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Report

I graduated from Sun Yat-sen University of Medical Science at Guangzhou
in 1988 and started my physician’s career in Guangdzhou Children’s
hospital. During the past seven years, I have done clinical and research
works in Pediatric Care medicine. In was promoted as an assistant in
Pediatrics. Since the October of 1995, I have begun my study and research
work in National Children’s Medical Research Center, Tokyo. My research
work is to develop the technology of artificial ventilation and artificial
circulation. The purpose is to improve the survival rate and quality of life of
critically ill children.

Here I should say thanks to the Japan-China Medical Association for their
economic support for me. With these help, I have done my research work
smoothly in the Department of Pathophysiology, National Children’s
Medical Research Center. Here I would like to introduce my research work
which I have mainly done during the past one year.

1. High Frequency Oscillation Ventilation (HFO)

High frequency oscillation ventilation (HFO) now has become popular in the
critical care medicine area. HFO is mainly used in the management of acute
respiratory failure with air leak, hypoplastic lung, and persistent pulmonary
hypertension. In Japan, for the newborn patients with ARDS (acute
respiratory distress syndrome), HFO were used surround 20-30%. HFO is

considered a less invasive way of ventilation fragile lungs since it dose not
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involve intermittent stretching of alveolar walls. Contrarily, in the low
compliant, atelectatic lung, the conventional ventilation not only has to
produces a pressure within the lung in excess of alveolar “opening pressure”
in order to achieve oxygen exchange , but also has to use high level of positive
end expiratory pressure (PEEP) to prevent the lung collapse during the
expiratory phase of the respiratory cycle. It is this constant opening and
closing of terminal airway units under high pressure that results in further
injury to the already damaged lung. HFO offers an entirely different
ventilation strategy for dealing with this form of lung disease. Increasing
airway pressure by adjusting fresh gas flow can raise mean airway pressure
(MAP) above alveolar opening pressure and maintain lung volume at this
level, where the small airway pressure swing around the mean will be less
injurious to the lung by avoiding the continual cycle of inflation and collapse
terminal lung units. In 1993, Ogawa and Miyasaka et al conducted a
multicenter randomized trial in nine neonatal centers in Japan. The result
demongtrated HFO was effective and safe in the treatment of respiratory
failure for preterm infants. There are now several publications
demonstrating that HFO decreased barotrauma in very low weight infants,
decreased incidence of BPD in infant respiratory distress syndrome and a
reduction in the requirement for ECMO therapy in term infants with ARF
(acute respiratory failure) and an OI>40. In addition, the ease of control of

CO2 make HFO an attractive option in PPHN where the induction of a
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respiratory alkalosis can reverse right to left ductal shunting without the
necessity to hyperventilation with high peak inspiratory pressures which
lead to pulmonary barotrauma. Following the recognition for its benefits.
HFO has been extended to be used in infants, children and adults.

Last year, a new ventilator of HFO has been developed for using to the
children and adults in Japan. I have been evaluated this ventilator in the
animal experiments and confirm that this new ventilator can be used not
only for children but also for adults. But there are some problems remained ,
for example, the protection from infection, deducing the noise, et al.

Many studies have been done about lung injury and lung protection
strategy concerning HFO. But there is less studies about tracheobroncheal
injury of HFO. Last year the experiment about airway injury has been done
by us. In this experiment, we compared the airway histopathologic findings
in kitten given Conventional Mechanical Ventilation (CMV) with those seen
after HFOV. Seventeen normal kittens were paralyzed and mechanically
ventilajced for 24 hours. Seven were treated with CMV, and eleven with
HFOV. A semiquantitative histopathologic scoring system was used to
grade tissue changes in the cartilage cricoidea, mid trachea, trachea at the
tip of endotracheal tube, carina, and right mainstem bronchi. The degree of
damage was mild in both of groups, even the part at tip part of endotracheal
tube and carina which were thought the main influenced part by fresh gas
flow and vibration. There was no significant difference in the extent of injury
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between the two groups. High-frequency oscillatory ventilation appears to
result in no greater degree of airway damage than conventional positive

pressure ventilation.

2. Disposable infusion pumps for home care and pain
management.

The disposable infusion devices have the advantages of lightweight,
great mobility, noneed of electricity, easy concealment and easy to be use by
the patients. Now they have been widely used for infusion therapies and
patient transportation. The potential problems now is that the flow rate
may not consistent through the whole infusion, and the infusion accuracy
may vary from device to device. The infusion speed may also be influenced by
fluid viscosity, temperature, type of venous access, catheter patency, and
patient body position.

