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ABSTRACT

Efficacy of order entry system on outpatient’s clinic
—Evaluation of the waiting time—
Takehiro Matsumoto, Hironori Kimura, Kumiko Yamada, Michiaki Koga, Sigeakt Mukoubara
Department of Medical Informatics, National Nagasaki Medical Center

We investigated the waiting time at the outpatient’s clinic for evaluation of order entry system which developed
in March, 2002.

Before the system introduction, an operation flow was reconstructed drastically and the business share was
systematized among doctor, nurse, and the clerical worker originally based on the true work.

15,185 patients who consulted to the outpatient’s clinic of the National Nagasaki Medical Center every third
week from October, 2002 to April, 2003 were investigated the waiting time (registration time to check out
time). The waiting time was decreased gradually every month, the average time was 1:45 and in only the first
visit was 2:21.

It was most important to re-engineer the working process before information system was developed in the
field of medicine.

Keywords : medical information system, order entry system, waiting time
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Abstract

A method for silica-coating of Agl nanoparticles is proposed, which applies Stisber method in the presence of a silane coupling agent,
3-mercaptopropyltrimethoxysilane (MPS), with the use of dimethylamine (DMA) catalyst for alkoxide hydrolysis. The Agl nanoparticies
were prepared from AgClOy and KI. The silica-coating was performed with 0-2.3 x 107> M MPS, 11-20M water, 0-0.1 M DMA and
0.0004-0.15 M tetracthyl orthosilicate (TEOS). The addition of MPS suppressed generation of free silica particles and improved uniformity
of shell thickness. Silica shells were formed at water concentrations of 11-15 M, but excess water (20 M) caused aggregation of free silica
particles, and resulted in formation of gel network. The silica shell thickness could be varied from 3 to 33.0 nm as the TEOS concentration
wag inereased from 0.0004 to 0.04 M at 4.5 x 10~% M MPS under the condition of 11 M water and 0.01M DMA.

© 2004 Elsevier B.V. All ights reserved.

Kevwords: Agl; Nanoparticle; Core-shell; Silica coating; Sol-gel; Stéber method

1. Introduction

Nano-sized semiconductor particles such as CdS, CdSe
and Agl attract special interest because they are in an inter-
mediate state between atoms or molecules and bulk material,
and can be expected to exhibit excellent properties different
from bulk material [1-3].

A comumon technique for stabilizing nanoparticles is the
use of surface active agents or macromolecular substances
that are adsorbed to particle surface to form a physical bar-
rier against other approaching particles. The coating of the
particles with inert silica shells can also be used as a stabiliz-
ing technique [4-9]. Role of the silica shell is two-fold, since
it not only provides a greatly enhanced colloidal stability in

* Corresponding author. Tel.: +81 22 217 7239; fax: +81 22 217 7241,
E-mail address: konno@mickey.che.tohoku.ac jp (M. Konno).

0927-7757/% - see front matter © 2004 Elsevier B.V. All rights reserved,
doi:10.1016/f.colsur{a.2004.10.007

water, but also can be used to control distance between core
particles within assemblies through shell thickness.

From this view point, extensive studies on silica-
coated nanoparticles have been made [5,7]. The method
of the silica-coating was composed of three steps: (1)
modification of the nanoparticle surface to make it vit-
reophilic by using silane coupling agents with an amino or
thiol group such as 3-aminopropyltrimethoxysilnae and 3-
mercaptopropyltrimethoxysilane (MPS), (2} slow silica de-
position in water from a sodium silicate solution, and (3) ex-
tensive growth of the silica shells through sol—gel reaction of
stlicon alkoxide in ethanol/ammonia mixtures [5). The silica
deposition in the sodium silicate solution requires long-time
if silica shells are to be grown to certain thickness. In ad-
dition, the sodium silicate possibly introduces impurities to
the particles. Therefore, a simplified and more rapid method
with no sodium silicate is desirable.
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A study on preparing silica-coated Agl nanoparticles was
performed by Giersig et al. {10]. They showed that silica-
coated Ag nanoparticles that were prepared according to the
ref. [7] were mixed with Iy solution, in which 1; molecules
diffused in silica shell layer, and eventually transforming the
Agnanoparticles inside to Agl nanoparticles. However, long-
time processes with sodium silicate were required, and gen-
eration of Agl nanoparticles also took place on external silica
surface. We have recently developed [11.12] a technique for
direct silica-coating of metal nanoparticles in one single step
without need of sodium silicate, which is based on Stdber
method. In the present work, the direct silica-coating method
was extended to silica-coating of Agl nanoparticles in the
presence of MPS.

