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Stimulation of bone formation
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EORES : mmmcamn, Smad, BHBE, FHEH
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Radical surgery for thoracic oesophageal groups showed a marked reduction in
cancer is highly invasive and often leads respiratory function and responded to CPT
to respiratory complications; thoracoscopic  to the same extent, although 2 weeks after
;su‘iégery_ is a less-invasive alternative. We surgery some parameters of respiratory
‘examined the need for chest physical function were significantly higher in the
 therapy (CPT) after thoracoscopic oesophag-  thoracoscopy group. Thoracoscopic surgery
kectom‘y Thirty-six consecutive patients, has been reported to be less invasive than .
randomly selected for either thoracotomy  standard thoracotomy, but our results
_ or thoracoscopic surgery, were included in suggest that the procedure is also invasive
a randomlzed clinical trial and received with respect to respiratory function and
‘CPT under the same protocol During ~ that CPT should be performed before and
‘ ;;short-term post-opemtlve follow-up, both“: ;after thoracoscoplc surgery ‘ e

I(EY WORDS CHEST PHYSICAL THERAPY; THORACOSCOPY OESOPHAGEAL CANCER;
RESPIRATORY FUNCIION

Introduction atelectasis and pneumonia after surgery for
oesophageal cancer.! We also investigated

Radical oesophagectomy for thoracic the effects of this therapy with respect to
oesophageal cancer is an invasive procedure  respiratory function (unpublished data).
that involves lymphoidectomy in the Several studies have reported that CPT is
cervical, thoracic and abdominal regions as  useful in improving respiratory function
well as thoracotomy and laparotomy, and  after thoracic/abdominal surgery.2® Thoraco-
often leads to respiratory failure post- scopicsurgery is also used in the treatment of
surgery. Recurrent neuroparalysis (which  oesophageal cancer and has been reported
iIs related to dissection around the to be less invasive than standard
recurrent nerve) and reduced coughing thoracotomy,*® although previous studies
ability (caused by dissection around the have not compared the two procedures with
airway) can also occur; both may cause respect to respiratory function. This study
post-operative complications. aimed to compare thoracoscopic surgery

Our previous studies confirmed the and thoracotomy, with regard to pre- and
efficacy of chest physical therapy (CPT) in  post-surgical respiratory function and
preventing a reduction in coughing ability,  responsiveness to CPT.
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CPT for thoracoscopic oesophagectomy

Patients and methods

PATIENTS

Patients undergoing oesophagectomy, three-
region lymph node dissection and recon-
structive surgery for thoracic oesophageal
cancer were recruited to the study between
May 1994 and May 1998. During this period
all patients operated on for oesophageal
cancer at Osaka City University Hospital
were enrolled. Patients who could not receive
CPT because of severe physical conditions
were excluded. Randomization was
performed using sealed envelopes and the
techniques were selected regardless of disease
stage. The study was approved by the local
research ethics committee and informed
consent regarding the procedures was
obtained from each patient.

SURGICAL PROCEDURES

Thoracoscopic surgery was performed by
inserting a port measuring approximately
1 cm in diameter into four points between
the axillary fossa and the seventh intercostal
space; neither costal bone resection nor
incision of the intercostal muscle was
performed. Thoracotomy was performed in
the fifth right intercostal space. In all
patients, an epigastric median incision was
made after total thoracic oesophagectomy;
reconstructive surgery of the stomach or
jejunum was then performed.

POST-SURGICAL TREATMENT

The tracheal intubation tube was removed
the day after surgery and oxygen was
administered by mask. Analgesia was
provided by continuous epidural block in all
patients. An autospirometer AS-505 (Minato,
Tokyo, Japan) was used to determine
respiratory function, with measurements
performed in a supine position. We
measured vital capacity, percentage vital

capacity, forced expiratory volume in
1 second (FEV,), percentage FEV,, and peak
expiratory flow as indices of respiratory
function on four occasions: before surgery;
before and after CPT on day 3 after surgery;
and on day 14 after surgery. We also
investigated changes in coughing ability
before and after CPT on day 3 after surgery.

