and documented with a CCD system (Light Capture
I, Atto). After measurements, membranes were stripped using
stripping buffer (Restore Plus, Pierce, Rockford, IL, USA) and
stained with Coomassie Brilliant Blue (CBB) to verify equal loading
in all lanes [40]. Densitometric analysis of these images was
performed using imaging analysis software (CS analyzer 3.0, Atto)
and normalized to the optical density of the CBB stain of each
band.

Enzyme-linked immunosorbent assay (ELISA)

Tissue lysates from the Control group at 6 weeks (n = 5) and
Task group at 6 weeks (n = 5) were analyzed using an ELISA kit
for rat TNF-a (Ray Biotech, Norcross, GA, USA), following the
manufacturer’s protocol. The minimum assay sensitivity for TNF-
a was 25 pg/ml. Data (pg protein) were normalized to pg total
protein.
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Statistical analysis

Values are presented as means * standard error of the mean (SEM).
Comparison of body weights, grip strengths and mechanical
hyperalgesia values were performed by two-way repeated analysis
of variance (ANOVA), followed by Holm-Sidak multiple comparison
tests. Other comparisons were analyzed using Student’s t-test,
for time-matched data from two groups. For transparency, both
significant differences (P < 0.05) and trends (0.05 < P < 0.1) are
reported, where appropriate. A P value of < 0.05 was considered
significant. Data were analyzed using SigmaStat 4.0 statistical
software (Systat Software Inc., San Jose, CA, USA) .

Results :

Parameters from the voluntary repetitive reaching and grasping
task

The rats performed approximately 4,000 reaches and grasps
during the first week and approximately 2,000 additional
reaches and grasps during each subsequent week (Table 1). As
a result, the total number of reaches and grasps throughout the
experimental period exceeded 14,000. There were more reaches
and grasps during the first week, compared with other weeks,
because the rats attempted the task even when pellets were not
delivered. Beginning in the second week, rats attempted the reach
only when pellets were distributed. In total, the rats obtained
approximately 1,100 food pellets per week. Thus, the total number
of food pellets obtained reached approximately 6,600 throughout
the experimental period. The rats participated in the task for an
average of approximately 5.6 h each week, or approximately 34 h
throughout the 6-week experiment.

Body weight and grip strength

Body weights gradually increased in both Control and Task groups
from week 0 (204.7%+2.7 and 215.3+2.4 g, respectively) to
week 6 (231.7%6.1 and 237.5+3.0 g, respectively). There were
no significant differences in body weight between Control and
Task groups. In the Control group, grip strengths did not change,
compared with those at week 0, throughout the experimental
period (Fig. 3). In the Task group, grip strengths declined
significantly from week 2 to week 6, compared with at week
0 (P < 0.05) and were significantly lower than in the Control
group at 6 weeks (P < 0.01). Grip strengths of the Task group
decreased rapidly until week 3 and maintained an approximately
25% decrease, compared with initial values, from week 3 to week
5. The maximum decrease in grip strength in the Task group was
evident at 6 weeks, a 32.4% decrease.

Forearm flexor withdrawal threshold

Muscle mechanical hyperalgesia was measured as forearm flexor
withdrawal threshold values. In the Control group, forearm flexor
withdrawal thresholds did not change, compared with those at
week 0 (Fig. 4). In the Task group, forearm flexor withdrawal
thresholds declined significantly from week 3 to week 6, compared
with initial values (P < 0.05). These values were significantly lower
than those in the Control group from week 2 to week 6 (P < 0.05).
Forearm flexor withdrawal threshold values for rats in the Task
group were gradually decreased up to 6 weeks. The maximum
decrease in forearm flexor withdrawal threshold in the Task group
was that measured at 6 weeks, a decrease of 11.0%, compared
with initial values.

Morphological analysis of FDS muscle

Relative muscle weight (ratio of muscle wet weight normalized
to body weight) and muscle fiber CSA values of FDS were not
significantly different between the two groups at 3 weeks (Fig. 5 A
and B). However, both values were significantly lower in the Task
group than in the Control group at 6 weeks (P < 0.05 and P < 0.01,
respectively).

NGF, GDNF and TNF-a expression in FDS muscle

The neurotrophic factors NGF and GDNF and the inflammatory
cytokine TNF-a have been implicated in muscle mechanical
hyperalgesia [16, 19, 41, 42]. We found no significant differences,
between Control and Task groups, in NGF or GDNF mRNA levels
at 3 and 6 weeks (Fig. 6 A and B). Consistent with this, western
blotting showed no differences in NGF and GDNF protein levels
in the two groups at 6 weeks (Fig. 6C). There were also no
differences in TNF-a levels, determined by ELISA, in the two
groups at 6 weeks (Fig. 7).