2. Experimental
2.1, Chemicals

Silver perchlorate {AgClO4) (Kanto Chemical Co. Inc.,
99%) and potassium lodide (K1) (Wako Pure Chemicals
1td., 99.5%) were used as silver precursors. Tetraethyl or-
thosilicate (TEOS) (Wako Pure Chemicals Ltd., 95%), MPS
(Alrich, 97%) and ethanol (Wako Pure Chemicals Ltd.,
99.5%) were used for silica-coating, and DMA (Wako Pure
Chemicals Ltd., 50%) was used as catalysts for a sol-gel reac-
tion of TEOS and MPS. All chemicals were used as received.
Ultrapure deionized water (resistivity higher than 18 M2 cm)
was used in all the preparations.

2.2. Preparation of materials

2.2.1. Agl nanoparticles

Colloids of Agl nanoparticles were prepared by mixing of
AgClO; and KI. Freshly prepared 0.015 ml of 0.2 M AgClOy
in H70 was added to 6 ml 0f 0.001 M KI under vigorous stir-
ring at room temperature. Color of the mixture tumed yel-
low immediately. Fig. 1 gives absorption spectrum of Agl
nanoparticle colloid. A sharp peak around 421nm and a
shoulder peak around 330 nm were attributed to exciton peaks
of Agl [13-16], which provided an evidence for generation
of Agl particles. Typically, spherical Agl nanoparticles with
an average size of 23.8 nm were observed in TEM (see inset
of Fig. 1).

2.2.2. Silica-coating

Stober method with TEOS was applied to silica-coating
of the Agl nanoparticles. Six millilitres of the Agl col-
loid was added to 0.1 ml of 0.00135M MPS in H;0. After
15 min, 24 ml of ethanol and successively 0.0266 ml of TEOS
were added to the colloid. Then, the silica-coating was initi-
ated by rapidly injecting an aqueous DMA solution into the
Agl'TEOS colloid. The concentrations of TEOS and water
were ranged from 0.0004 to 0.15M and from 11 to 20M,
respectively.
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Fig. 1. TEM image and UV-vis absorption spectrum of Agl colloid in
ethanol/water.

2.3, Characterization

The silicacoated Agl (Agl-SiO;) nanoparticles were
characterized by transmission electron microscopy (TEM)
and ultraviolet (UV)~visible (vis) spectroscopy. TEM was
performed with a Zeiss LEO 912 OMEGA microscope oper-
ating at 100kV. Samples for TEM were prepared by dropping
and evaporating the nanoparticle suspensions on a collodion-
coated copper grid. Silica shell thickness was estimated as
the difference between silver particle and composite parti-
cle sizes. UV—vis extinction spectra were measured with a
Hitachi UV-3010 spectrophotometer.

3. Results and discussion
3.1. Effect of MPS concentration

Fig. 2 shows TEM micrographs of Agl-S8i0; nanoparti-
cles prepared at various MPS concentrations. In Fig. 2a and
b, many core-free silica particles and shell-free Agl nanopar-
ticles were observed, though a few core-shell particles were
present. Probably, silica did not have a strong affinity for the
Agl nanoparticle surfaces during growth from silica nuclei
to silica nanoparticle, Particles in Fig. 2¢ and d had core-
shell structures composed of the Agl core with a size of
13.5 nm and the silica shell with a thickness of 15.1 nm. MPS
molecules possibly had strong affinity for Agl surface so that
condensation reaction between MPS and TEOS was initiated
on the swface.

3.2, Effect of water concentration

Fig. 3 shows TEM micrographs of Agl-5i0; nanopar-
ticles prepared at water concentrations from 11 to 20M.
All the DMA concentrations were 0.01M in a series of
the experiments. The water concentration of 11 M was the
lower limit in the present experimental, because the water
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Fig. 2. TEM images of Agl-Si0O; prepared at MPS concentrations of 0 (a),
4.5% 1077 {b), 4.5 x 107 () and 2.3 x 105 M (d). Initial concentrations
of water, DMA and TEOS were 11, (.01 and 0.004 M, respectively.

concentration in the commercial DMA solution is 50% and
adjusting the DMA concentration to 0.01 M provided the
water concentration of 1} M at lowest. Agl-3i0; core-shell
particles were observed in Fig. 3a and b. The Agl cores that
were observed in Fig. 3b were large, compared to Fig. 3a.
As the water concentration rises, DMA is dissociated and
consequently ionic strength increases in turn [17]). Since
the increase in onic strength reduces electrostatic repulsion
between the Agl nanoparticles, the reduction of electrostatic
repulsion probably promoted the aggregation and growth
of Agl nancparticles. It was also observed in Fig. Jb that
many core-free silica particles with a size of 22.1 nm were