For pre-operative CPT, respiration training
and respiratory muscle training were
performed from 1 to 2 weeks prior to surgery
until the day before surgery. For post-
operative CPT, coughing instruction was
performed mainly to improve ventilation
and promote expectoration from day 1 to
day 3 after surgery. At the same time,
patients were instructed to perform deep
breathing and abdominal breathing as
respiration training. After day 2 post-
surgery, training in deep breathing was
performed using intensive spirometry to
dilate the lungs. Exercise therapy was also
used, to achieve early rising. CPT was
completed when the patient was able to walk
a distance of approximately 100 m without
oxygen inhalation or dyspnoea, at about
2 weeks post-surgery.

STATISTICAL ANALYSIS

Values were compared using an unpaired
t-test. Respiratory function parameters
before and after CPT were compared using
paired t-tests. P-values < 0.05 were
considered statistically significant.

Results

Thirty-six patients with thoracic oesophageal
cancer were recruited to the study: 14
patients were randomized to the Scope
group, and underwent thoracoscopy;
22 patients were randomized to the Open
group, and underwent thoracotomy. As
shown in Table 1, there were no significant

differences in age or parameters of
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® TABLE 1:

Baseline clinical characteristics of patients enrolled in this study of chest physical therapy

for oesophagectomy

Scope group (thorécoscbpy)

Opeh group (thoracotbmy)

AR (n=14) (n=22)
Age (years) 61.8+84 589+9.3
Sex (male/female) 14/0 20/2
Vital capacity (1 3.75 £ 0.94 3.50£0.78
Vital capacity (%) 109.3 + 21.8 107.8 £ 15.0
FEV, () 2.88+£0.59 2.60 + 0.64
FEV, (%) 81.0 + 8.1 1823120
Peak expiratory flow (I/s) 7.95£2.12 7.08 £ 2.30

Values are expressed as mean # SD. No statistically significant differences were detected between the two groups.

 FEV,, forced expiratory volume in 1 s.

pre-operative respiratory function between
the two groups.

Intercostal muscle disorder related to right
thoracic lateral incision alone was observed
as a difference between the two groups. There
were no serious post-operative complications,
such as suture insufficiency or pneumonia,
in either group.

There were no significant differences in
respiratory function between the two groups
at baseline (Table 1) or before CPT on day 3
(Fig. 1). In both groups, before CPT, respiratory
function was reduced on day 3 post-surgery
compared with pre-surgical levels, however.

After CPT on day 3 post-surgery, mean
vital capacity improved from 1074 ml
(before CPT) to 1325 ml in the Scope group
and from 1068 ml to 1347 ml in the Open
group. Mean FEV, improved from 864 ml to
951 ml in the Scope group and from 871 ml
to 1028 ml in the Open group. Mean peak
expiratory flow improved from 2.30/s to
2.61/s in the Scope group and from 2.10/s to
2.51/s in the Open group. There were
significant increases in parameters other
than mean FEV, and mean peak expiratory

flow in the Scope group (Fig. 1). When the
improvement ratings for these parameters
were compared, values were slightly lower in
the Scope group but there were no significant
differences between the two groups (Fig. 2).

Coughing ability was classified into three
grades (Table 2). On day 3 post-surgery,
coughing ability before CPT was evaluated
as level 11l in six patients in the Scope group
and in 11 patients in the Open group. In
these 17 patients, FEV, per kg of body weight
before CPT was 10 ml (desired FEV, proposed
by Pontoppidan et al®) or higher. In the
remaining patients with a coughing ability
of level II or lower, changes in coughing
ability were investigated. Table 3 shows that
coughing ability improved to level III in six of
seven patients with level II coughing ability
in the Scope group, and in all 11 patients
with level II coughing ability in the Open
group. Improvement in coughing ability did
not depend on whether values before CPT
reached the desired FEV, (10 ml/kg).

On day 14 post-surgery there were no
significant differences in vital capacity or
FEV, between the two groups, although peak
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FIGURE 1: Respiratory function on
day 3 after oesophagectomy in 36
patients undergoing thoracoscopy or
thoracotomy: (A) vital capacity, (B)
forced expiratory volume in 1 s, (C)
peak expiratory flow. *P < 0.05 using
Student’s t-test. NS, not significant

expiratory flow was significantly higher in
the Scope group (Fig. 3).