Expression of ubiquitin-proteasome and autophagy-lysosome
related proteins in FDS muscle
MuRF1 and Atrogin-1 were identified as two muscle-specific E3

ubiquitin ligases, part of the ubiquitin-proteasome pathway, that
were increased transcriptionally in skeletal muscle under atrophy-
inducing conditions. Beclin1 mediates accumulation of Atg
proteins, such as the Atg5-Atg12 conjugation and LC3 conjugation
systems, located in pre-autophagosomal structures. Such factors
are considered essential for formation of the autophagic vesicle
and for triggering autophagy and phagophore formation. At 3
weeks, expression of E3 ubiquitin ligases and Atg genes were not
significantly different in the Control and Task groups (Fig. 8A). At
6 weeks, the Task group had significantly higher mRNA levels of
MuRF1 and Beclin1, compared with the Control group (P < 0.05)
(Fig. 8B). The Task group also had higher levels of Atg5 mRNA (P
= 0.071). Based on these qRT-PCR results, we examined protein
levels, at 6 weeks, of only those molecules showing differences in
mRNA expression in the two groups.

By western blotting, rats in the Task group had higher levels of
MuRF1 protein than those in the Control group at 6 weeks (P =
0.065) (Fig. 9). The Task group also had significant overexpression
of the Atg proteins Beclin1 and Atg5-Atg12, relative to the Control
group, at 6 weeks (both P < 0.05).

Discussion :

Change in grip strength across 6 weeks

It was reported that continuing highly repetitive (at least once
every 15 s) reaching and grasping tasks for 2 h/day, 3 days/week
decreased forearm grip strength in rats, beginning at 6 weeks [5,
43]. These previous studies were not designed to detect an effect
at 3 weeks, though Coq et al. did include a 1-week timepoint.
Therefore, in our experiment, we followed previously described
methodology but investigated changes in grip strength in more
detail, including at 2 and 3 weeks timepoints. We observed,
for the first time, that the decline in grip strength caused by the
repetitive tasks occurred earlier than the previous study was able
to discern.

Muscle mechanical hyperalgesia caused by repetitive reaching and
grasping tasks

We found, also for the first time, that repetitive reaching and
grasping tasks caused muscle mechanical hyperalgesia in the rats
beginning at 2 weeks. In humans, previous research showed that
23% of female workers in highly repetitive jobs reported muscle
pain in the forearm and hand muscles [1]. In rats, it was shown
that performance of a high repetition (at least once every 15 s)
handle-pulling (force criterion 60+ 5% of maximum voluntary
force) task resulted in decreased withdrawal threshold values in
the forepaws at 6 weeks [44]. Other animal studies showed that
skin pain resulted from highly repetitive tasks, with even higher
force than those used in our experiment [45]. Our study showed
that forearm flexor withdrawal thresholds were significantly
decreased from week 3 to week 6, compared with at week O.
These values were significantly lower in the Task than that in the
Control group from week 2 to week 6. Based on these results, we
determined that a rat model of voluntary repetitive reaching and
grasping tasks induced musculoskeletal disorders with forearm
muscle pain.

Factors associated with loss of grip strength

Examining the relationship between loss of grip strength and
muscle pain, Beyreuther et al. reported that intramuscular injection
of TNF-a caused muscle pain and decreased grip strength in
rats [46]. These investigators also showed that intramuscularly
injected lacosamide or gabapentin, both having antihyperalgesic
effects, improved grip strength in the presence of intramuscularly
injected TNF-a in rats. Thus, muscle pain was a contributing
factor in the declined grip strength. In our study, declines in both
grip strength and forearm flexor withdrawal in the Task group
occurred from week 2 to week 6. These results indicated that one
of the potential factors in the decline in grip strength caused by
repetitive reaching and grasping tasks was muscle pain. Additional
factors, relevant to extracellular matrix proteins and fibrosis, were
implicated in repetitive reaching and grasping tasks. Abdelmagid et
al. [7] reported an increase in collagen type | in skeletal muscle in
rats performing the reaching and grasping tasks for 9 weeks. Frara
et al. [47] observed increased matrix metalloproteinase levels
in skeletal muscle of rats performing the tasks for 3 or 6 weeks.
Cabrera et al. [48] showed increased collagen type | in skeletal
muscle after repetitive reaching and grasping tasks, and attributed
muscle fibrosis to the muscle weakness. In our study, the grip
strengths of rats in the Task group were lowest at 6 weeks. We
observed no morphological changes in FDS muscle at 3 weeks in
the Task group rats, compared with the Control group. However,
relative muscle weight and muscle fiber CSA of FDS muscle were



significantly decreased in Task group rats at 6 weeks. Previous
studies indicated a strong correlation between muscle force and
muscle volume or CSA [23-25]. Thus, our findings suggested that
the loss of grip strength in the Task group at 6 weeks may have
been caused not only by muscle mechanical hyperalgesia, but also
by muscle atrophy.