Fig. 3. TEM images of Agl-SiO; prepared at water concentrations of 11
(a), 12 (b), 15 (c) and 20 M {d). Initial concentrations of MPS, DMA and
TEOS were 4.5 » 107%, 0.01 and 0.004 M, respectively.
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Fig. 4. TEM images of Apl-SiO; prepared at DMA concentrations of 0 {a),
0.005 (b, 0.01(c) and 0.1 M (d). Initial concentrations of MPS, water and
TEOS were 4.5 > 1075, 11 and 0.004 M, respectively.

generated. The increase in ionic strength due to the dis--
sociation of DMA reduces electrostatic repulsion not only
between Agl nanoparticles but also between silica nuclei
generated with hydrolysis of TEOS. Consequently, the silica
nuclei aggregated and grew as the silica nanoparticles with
the increase in water concentration. In Fig. 3¢, network
structures were formed, though some Agl-SiO; core-shell
particles were still observed. In Fig. 3d, no core-shell
particles were formed. Further increase in ionic strength at
high water concentration probably promoted aggregation of
silica nanoparticles and succeeding formation of gel network
structures.

3.3. Effect of DMA concentration

Fig. 4 shows TEM micrographs of Agl-SiOz nanoparti-
cles prepared at different DMA concentrations. At a DMA
concentration of 0M (Fig. 4a), no silica shell and no silica
particle was observed because of a shortage of the catalyst. At
0.005 M (Fig. 4b), particles that contained multiple cores and
core-free silica particles were obtained. At0.01 M, core-free
silica particles were obtained a little and the Agl nanopar-
ticles were coated with silica with a thickness of 15.1nm
(Fig. 4¢). An increase in the concentration to 0.1 M increased
silica shell thickness to 16.6 nm (Fig. 4d). Addition of DMA
is considered to increase the ionic strength of the solution
due to the dissociation and catalyzes the hydrolysis and con-
densation of the alkoxysilanes [18]. Thus, the high DMA
concentration should reduce the double layer repulsion be-
tween the Agl nanoparticles and the silica nuclei. As a result,
the silica nuclei were deposited on the Agl particle surfaces
and then the silica shells grew.
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Fig. 5. TEM images of Agl-SiO; prepared at TEOS concentrations of 0.0004 (a), 0.002 (b}, 0.004 (c), 0.04 (d) and 0.15 M (e). Initial concentrations of MPS,

DMA and water were 4.5 x 1075, 0.01 and 11 M, respectively.

3.4. Effect of TEOQS concentration

For the control of shell thickness, TEOS concentra-
tion was varied in the experiments of Fig. 5 a-e. At
[TEOS] =0.0004-0.04 M (Fig. 5a—d), most of the particles
were quasi-perfect core-shells with just one Agl core and
the shell thickness increased from 3.0 to 33.0 nm. Thus, the
TEOS concentration was found to control the silica shell
thickness within a certain threshold. However, further ad-
dition of TEOS ([TEOS]=0.15 M) did not increase the shell
thickness, and generated a large amount of core free silica
particles, as shown in Fig. Se,

3.5. UV-vis spectroscopy

Fig. 6 gives absorption spectra of Agl-SiO; colloid. In
the spectra in Fig. 6a through c, a sharp peak around 421 nm
and a shoulder peak around 330 nm were observed, which
were the typical absorption spectra of the Agl nanoparticles.
As the shell thickness increased, these peaks seemed to
be screened by the strong scattering from the silica shell.

2

Absorbance (-}

0
300 400 500
Wavelength {(nm)

Fig. 6. UV-vis absoiption spectra of Apl-8i0;. Referto Fig, 5 for symbols,

Although the shoulder peak was not clearly seen in Fig. 6d
and e, the absorption peak of the Agl nanoparticles appeared
around 421 mm in these figures. Thus, the existence of Agl
nanoparticles was confirmed from the UV—vis spectroscopy.

4, Conclusion

A synthetic method for Agl-8i0; core-shell particles was
developed. The method was based on the deposition of a sil-
ica shell on the Agl cores. The silica-coating was performed
with a sol-gel reaction of TEOS in the presence of the Agl
nanoparticles. At high water concentrations, no formation of
homogeneous silica shells could be performed. With increas-
ing TEQOS concentration, the silica sheli thickness increased.
Concentration effects can probably be explained by the dif-
ference in ionic strength of the solution.
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Breast conserving surgery (BCS) is now a standard surgical treatment for early breast cancer. The
number of patients with tumors under 3 cm who underwent breast conserving surgery overtook the num-
ber of patients who underwent total mastectomy for the first time in Japan in 2003. We have been employ-
ing breast conserving surgery with primary reconstruction using a lateral tissue flap (LTF), and have per-
formed breast conserving surgery for 266 patients from 1990 to 2002, The incidence of local relapse was
5.6%. Although we did not irradiate a low risk group of 101 patients, our method is not inferior to other
reports in which all cases underwent irradiation. Primary reconstruction with LTF has three advantages.
The first is that we can avoid poly-surgery for breast reconstruction. The second is that the volume of the
graft is maintained longer than reconstruction with a musculocutaneous flap. The third is that patients
can avoid allergic reactions or granulomas as seen with artificial prosthesies. In conclusion, breast con-
serving surgery with immediate volume replacement with a LTTF is a reasonable surgical procedure and
has the advantage of avoiding unnecessary surgical procedures for reconstruction and surgical invasion
without delaying the diagnosis of local relapse. Moreover, an adequate assessment of risk can spare low