Discussion

Indications are that a reduction in
coughing ability is caused by a direct
disorder of the respiratory muscle related
to thoracotomy/laparotomy, post-operative
pain, reduction of pulmonary/thoracic
compliance or glottic dysfunction.? Peak
expiratory flow depends on lung capacity at

the zero point of coughing, but a restrictive
disorder (inhalation-phase disorder) following
thoracic/abdominal surgery may affect the
start of coughing at high lung capacity, by
not providing sufficient flow.

Of the aetiological factors involved in
reduced coughing ability, neither pain nor
glottic function are affected by CPT: this
therapy is performed to improve the activity
of the respiratory muscle and thoracic
compliance. Pontoppidan et alb reported

437



T Nakatsuchi, M Otani, H Osugi et al.

CPT for thoracoscopic oesophagectomy

A
0,
(%) NS
| |
140 - T
120
100
Scope group Open group
(thoracoscopy, (thoracotomy,
n = 14) n= 22)
C
NS
(%) ul
140 -
120
100
Scope group Open group
(thoracoscopy, (thoracotomy,
n=14) n=22)

B
(%) NS
r |
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n= 14) n= 22)
FIGURE 2: Improvements in

respiratory function following
chest physical therapy on day 3
after oesophagectomy in 36
patients undergoing thoracoscopy
or thoracotomy: (A) vital capacity,
(B) forced expiratory volume in
1 s, (C) peak expiratory flow.
NS, not significant

that, to achieve sputum expectoration
without assistance, an FEV, of 10 ml/kg of
body weight or higher was required for
patients with acute respiratory failure. On
day 3 post-surgery, however, before CPT only
17 of 32 patients with a FEV, of 10 ml/kg

TABLE 2:

body weight had level III coughing ability. In
performing radical surgery for oesophageal
cancer, the desired FEV, for coughing should
also be established, considering the marked
decreases in vital capacity and FEV, that
occur immediately after surgery (Table 1 and

[l Ranking of coughing ability in patients undergoing oesophagectomy

| Loss of cough reflex

1l Existence of cough reflex, but not effective (inéffective expectoration)

il Existence of cough réﬂex, and effective (effective expectoration)
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| TABLE 3:
Improvement in cou?hmg ability by chest physical therapy on day 3 after surgery for

! thoracic oesophageal cancer

~ FEV, > 10 ml/kg body weight  FEV, < 10 mi/kg body weight

Scope group

N—>limn=6 > 1(n=1)

~ (thoracoscopy) : =1l (n=1) e R

Open group ‘ | ‘n — Il (n= 8) . = li(n=3) |
(thoracotomy) SR L

l, Loss of cough reflex, Il, existence of cough reflex, but not effective (ineffective expectoratlon), IIl existence.
of cough reflex, and eﬁectlve (effective expectoration). : :

A B
I I
(ml) NS (ml)
3000 i | 3000
T T NS
| |
2000 2000 T ‘l’
1000 1000
0 0
Scope group  Open group Scope group  Open group
(thoracoscopy, (thoracotomy, (thoracoscopy, (thoracotomy,
n=14) n=22) n=14) n=22)
C
(I/s)
| L

2 FIGURE 3: Respiratory function on
day 14 after oesophagectomy in 36
patients undergoing thoracoscopy

0 or thoracotomy: (A) vital capacity,

(B) forced expiratory volume in 1 s,

Scope group  Open group (C) peak expiratory flow. *P < 0.05

(thoracoscopy, (thoracotomy, using Student’s t-test. NS, not
n=14) n=22) significant
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Fig. 1), although CPT sufficiently improved
the coughing level even in patients with low
FEV, values (Table 3).