Molecular mechanisms underlying FDS muscle atrophy

The balance between protein synthesis and degradation
determines whether a muscle undergoes hypertrophy or atrophy.
It was previously demonstrated that chronic low frequency
stimulation (10 Hz, 10 h/day) decreased rat extensor digitorum
longus (EDL) muscle weight after 4 weeks [49]. Katzeff et al.
reported, using rats, that long-term (4 weeks) voluntary wheel
running decreased protein synthesis rates of the gastrocnemius,
but not the soleus, muscle [50]. Cunha et al. reported that a single
session of running exercise, until exhaustion, in mice activated the
26S proteasome, leading to protein degradation in the plantaris
muscle immediately after exercise. This was no longer activated at
48 h after the exercise session [32]. Moreover, these investigators
reported that the effects of long-term (8 weeks) running exercise
in mice, also activation of the 26S proteasome in plantaris
muscle, persisted until even 48 h after the last exercise. Hence,
in fast-twitch muscles, long-term repetitive low intensity muscle
contraction may cause skeletal muscle atrophy by decreasing
protein synthesis and increasing protein degradation. FDS muscle
in the rat is known to have a high content of fast-twitch fibers [51].
Overall, the FDS muscle atrophy induced by long-term repetitive
reaching and grasping tasks (that is, long-term repetitive muscle
contraction) likely resulted from decreased protein synthesis and
increased protein degradation.

Two major protein degradation pathways, the ubiquitin-
proteasome and autophagy-lysosome systems, are activated
during muscle atrophy and contribute, to varying extents, to
loss of muscle mass. In the ubiquitin-proteasome system, E3
ubiquitin ligase (MuRF1) can negatively regulate skeletal muscle
mass. Long-term (8 weeks) running exercise in mice elicited
increased MuRF1 protein expression and 26S proteasome activity
in plantaris muscle [32]. Several studies showed that excessive
autophagy activation aggravated muscle wasting [52-55]. Long-
term (4 weeks) voluntary wheel running in mice led to increased
expression of Beclin1 and LC3Il proteins in plantaris muscle [33].
Our results showed that long-term (6 weeks) repetitive reaching
and grasping tasks increased expression of MuRF1, Beclin1
and Atg5-Atg12 proteins, suggesting induction of the ubiquitin-
proteasome and autophagy-lysosome systems in FDS muscle.
Moreover, overexpression of MuRF1, Beclin1 and Atg5, at both
mMRNA and protein levels, coincided temporally with FDS muscle
atrophy in the Task group at 6 weeks. Consequently, we propose
that activation of the ubiquitin-proteasome and autophagy-
lysosome systems contributed to FDS muscle atrophy in the Task

group.

Relationship between muscle mechanical hyperalgesia and NGF,
GDNF and TNF-a levels in FDS muscle

NGF, GDNF and TNF-a produced muscle mechanical hyperalgesia
when injected into skeletal muscle [16, 19, 41, 42]. In addition,
upregulation of NGF and GDNF in EDL muscle was essential to
mechanical hyperalgesia in an animal model of DOMS, caused by
repeated lengthening contractions [15, 16]. DOMS after intense
acute swimming, leading to upregulated TNF-a in soleus muscle,
was required for mechanical hyperalgesia [11]. Accordingly,
we measured NGF, GDNF and TNF-a levels in FDS muscle to
investigate the mechanism of muscle mechanical hyperalgesia
caused by continuing repetitive reaching and grasping tasks. Barbe
et al. reported that performance of voluntary repetitive reaching
and grasping tasks increased TNF- o levels in rat forearm flexor
muscle at 8, but not at 6 weeks [5, 43]. In our study, NGF, GDNF
and TNF-a mRNA and protein levels in the Task group were
not significantly increased at 3 or 6 weeks, times when muscle
mechanical hyperalgesia occurred. The observation that TNF-
a protein levels did not change in FDS muscle before 8 weeks
was consistent with previous findings [5, 43]. Therefore, we
concluded that muscle mechanical hyperalgesia, resulting from
continuing repetitive reaching and grasping tasks from week 3
to week 6 may not have been caused by NGF, GDNF or TNF-a .
This interpretation is consistent with those of Xin et al. [11], who
reported that inflammation and pain in a WMSD model (albeit
using a different force magnitude from that in our study, that
is, a difference in intensity in task performance,) do not involve
the same pathway. Elliott et al. showed that performance of
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voluntary repetitive reaching and grasping tasks increased levels
of substance P and its preferred receptor, neurokinin-1, in the
spinal cord dorsal horn at 6 weeks [10]. Intense noxious stimuli
induce substance P release from the central terminals of dorsal
root ganglion neurons. Substance P then binds to the neurokinin
1 receptor and sensitizes dorsal horn neurons. Thus, central
sensitization may have contributed to the muscle pain in rats
performing the voluntary repetitive reaching and grasping tasks.
Further study will be necessary, investigating the roles of not only
skeletal muscle, but also the central nervous system, in muscle
pain caused by repetitive tasks.
In conclusion, our study demonstrated that long-term exposure to
excessive repetitive motion caused loss of grip strength, muscle
pain and skeletal muscle atrophy. These findings indicated that
muscle pain can trigger a loss of grip strength within a relatively
short experimental period and that skeletal muscle atrophy and
muscle pain are both involved. Furthermore, such exposures may
enhance protein degradation through the ubiquitin-proteasome
and autophagy-lysosome systems, thereby decreasing skeletal
muscle mass.