Last year, we introduced a new disposable infusion device,
Coopdecch Syrinjector (Daiken Medical, Japan), which is called a syringe
type and using negative pressure for infusion. The infusion accuracy and
consistency have been investigated by us. At the same time the influence of
the room temperature, device’s position also have been studied. The result
suggested that the new disposable infusion device can provide more accurate
and consistent infusion flow than other type disposable infusion devices,

such as the balloon type. We also suggested this device can be used for intra-
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arterial monitoring system.

3. Evaluation of an Extracorporeal Membrane Oxygenation System
(ECMO) Using a Nonporous Membrane Oxygenator and a New
Method for Heparin Coating.

Extracorporeal membrane oxygenation (ECMO) has been successfuly used
to treat refractory neonatal respiratory failure. Its application in clinical
uses tends to be wide, for example in premature newborn, in pediatric
patients and adults who have the refractory heart and respiratory failure. At
present bleeding complication is the principal cause of morbidity and
mortality in infants treated with ECMO. This problem limits its usefulness
in clinical application. To resolve the anticoagulation problem in ECMO
system, heparin-coating or immobilization is the most explored and
promising approach.

V arious types of heparin-coated surfaces have been developed to overcome
the risk of major bleeding resulting from systemic heparinization during
extraco{rporeal circulation. Two products with heparin-coated surfaces are
now commercially available for cardiopulmonary bypass. Heparin is
immobilized covalently in one (Carmeda Bioactive Surfaces; Medtronic,
Anaheim, CA) and ionical in another (Duraflo II; Baxter, Irvine, CA).
Covalent binding should be suited for those sircuit used for long periods
because the covalently bound heparin is known to be more stable compared

with ionically bound heparin. Heparin molecules, to allow their free
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molecules. In Carmeda Bioactive Surfaces (CBAS), the bonds between
heparin molecules and spacer molecules (polyethyleneimine; PEID) are
covalent, but those between spacer molecules, and base material are ionic.
We have recently developed a new method in which all the bonds involved
are covalent with an aim of augmenting the stability of the immobilized
heparin for long-term extracorporeal membrane oxygenation.

The major drawback of the current heparin-coated systems is
inevitable plasma leakage caused by the use semipermeable membrane
oxygenator. ECMO, in contrast to cardiopulmary bypass of relatively short
duration, provides cardiopulmonary support over a long period. Freauent
exchange of oxygenators caused by plasma leakage is a serious problem
because it is accompanied by rapid hemodynamic changes, loss of circulating
platelets, and greater reqirements for blood transfusion. Silicone-based
membrane oxygenators are routinely used for long-term pulmonary support,
but heparin coating these oxygenators has not yet been reported because of
techical difficulties.

This study was performed to evaluate a new heparin-coated ECMO
system that should reduce the amount of systemic jeparinization while
preventing plasma leakage. A miniature ECMO system including a
membrane oxygenator made of a double-layer poluolefin hollow fiber, which
is know to be resistant to plasma leakage, was coated by heparin with a new

covalent binding method. We evaluated the stability of the immobilized
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heparin in vitro and the feasibility of this system in animals. Samples of
hollow fibers and tubing were rinsed at 40 C for four days in normal saline,
Ringer’s lactate, and 1mol/L. NaCl solution. Heparin activities on hollow
fibers after rinsing were 99+2.3% (mean=*SD), 96 +3.9%, and 93+2.0% of
the control in each solution, while those of the tubing were 87+4.1%, 86t
3.1%, and 76 £8.6%, respectively. Veno-arterial ECMO using this heparin-
coated system were performed no five beagles (8 to 12 Kg) for 10 hours.
Neither major thrombus formation nor plasma leakage was detected during
the procedure in spite of a low flow rate (300 ml/min) and reduced activated
clotting time(mean. 128 seconds). Platelets decreased to 52% of the control
(p<.01) at 1 hour, but no progressive decrease was seen thereafter.
Antithrombin-IIT decreased (p<.01) and thrombin/antithrombin III complex
increased (p<.05 at 4 hours and p<.01 at 6, 8, and 10 hours) during bypass,
but the changes of fibrinogen and fibrinopeptide A were not significant.
Fibrinogen/fibrin degeneration products, fibrinopeptide B 8 15-42, and
plasma-free hemoglobin levels did not rise significant. O2 transfer of the
oxygenators at a flow fate of 300 ml/min were 12.3+0.4mL/min at 30

minutes, 14.3+1.2mL/min at 5 hours, and 14.74+4.7mL/min at 10 hours ( no

statistical difference). Histological examination of the brains and the
kidneys showed no evidence of thrombolic sequela in any of the animals.
These results suggest that this new system is a promising device for long-

term ECMO in which the amount of systemic heparinization can be reduced
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with the minimal possibility of plasma leakage.