To investigate factors influencing the
coughing ability of respiratory muscle,
patients were divided into a thoracoscopic
surgery group and a thoracotomy group.
There was no significant difference in respira-
tory function immediately after surgery
between the groups (Fig. 1). Concerning the
rate of change after CPT, the thoracotomy
group showed higher improvement ratings
for two of three items, although there were
no significant differences (Fig. 2). Generally,
a thoracotomy-related wound is larger than
a thoracoscopic surgery-related wound but,
with sufficient analgesia, wound size does
not negatively affect CPT. In the
thoracoscopic surgery group, palpation and
chest X-ray showed that the dilatation of the
superior lung field involving the site of port
insertion was slightly reduced compared
with the dilatation of other areas, even
when analgesic effects were achieved. This
may be because of the long duration of
compression associated with hemilateral
lung ventilation compared with that in the
thoracotomy group. For these reasons, the
improvement rating may have been higher

in the thoracotomy group.

Incentive spirometry alone does not relieve
post-operative respiratory complications.”:®
CPT relieves various complications, although
it does not markedly influence respiratory
function,®!® and it is regularly performed
as standard treatment after thoracic or
abdominal surgery.!! Recently, thoracoscopic
surgery has been indicated for an increasing
number of patients and there have been
considerable changes in surgical procedures.!?
The results of this study suggest, however,
that thoracoscopic surgery - which is
considered less invasive in the acute post-
surgical phase — also requires the respiration
training and management that is performed
after standard thoracotomy.

The limitation of this study is that patients
were randomized to either thoracoscopy or
thoracotomy and both groups received CPT:
we were examining the effect of surgery
rather than physical therapy. In future, CPT
should be investigated in a randomized,
controlled, study.
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Use of Local Electroporation Enhances Methotrexate Effects
With Minimum Dose in Adjuvant-Induced Arthritis

Masahiro Tada, Kentaro Inui, Tatsuya Koike, and Kunio Takaoka

Objective. To investigate the effects of electrical
pulses on the ability of methotrexate (MTX) to attenu-
ate inflammation and subsequent joint destruction in
rats with adjuvant-induced arthritis (AIA).

Methods. Rats in the experimental group received
an intraperitoneal injection of MTX (0.125 mg/kg body
weight), followed 30 minutes later by application of
direct electrical pulses (50V, 8 Hz) to their left hind
paws with an electroporation apparatus (M+/E+
group; n = 8). The procedure was repeated twice weekly
for 3 weeks. Three control groups received the follow-
ing treatments, respectively MTX without electrical
treatment (M+/E— group; n 9), electrical treat-
ment but no MTX (M—/E+ group; n = 10), or no
electrical treatment and no MTX (M—/E— group;
n = 9). Progression of AIA was monitored by joint
swelling and radiologic and histologic changes in the
ankle joint.

Results. Three weeks after injection of the adju-
vant, and at the height of the arthritic reaction, the
swelling and radiologic and histologic changes in the left
hind paws in the M+/E+ rats were significantly re-
duced, as compared with changes observed in the con-
trol groups.

Conclusion. These results demonstrate that ap-
plication of electrical pulses in combination with use of
systemic low-dose MTX can ameliorate local arthritic
reactions. This response probably occurs because elec-
trical stimulation promotes transient passage of MTX
through pores in the cell membranes, with a resultant
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local increase in the concentration of the drug within the
cells. These results point to a potential use of electro-
chemotherapy to increase the efficacy of MTX or other
drugs in an arthritic joint that is refractory to treat-
ment, without increasing the dose of the drug.

Although new biologic agents (1) can ameliorate
inflammatory reactions and consequently protect the
joints of patients with rheumatoid disease from progres-
sive damage (2), methotrexate (MTX) remains one of
the most effective and widely used disease-modifying
antitheumatic drugs (DMARDs) (3). However, chronic
inflammation often persists in isolated joints even after
effective systemic MTX treatment, presumably as a
result of an inadequate concentration of MTX in the
joint that is refractory to treatment. In patients with
persistent inflammation, synovectomy is often indicated
for symptomatic relief, although data on the long-term
clinical effectiveness of this approach are limited (4).
Another option is an additional dose of MTX, but this
increases the risk of adverse events. Because MTX has
weak cell permeability, and the pharmacologic effects of
this drug depend upon its intracellular concentration,
any method for increasing intracellular MTX levels in
the joint may be effective in attenuating the inflamma-
tory response.