Acknowledgements :

The authors are grateful to Yu-Ting Cheng (Nagoya University

Hospital) and Yuki Ogawa (Nagoya City Rehabilitation Center)

for technical assistance in performing the experiments. This work

was supported in part by a grant from A-kit Co., Ltd. and a grant
from the Public Advertisement Research Project of Nihon Fukushi

University.

Author contribution statement :

Mitsuhiro Fujiwara, Shigeyuki Suzuki, Masahiro Iwata and Takayuki

Inoue conceived and designed the project. Mitsuhiro Fujiwara,

Masahiro Iwata, Yosuke Aizawa, Natsumi Yoshito and Kazuhiro

Hayashi acquired the data. Mitsuhiro Fujiwara, Shigeyuki Suzuki

and Masahiro Iwata analyzed and interpreted the data and wrote

the paper.

References :

1 Ranney D, Wells R and Moore A (1995) Upper limb
musculoskeletal disorders in highly repetitive industries :
precise anatomical physical findings. Ergonomics 38, 1408-23.
Alperovitch-Najenson D, Carmeli E, Coleman R and Ring H.
(2004) Handgrip strength as a diagnostic tool in work-related
upper extremity musculoskeletal disorders in women. Sci
World J 4, 111-7.

3 Barbe MF, Barr AE, Gorzelany I, Amin M, Gaughan JP and
Safadi FF (2003) Chronic repetitive reaching and grasping
results in decreased motor performance and widespread
tissue responses in a rat model of MSD, J Orthop Res 21,
167-76.

4 Clark BD, BarrAE, Safadi FF, Beitman L, Al-Shatti T, Amin M,
Gaughan JP and Barbe MF (2003) Median nerve trauma
in a rat model of work-related musculoskeletal disorder. J
Neurotrauma 20, 681-95.

5 Barbe MF, Elliott MB, Abdelmagid SM, Amin M, Popoff SN,
Safadi FF and Barr AE (2008) Serum and tissue cytokines and
chemokines increase with repetitive upper extremity tasks, J
Orthop Res 26, 1320-6.

6 Clark BD, Al-Shatti TA, Barr AE, Amin M and Barbe MF (2004)
Performance of a high-repetition, high-force task induces
carpal tunnel syndrome in rats, J Orthop Sports Phys Ther 34,
244-53.

7 Abdelmagid SM, Barr AE, Rico M, Amin M, Litvin J, Popoff SN,
Safadi FF and Barbe MF (2012) Performance of repetitive
tasks induces decreased grip strength and increased fibrogenic
proteins in skeletal muscle : role of force and inflammation.
PLoS One 7 :e38359. doi: 10.1371/journal.pone.0038359.
Epub 2012 May 31.

8 Gao HGL, Fisher PW, Lambi AG, Wade CK, Barr-Gillespie
AE, Popoff SN and Barbe MF (2013) Increased serum and
musculotendinous fibrogenic proteins following persistent low-
grade inflammation in a rat model of long-term upper extremity
overuse. PLoS One 8 : e71875. Published online 2013 Aug 28.
doi 1 10.1371/journal.pone.0071875.

9 Fedorczyk JM, Barr AE, Rani S, Gao H, Amin M, Amin S, Litvin
J. and Barbe MF (2010) Exposure dependent increases in IL-1
beta, substance P, CTGF and tendinosis in flexor digitorum
tendons with upper extremity repetitive strain injury. J
Orthoped Res 28, 298-301.

10 Elliott MB, Barr, A. E. and Barbe, M. F. (2009) Spinal substance
P and neurokinin-1 increase with high repetition reaching.
Neurosci Letters 454, 33-7.

11 Xin DL, Hadrévi J, Elliott ME, Amin M, Harris MY, Barr-Gillespie
AE and Barbe MF. (2017) Effectiveness of conservative
interventions for sickness and pain behaviors induced by a

N

N
G

Fea | WEHEOH

HSH

FHIV w—NICr>C

We | ISNHSH

LM B

PR BHRR O BI D HF R

s

AR

125




Aiseikai Healthcare Corporation

126

high repetition high force upper extremity task. BMC Neurosci.
18, 36. doi : 10.1186/512868-017-0354-3.

12 Nasu T, Taguchi T and Mizumura K (2010) Persistent deep
mechanical hyperalgesia induced by repeated cold stress in
rats. Eur J Pain 14, 236-44. doi: 10.1016/j.ejpain.2009.05.009.
Epub 2009 Jun 26.

13 Borghi SM, Zarpelon AC, Pinho-Ribeiro FA, Cardoso RDR,
Martins-Pinge MC, Tatakihara RI, Cunha TM, Ferreira SH, Cunha
FQ. Casagrande R and Verri WA (2014) Role of TNF-alpha/
TNFRT in intense acute swimming-induced delayed onset
muscle soreness in mice. Physiol Behav 128, 277-287.