risk groups irradiation.
Breast Cancer 12:16-20, 2004.

Key words: Breast conserving surgery, Lateral tissue flap

The incidence of breast cancer is the greatest
of all female malignancies since 1991 and is still
increasing in Japan. The mortality rate reached
the third highest after lung cancer and gastric
cancer in 1998. Patient demand helped develop
breast conserving surgery (BCS) as a local treat-
ment to maximize prognosis and cosmesis.

Breast conserving surgery was established as
a standard surgical procedure in United States
and Europe in the late 1980s”. The number of
patients with breast cancer under 3 cm in size who
underwent breast conserving surgery overtook
the number of patients who was underwent total
mastectomy in 2003 for the first time in Japan. The
coexistence of good prognosis and cosmesis is the
most important advantage of BCS. To achieve
these two aims, we have started quadrantectomy
(Bq) based on the anatomical structure of the

Reprint requests to Motohiro Takeda, Division of Surgical Oncology
Graduate School of Medicine Tahoku University 1-1, Seiryo-Machi,
Acbaku Sendai, 980-8574 Japan.

mammary gland since 1990?. Compensating for
the large volume defect generated by quadrantec-
tomy was a problem. Quadrantectomy generally
requires more breast volume be excised than par-
tial mastectomy. We employed lateral tissue flap
(LTF) reconstruction to compensate for the defect
resulting from quadrantectomy. LTF is composed
of adipose tissue placed caudal to the axillary
arch.

Primary volume replacement for BCS has the
risk of delaying the diagnosis of local recurrence.
Since most of local recurrences occur within 5
years, intensive local examination and periodic
observation is required. In this article, we describe
the method for breast conserving surgery with
immediate reconstruction with a LTF, and the clin-
ical outcomes concerning local recurrence after
breast conserving surgery with primary volume
replacement using LTFE.
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Skin Incision

Fig 1. Lateral incision of breast conserving surgery.
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Fig 2. Ductlobular system of the mammary gland.

Surgical Procedures

Skin Incision and Abrasion

In our surgical treatment of BCS, a sigmoid
skin incision is made on the middle axillary line
(lateral incision) to avoid an operative scar which
can be seen from an anterior view (Fig 1). A later-
al incision is made to excise tumors under 3 ¢cm in
diameter at any location to perform the quadran-
tectomy, volume replacement with LTF and axil-

lary lymph node dissection.

The skin is widely peeled at the subcutaneous
layer with a radio knife to allow quadrantectomy,
axillary dissection and volume replacement with a
single incision. Skin over the caudal area of the
axillary region is also peeled back to make the
LTF to correct the volume defect.

Quadrantectomy
We excise tumors using quadrantectomy for
BCS. Quadrantectomy is performed based on the
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Fig 4. Rotation of the lateral tissue flap.

anatomical extension and structure of the duct-
lobule system of the mammary gland to achieve
complete resection of the tumor and its extension
to the ductal structure (Fig 2)?. We perform par-
tial mastectomy if there is no finding of tumor
extension in the mammary duct. Tumor extension
is evaluated by X-CT, MRI and ultrasonography.

Volume Replacement with LTF

LTF is made with adipose tissue located caudal
to the axillary arch. The axillary arch is the caudal
border of the axillary region, and is composed of
connective tissue related to axillary fascia (Fig 3).

_ Breast Conserviné Surgery with a Lateral Tissue Flap

The blood supply and drainage of the LTF is main-
tained by lateral thoracic vessels and communicat-
ing vessels from the latissimus dorsi. When we
prepare the LTF, we preserve the communicating
vessels from the latissimus dorsi and/or lateral
thoracic vessels (Fig 3). To preserve these vessels
is the key point to prevent necrosis of the LTF.
Volume replacement is performed by rotation of
the LTF. Indirect volume replacement is per-
formed for medial volume defect in areas of A and
B (Fig 4). Direct volume replacement is perfor-
med for lateral volume defect in areas of C and D

(Fig 4).
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