Electroporation has been used to facilitate the
transport of nonpermeable molecules into cells. Tran-
sient cell membrane pores, generated electrically, allow
nonpermeable molecules, including genes and drugs, to
enter into the cells (5). Electroporation systems are now
available for clinical use to deliver anticancer drugs into
malignant solid tumor cells (6-8) as electrochemo-
therapy. Encouraging clinical results have been reported
for the treatment of malignancies, in terms of efficacy,
safety, and cost (9). This suggests that electroporation
may be useful for the local treatment of rheumatoid
arthritis (RA) that is refractory to conventional therapy.

We used electroporation to enhance the effect of
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low-dose MTX treatment on the progression to severe
arthritis and associated joint destruction in a rat model
of adjuvant-induced arthritis (AIA) (10-12).

MATERIALS AND METHODS

Animals. Inbred 7-week-old male Lewis rats were
purchased from Charles River Japan (Kanagawa, Japan) and
housed with free access to standard laboratory chow and water,
under 12-hour dark/light cycles in conditioned air.

Induction of arthritis. The adjuvant mixture was pre-
pared by mixing dried heat-killed Mycobacterium butyricum
(Difco, Detroit, MI) in paraffin oil (Wako, Tokyo, Japan)
at a concentration of 5 mg/ml. To induce systemic arthritis, 0.2
ml of the preparation was injected into the tail bases of
8-week-old rats that had received anesthesia via ethyl ether
inhalation. :

Pulsed electrical stimulation for electroporation. For
electrical stimulation to generate transient pores in cell mem-
branes at the target tissue site, we used an electroporation
. apparatus (CUY-21; Gene System, Osaka, Japan). Direct-

current electrical pulses (8 Hz, 75 msec pulse duration, 50
volts/cm electrode distance) of 1-second duration were deliv-
ered 6 times during a single procedure. Each of the six
1-second pulses was applied by 2 parallel stainless steel elec-
trodes that were moved between each pulse through 60° in a
plane perpendicular to the long axis of the left hind paws, 30
minutes after an intraperitoneal injection of MTX or saline.
We used electrode paste (Gelaid; Nihon Koden, Tokyo, Japan)
to prevent skin burns.

Experimental protocol. The animals were assigned to
an experimental group or to 1 of 3 control groups, as follows:
MTX injection with electroporation (M+/E+ [experimental]
group; n = 8), MTX without electroporation (M+/E~ group;
n = 9), electroporation with saline (M—/E+ group; n = 10), or
no treatment (M—/E— group; n = 9).

MTX was provided by Wyeth-Pharmaceutical (Tokyo,
Japan). The dose of MTX was set to 0.125 mg/kg body
weight, based on preliminary experimental data indicating
that no significant systemic antiarthritic changes were recog-
nized at this dose. The drug was administered intraperitoneally
twice weekly for 3 weeks, and the animals were killed by
asphyxia in carbon dioxide (for radiologic and histologic
examination).

These experimental protocols were in accordance with
institutional regulations for animal care and were approved by
the Institutional Committee for Animal Care of Osaka City
University. -

Gross inspection and radiologic evaluation. Twice
weekly, the animals were weighed using an electronic balance,
and hind paw thickness was measured with digital calipers.
Three weeks after the adjuvant was injected, the animals were
killed using CO, asphyxiation, and both hind limbs were
harvested and fixed by perfusing cold 4% paraformaldehyde
through the left ventricle, followed by immersion in cold 4%