14 Taguchi T, Matsuda T, Tamura R, Sato J and Mizumura K (2005)
Muscular mechanical hyperalgesia revealed by behavioural
pain test and c-Fos expression in the spinal dorsal horn after
eccentric contraction in rats. J Physiol 564, 259-68.

15 Murase S, Terazawa E, Hirate K, Yamanaka H, Kanda H, Noguchi
K, Ota H, Queme F, Taguchi T and Mizumura K (2013)
Upregulated glial cell line-derived neurotrophic factor through
cyclooxygenase-2 activation in the muscle is required for
mechanical hyperalgesia after exercise in rats. J Physiol 591,
3035-48.

16 Murase S, Terazawa E, Queme F, Ota H, Matsuda T, Hirate K,
Kozaki Y, Katanosaka K, Taguchi T, Urai H and Mizumura K
(2010) Bradykinin and nerve growth factor play pivotal roles
in muscular mechanical hyperalgesia after exercise (delayed-
onset muscle soreness). J Neurosci 30, 3752-61.

17 Turrini P, Gaetano C, Antonelli A, Capogrossi MC and Aloe
L (2002) Nerve growth factor induces angiogenic activity in
a mouse model of hindlimb ischemia. Neurosci Letters 323,
109-12.

18 Amano T, Yamakuni T, Okabe N, Sakimura K and Takahashi
Y (1991) Production of nerve growth factor in rat skeletal
muscle. Neurosci Letters 132, 5-7.

19 Murase S, Kato K, Taguchi T and Mizumura K (2014) Glial cell
line-derived neurotrophic factor sensitized the mechanical
response of muscular thin-fibre afferents in rats. Eur J Pain 18,
629-38.

20 Henriksen M, Rosager S, Aaboe J, Graven-Nielsen T and Bliddal

H (2011) Experimental knee pain reduces muscle strength. J

Pain 12, 460-7.

Park J and Hopkins JT (2013) Induced anterior knee pain

immediately reduces involuntary and voluntary quadriceps

activation. Clin J Sports Med 23, 19-24.

22 Son SJ, Kim H, Seeley MK, Feland JB and Hopkins JT (2016)
Effects of transcutaneous electrical nerve stimulation on
quadriceps function in individuals with experimental knee pain.
Scand J Med Sci Sports 26, 1080-90.

23 Bamman MM, Newcomer BR, Larson-Meyer DE, Weinsier RL and
Hunter GR (2000) Evaluation of the strength-size relationship
in vivo using various muscle size indices. Med Sci Sports Exerc
32, 1307-13.

24 Blazevich AJ, Coleman DR, Horne S and Cannavan D (2009)
Anatomical predictors of maximum isometric and concentric
knee extensor moment. Eur J Appl Physiol 105, 869-78.

25 Fukunaga T, Miyatani M, Tachi M, Kouzaki M, Kawakami Y and
Kanehisa H (2001) Muscle volume is a major determinant of
joint torque in humans. Acta Physiolog Scand 172, 249-55.

26 Solomon V and Goldberg AL (1996) Importance of the ATP-
ubiquitin-proteasome pathway in the degradation of soluble
and myofibrillar proteins in rabbit muscle extracts. J Biol Chem
271, 26690-7.

27 Bodine SC, Latres E, Baumhueter S, Lai VK, Nunez L, Clarke BA,
Poueymirou WT, Panaro FJ, Na E, Dharmarajan K, Pan ZQ,
Valenzuela DM, DeChiara TM. Stitt TN, Yancopoulos GD and
Glass DJ (2001) Identification of ubiquitin ligases required for
skeletal muscle atrophy. Science 294, 1704-8.

28 Bodine SC and Baehr LM (2014) Skeletal muscle atrophy and
the E3 ubiquitin ligases MuRF1 and MAFbx/atrogin-1. Amer J
Physiol Endo Metab 307, E469-84.

29 Nakatogawa H, Ichimura Y and Ohsumi Y (2007) Atg8, a
ubiquitin-like protein required for autophagosome formation,
mediates membrane tethering and hemifusion. Cell 130, 165-
78.

30 Suzuki K, Kirisako T, Kamada Y, Mizushima N, Noda T and
Ohsumi Y (2001) The pre-autophagosomal structure
organized by concerted functions of APG genes is essential for
autophagosome formation. EMBO J 20, 5971-81.

31 Tassa A, Roux MP, Attaix D and Bechet DM (2003) Class IlI
phosphoinositide 3-kinase--Beclin1 complex mediates the
amino acid-dependent regulation of autophagy in C2C12
myotubes, Biochem J 376, 577-86.

32 Cunha TF, Moreira JB, Paixao NA, Campos JC, Monteiro AW,

2

—

Bacurau AV, Bueno CR Jr, Ferreira JC and Brum PC (2012)
Aerobic exercise training upregulates skeletal muscle calpain
and ubiquitin-proteasome systems in healthy mice. J Appl
Physiol 112, 1839-46.

33 Lira VA, Okutsu M, Zhang M, Greene NP, Laker RC, Breen DS,
Hoehn KL and Yan Z (2013) Autophagy is required for exercise
training-induced skeletal muscle adaptation and improvement
of physical performance. FASEB J 27, 4184-93.

34 Kimura S, Inaoka PT and Yamazaki T (2012) Influence of
passive stretching on inhibition of disuse atrophy and
hemodynamics of rat soleus muscle. J Jon Phys Ther Assoc 15,
9-14.

35 Agata N, Sasai N, Inoue-Miyazu M, Kawakami K, Hayakawa
K. Kobayashi K and Sokabe M (2009) Repetitive stretch
suppresses denervation-induced atrophy of soleus muscle in
rats. Musc Nerve 39, 456-62.

36 Metz GA and Whishaw IQ (2000) Skilled reaching an
action pattern : stability in rat (Rattus norvegicus) grasping
movements as a function of changing food pellet size. Behav
Brain Res 116, 111-22.

37 Nakano J, Sekino Y, Hamaue Y, Sakamoto J, Yoshimura
T, Origuchi T and Okita M (2012) Changes in hind paw
epidermal thickness, peripheral nerve distribution and
mechanical sensitivity after immobilization in rats. Physiol Res
61, 643-7.

38 Miyazaki M, Noguchi M and Takemasa T (2008) Intermittent
reloading attenuates muscle atrophy through modulating Akt/
mTOR pathway. Med Sci Sports Exerc 40, 848-55.

39 Ishihara A, Kawano F, Ishioka N, Oishi H, Higashibata A,
Shimazu T and Ohira Y (2004) Effects of running exercise
during recovery from hindlimb unloading on soleus muscle
fibers and their spinal motoneurons in rats. Neurosci Res 48,
119-27.

40 Welinder C and Ekblad L (2011) Coomassie staining as loading

control in western blot analysis. J Proteome Res 10, 1416-9.

Hoheisel U, Unger T and Mense S (2005) Excitatory

and modulatory effects of inflammatory cytokines and

neurotrophins on mechanosensitive group IV muscle afferents

in the rat. Pain 114, 168-76.

42 Svensson P, Cairns BE, Wang K and Arendt-Nielsen L (2003)
Injection of nerve growth factor into human masseter muscle
evokes long-lasting mechanical allodynia and hyperalgesia.
Pain 104, 241-7.

43 Coq JO, Barr AE, Strata F, Russier M, Kietrys DM, Merzenich
MM, Byl NN and Barbe MF (2009) Peripheral and central
changes combine to induce motor behavioral deficits in a
moderate repetition task. Exp Neurol 220, 234-45.

44 Elliott MB, Barr AE, Clark BD, Amin M, Amin S and Barbe
MF (2009) High force reaching task induces widespread
inflammation, increased spinal cord neurochemicals and
neuropathic pain. Neurosci 158, 922-31.

45 Fisher PW, Zhao Y, Rico MC, Massicotte VS, Wade CK, Litvin
J, Bove GM, Popoff SN and Barbe MF (2015) Increased
CCNZ2, substance P and tissue fibrosis are associated with
sensorimotor declines in a rat model of repetitive overuse
injury. J Cell Commun Signaling 9, 37-54.

46 Beyreuther BK, Geis C, Stohr T and Sommer C (2007)
Antihyperalgesic efficacy of lacosamide in a rat model for
muscle pain induced by TNF. Neuropharm 52, 1312-7.

47 Frara N, Abdelmagid SM, Tytell M, Amin M, Popoff SN, Safadi FF
and Barbe MF. (2016) Growth and repair factors, osteoactivin,
matrix metalloproteinase and heat shock protein 72, increase
with resolution of inflammation in musculotendinous tissues in
a rat model of repetitive grasping. BMC Musculoskelet Disord
17.34.doi : 10.1186/512891-016-0892-3.

48 Cabrera D, Gutiérrez J, Cabello-Verrugio C, Morales MG,
Mezzano S, Fadic R, Casar JC, Hancke JL, Brandan E (2014)
Andrographolide attenuates skeletal muscle dystrophy in
mdx mice and increases efficiency of cell therapy by reducing
fibrosis. Skelet Muscle 4, 6. doi : 10.1186/2044-5040-4-6.
eCollection 2014. PMID : 24655808

49 Delp MD and Pette D (1994) Morphological changes during
fiber type transitions in low-frequency-stimulated rat fast-twitch
muscle. Cell Tiss Res 277, 363-71.

50 Katzeff HL, Ojamaa KM and Klein | (1995) The effects of long-
term aerobic exercise and energy restriction on protein
synthesis. Metab : Clin Exp 44, 188-92.

51 Delp MD and Duan C (1996) Composition and size of type
I, 1A, 1ID/X, and 1B fibers and citrate synthase activity of rat
muscle. J Appl Physiol 80, 261-70.

52 Jannig PR, Moreira JB, Bechara LR, Bozi LH, Bacurau AV,
Monteiro AW, Dourado PM, Wisloff U and Brum PC (2014)

4

N



Autophagy signaling in skeletal muscle of infarcted rats. PloS
One 9, e85820.