. paraformaldehyde solution. Soft x-ray images of the hind paws
were obtained with a soft x-ray apparatus (DCS-600EX; Aloka,
Tokyo, Japan) using settings of 45 kV, 4 mA, and 30 seconds of
exposure time. Destructive changes in hind paw bones seen on
radiographs were evaluated by criteria previously described by
Clark et al (13), with some modifications. Briefly, radiographic
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Figure 1. Effects of electrochemotherapy with methotrexate (MTX) on
body weight and paw swelling in rats with adjuvant-induced arthritis
(AIA). A, Weight loss was observed in all groups on day 4. There was no
significant weight difference between the 4 groups throughout the entire
study period. B, Left hind paw thickness, as measured by digital calipers,
was maximal on day 21 in the M—/E— (no treatment; n = 9), M—/E+
(electroporation with saline; n = 10), and M+/E— (MTX without
electroporation; n = 9) groups. The thickness of the left hind paw treated
with electrical pulses after administration of MTX, 0.125 mg/kg/week
(M+/E+; n = 8) was significantly decreased when compared with the
other groups. # = P < 0.05 versus the M—/E~, M—/E+, and M+/E—
groups. C, Effects of electrical pulses on paw swelling in the M+/E+
group. Electrical pulses were applied to the left hind paw only (electrically
treated [EP+]) (n = 8), not the right paw (not electrically treated [EP—])
(n = 8). Application of electrical pulses after administration of low-dose
MTX significantly inhibited hind paw swelling on days 18 and 21, as
assessed by paw thickness and when compared with EP— paws, NC =
negative control (non-adjuvant-injected model) (n = 5). * = P < 0.05
versus EP—. Bars show the mean * SEM,
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Figure 2. Gross appearance and radiographs of the hind paws of the same rat in the M+/E+
group on day 21. Following administration of MTX (0.125 mg/kg/week), electrical pulses were
applied to the left hind paw only (EP+) (A and C). Note the obvious difference in the degree of
swelling and joint damage between the left paw (EP+) and right paw (EP—) in gross appearance
(A and B), as well as on soft x-ray (C and D). See Figure 1 for definitions.

changes in terms of radiodensity, subchondral bone erosion,
periosteal reaction, and cartilage space were evaluated under
blinded conditions by 2 rheumatologists (KI and TK) and
graded on a 0-3 scale (where 0 = normal and 3 = severely
damaged).

Histologic sections. Both hind paws were harvested
from the animals for histopathologic examination. After the
removal of skin, bones in the hind paws were decalcified in a
neutral buffered 14% solution of EDTA/10% formalin, dehy-
drated in a graded ethanol series, embedded in paraffin,
sectioned sagittally into 4-pm sections, and stained with hema-
toxylin and eosin or toluidine blue. Pathologic changes were
evaluated by 2 observers according to a previously reported
rating system (14), as follows: grade 0 = normal synovium,
cartilage, and bone; grade 1 = hypertrophic synovium with
cellular infiltration without pathologic change in bone and
cartilage; grade 2 = pannus formation and cartilage erosion in
addition to the hypertrophic synovium; grade 3 = additional
severe erosion of cartilage and subchondral bone; grade 4 =
loss of joint integrity and ankylosis.

In order to identify and count osteoclastic cells, sec-
tions were stained for tartrate-resistant acid phosphate
(TRAP) using a staining kit (Sigma-Aldrich, St. Louis, MO).
TRAP-positive multinucleated cells were counted in 11 se-
lected fields (8 fields in the distal tibia and 3 fields in the talus),
all at 100X magnification.

Statistical analysis. Body weight and hind paw thick-
ness were evaluated by repeated analysis of variance and
Fisher’s protected least significant difference test. Pairwise
comparisons were made using Wilcoxon’s signed rank tests

among groups. All statistical analyses were carried out using
StatView software version 5.0 (SAS Institute, Cary, NC).
P values less than or equal to 0.05 were considered signifi-
cant.

RESULTS

Effects of electrochemotherapy on progression
of AIA. No significant difference in body weight was
noted between the 4 groups during the course of this
experiment (Figure 1A), indicating that low-dose MTX,
with or without electroporation, had little effect on the
systemic physical condition of the rats with AIA.

The thickness of the hind paws in all rats was

Table 1. Radiologic and histologic scores and osteoclast numbers in
rat AIA, 21 days after injection of adjuvant®

Radiologic Histologic ~ Osteoclast

score score number
Group (n=28) (n = 8) (n = 5)

Right hind paw, EP-negative ~ 3.8 = 4.5 2512 776+102
Left hind paw, EP-positive 1.8£22 13+05 220x24

* Values are the mean = SD. AIA = adjuvant-induced arthritis; EP =
electroporation.
t For all comparisons, P < 0.05 versus EP-negative.