53 Mammucari C, Milan G, Romanello V, Masiero E, Rudolf R, Del
Piccolo P, Burden SJ, Di Lisi R, Sandri C, Zhao J, Goldberg AL,
Schiaffino S and Sandri M (2007) FoxO3 controls autophagy in
skeletal muscle in vivo. Cell Metab 6, 458-71.

54 Penna F, Costamagna D, Pin F, Camperi A, Fanzani A,
Chiarpotto EM, Cavallini G, Bonelli G, Baccino FM and Costelli
P (2013) Autophagic degradation contributes to muscle
wasting in cancer cachexia. Am J Pathol 182, 1367-78.

55 Zhao J, Brault JJ, Schild A, Cao P, Sandri M, Schiaffino S, Lecker
SH and Goldberg AL (2007) FoxO3 coordinately activates
protein degradation by the autophagic/lysosomal and
proteasomal pathways in atrophying muscle cells. Cell Metab
6, 472-83.

Table :

Table 1. Parameters from voluntary repetitive reaching and grasping task.
1 week 2 weeks 3 weeks 4 weeks 5weeks 6 weeks
Totalreaches and gy 535 gogo 7755 U0EOTY  I0ADENISLT TIESESE 1307 147583 ¢ 14507
grasps (n)
Total food pellets
obtained (n)
Total task
duration ()

Data are presented as mean =+ standard error of the mean.

10477603 21178+881 32670+ 1168 43550+ 1761 54575+ 2354 65792+ 2928

56£03 11205 170£07 26£10 282:12 39£13

Figure legends :

Fig. 1. Voluntary repetitive reaching and grasping for food pellets.
During the task, the rat repeatedly performs the action shown in
the photograph once every 15 s (A-D) . (A) The food pellet is
dispensed on the shelf attached to the test box placing the rat. (B
and C) The rat reaches and grasps for the food pellet placed on
the shelf. (D) The rat eats the food pellet grasped in its paw.

Fig. 2. Mechanical hyperalgesia analysis measuring forearm
withdrawal threshold. Two photographs illustrate the procedure,
as described in detail in the Materials and Methods. Each rat,
with head and trunk covered, was suspended in a homemade
hammock (left). This position allowed the forelimbs to freely
move, with the arrow indicating the direction of mechanical forces
applied to the forearm flexors (right).

Fig. 3. Changes in grip strength. Data are means= standard error
of the mean. *P < 0.05, **P < 0.01, compared with week 0. 2P<
0.05, ®P < 0.01, compared with time-matched rats from the
Control group, (n = 6 per group).

Fig. 4. Change in forearm flexor withdrawal thresholds. Data
are means =+ standard error of the mean. *P < 0.05, **P < 0.01,
compared with week 0. 2P < 0.05, #@P < 0.01 compared with time-
matched rats from Control group, (n =7 in Control group and n =
10 in Task group).

Fig. 5. Morphological changes in flexor digitorum superficialis (FDS)
muscles at 3 and 6 weeks. (A) Relative muscle weight; (B) Muscle
fiber cross-sectional area (CSA). Data are means= standard error
of the mean. *P < 0.05, **P < 0.01, compared with time-matched
rats from Control group. (n = 6 per group).

Fig. 6. Expression of neurotrophic factors in flexor digitorum
superficialis (FDS) muscles. (A) nerve growth factor (NGF)
and glial cell line-derived neurotrophic factor (GDNF) mRNA
expression at 3 weeks (n = 6 per group); (B) NGF and GDNF
mRNA expression at 6 weeks (n =5 per group): (C) NGF and
GDNF protein expression at 6 weeks. Representative blots
depicting NGF and GDNF are shown. Quantitative analysis is
shown in the lower panel. Results are reported as fold changes
with respect to control levels, which were arbitrarily set to 1. Data
are means * standard error of the mean. CBB, Coomassie brilliant
blue staining for total protein.

Fig. 7. Expression of tumor necrosis factor (TNF) - o protein in
flexor digitorum superficialis (FDS) muscles at 6 weeks. Data are
means + standard error of the mean, (n =5 per group).

Fig. 8. mRNA expression of E3 ubiquitin ligases and autophagy-
related (Atg) genes in flexor digitorum superficialis (FDS) muscles.
(A) At 3 weeks. (B) At 6 weeks. Results are reported as fold
changes with respect to control levels, which were arbitrarily set
to 1. Data are means = standard error of the mean. *P < 0.05,
compared with time-matched rats in Control group, (n = 6 per
group). MuRF1, Muscle RING finger 1; Atrogin-1, Muscle atrophy
F-box/Atrogin-1; Atg, Autophagy-related; LC3, Microtubule-
associated protein 1 light chain 3.

Fig. 9. Levels of muscle RING finger 1 (MuRF1), Beclin1 and
autophagy-related (Atg) 5-Atg12 proteins in flexor digitorum
superficialis (FDS) muscles at 6 weeks. Representative blots
depicting MuRF1, Beclin1 and Atg5-Atg12 are shown. Quantitative
analysis is shown in the lower panel. Results are reported as fold

Aiseikai Healthcare Corporation

changes with respect to control levels, which were arbitrarily set
to 1. Data are means + standard error of the mean. *P < 0.05,
compared with time-matched rats in Control group, (n = 6 per
group). CBB, Coomassie brilliant blue staining for total protein.
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Relationship between contrast
enhancement of basal ganglia perivascular
space and endolymphatic hydrops (2nd
report)

Toshio Ohashi', Shinji Naganawa?, Toshio Katagiri', Kayao Kuno?

! Department of Radiology, Kamiiida Daiichi General Hospital
2 Department of Radiology, Nagoya University Graduate School of Medicine
3 Department of Otorhinolaryngology, Kamiiida Daiichi General Hospital

Purpose : Previously, we had demonstrated that the signal
intensity of the perivascular space (SI-PVS) in the basal ganglia is
related to the endolymphatic hydrops (EH) , and presumed that
the development of the EH might link the glymphatic function.
However, the study is insufficient to support this hypothesis,
because we did not have showed the relationship between the
SI-PVS and its volume and the relationship between SI-PVS and
SI of the cerebral cisterns. Therefore, we should examine their
relationships.

Methods ©In 20 patients with a suspicion of EH, a MR
cisternography (MRC) and a heavily T2-weighted 3D-FLAIR
sequence (hT2w-3D-FLAIR) were obtained at 4 hours after IV-Gd.
MR imaging was performed on 3T MR unit. The PVS in the basal
ganglia was segmented on MRC using a region-growing method.
The PVS regions were copied and pasted onto the hT2w-3D-FLAIR.
The volume of PVS (Vol-PVS) and SI-PVS was measured. And then,
the circular ROIs of 3mm diameter were set within the bilateral
ambient cistern on the MRC. The ROIs on the MRC were copied
and pasted onto the hT2w-3D-FLAIR and the SI of ambient cistern
(SI-Amb) was measured.

Result : There was no significant correlation between the
measurements of the Vol-PVS and the SI-PVS (r=-0.399, P=0.081).
There was a positive linear correlation between the measurements
of the SI-Amb and the SI-PVS (r=0.655, P=0.002).

Conclusion Sl of PVS is not related to volume of PVS, instead SI
of PVS is related to CSF enhancement. These results may help to
unveil the mystery of the glymphatic system.

The 45" annual meeting of the Japanese Society for Magnetic
Resonance in Medicine 2017, Tochigi, 16 Sep. 2017
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Post-stroke apathy and depression: the
relationship between symptoms and the
course of recovery

Kawasaki Megumi’ -2, Hoshiyama Minoru?

1) Kami-iida rehabilitation hospital
2) Graduate School of Medicine, Nagoya University, Japan,
3) Brain & Mind Research Center, Nagoya University, Japan

Abstract

Patients after cerebrovascular diseases (CVD) often suffer from
apathy and depression, which are called post-stroke apathy
and depression respectively. Post-stroke apathy and depression
cause functional disabilities in daily living along with the physical
disabilities. It is important to find patients suspected to have
apathy and depression and to provide intervention appropriate
for their symptoms. However, apathy and depression have not
been evaluated properly in the clinical course of CVD, and
there has been little research regarding these symptoms after
stroke. Moreover, the relationship between post-stroke apathy
and depression is still unclear, and effective intervention for the
patients has not been established.

The objectives in the present study were to clarify changes in
apathy and depression and their relation to cognitive and daily
function in patients during the recovery period after stroke.
Forty-two participants with CVD were involved (29 males and
13 females, aged 69.1+12.4 (SD) years old). Participants were
evaluated using the following: Apathy Scale (AS), Self-rating
Depression Scale (SDS), Mini Mental State Examination (MMSE),
Clinical Assessment for Attention (CAT), and Trail-Making-Test A, B
(TMT-A, B). Quality of life (QOL) was evaluated by Stroke Specific
Quality of Life Scale (SS-QOL). Functional status was assessed
by the Functional Independence Measure (FIM). The relationship
between apathy and depression scales and other scores at the
beginning and end of rehabilitation during the recovery phase after
stroke was examined.

The apathy of patients their admission for rehabilitation after CVD
tended to remain until discharge. The incidence of apathy did not
correlate with depression at admission in the patients, but it came
to correlate with depression by the time of discharge. The patients
with apathy after CVD suffered more from cognitive disturbance,
attention and executive dysfunctions than those without apathy.
The ADL score did not correlate with apathy or depression scores.
The QOL score correlated with apathy and depression scores in
the patients after CVD. Apathy and depression showed different
relationships with cognitive and physical function during the
recovery stage, when therapists mainly manage their activities
in the hospital. Apathy and depression symptoms should be
distinguished from each other, and should be properly evaluated
to provide appropriate intervention for both physical and mental
recovery after stroke.

Key Words : stroke, occupational therapy, motivation, depression,
rehabilitation
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