Finally thanks the Japan-China Medical Association again. Also thanks

my instructors, K Miyasaka, S Nakagawa, and all the staff of the Dep. of

pathophysiology, National Children’s Medical Research Center.
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c—-21 BHB7I/ 71U AR5 32 HREEOEMELEICESD

T RPELRMHRBFEHE
OHMBE BWMELR HXER HAHER REX HRBAREZ HEBEA

LEMBEOEMELEORREICE, AEE  REE . HEAEE IR EEL S 2 CORFIEIFS
3. 50, HiECOERICSVTEMENEPaO2<80mmHg, Fi02:04) M L TEBE73I/ 71>
(2ma/kQ)EIRE LT, ZOFBIIOVWTRN LD THET 3.

(MR & FE] EHMBEEORBETCTI 1 AR A 7ILE2MEHRESFIO2 04brhrbsd, BRMA
25 TIEBMFEMNE(PaO2<80mmHg) k2 L /-58fEM £ 3R & L 7. WREECIdFio2%&05L EICER & ¢
T, 159 H%OBIRN A I HE « IF « FRIBBIC OV THERSATEEERS LA, — A, 73/ 711 L Ef
TUFIO2%04DEEMIFL T, 73/ 711 2ma/Kqa 55 CHIRAIEES L, B5RT100%ICEED
IREICDVWTHIE L TIRSREC LR L /.. HETFR0RET & L Tpaired  ttest # UV Tp<0.054 B EEH
ek,

(BR] WRBEOENER, R, FESIUCORZAREOBROSZDETE, AEBICEEZ LR
HLE M7z, PaO2lIWREFT EFII67E6mmHg(mean:SD)H 595+ 7mmHgls, 73/ 714U LETIR
70E4mmHan 5128 E13mmHaE TN EFNFRE L LR HABO SN/, FiOsERL &%, PaO2id7 3
T4 ) CEOANNRBEICLE L TERBICERL £ PaCcO2 - EHBIRE - RIGKMIFHRICEEZ4
Wahol £l HREBEED D BWHINEDORIEL > b4 BRI O AL BREFMA SR EGIIL L »
o 7=,

[#538) MEOEBEMNEICHL C2ma/kgD 7 I/ 74 ) RS EBEHECEE45 2 H o TEBER
BEERETDI-DICERTH 3.

c—22 T4 AR =Y 7 VR A R T O
AR E IS OB H—

ENNBER S V5~ REEAEBZEE, ES/NEREE BRI AR *
OB - &4 SSARZ* BEBZ, & &KU, BLEE, Il B

T4 AR =TV IR E R 7 (DP) 13, BREALEL VT, /o, BETHLLWIFNS,
AR DR O THEETOEBRER~NOILHPRF S NG, 4l BAMIATE, 4 FEEHD DP Do/
DO¥EE L —FEHICINA . BUEEC DP DAL B AR I KT T RE T RE L7, [h#:] %5%o DP i,
W= RITCHENIAFT—A T a—HF— NgZAF—_ B) . DIBh5T—FI (Z4XF1H0, D) .
Va7 va—W—A (=70, S) &, VI UY—-HNOBRIELEEREE L) Y ORMTEL Ty s ) v
Vryy— (KWES. C) OFIM4HBTH 5, DP OMBHEE Y. D Tid 1.7 ml/hry S Cid 2.1 ml/hry, B &
C Tid 2.0 ml/hr IZEXE L, £ OEBOEBEE % /NEHAEIGR 2y b EBE L Y — 2 Wil L. U2
WL HR O & OBy ATl L 72, & 642, 3TEROBREIRNE (4, 26, 37TC) IZBWT, F/-
DP OfiE% 3B bsd (RBLAGRERLESE, 21 LD D 50 cm FOBWEE L VWEE) |
AR DMES 24T - 72 [HR] B|IERIT25 CTT, LBERUBESIZDP 2l W& & OWEERE (S6HHEH
G2 WG 22 BRI T) 2 FRIRT . F4, ERAEIZ, BEEE LU DP O EIC L D BRI,

[#5%)] DP OO & —FEMIERY THTRRZD, 22T Y IR (C) PRILEL T
oo F/o, BHURBIIBHEE S DP ONBIZ L W ER 2RI LD, AL ETHREMHICBV TR, #15
R EEBTHVEND L,

Ry 7 (RREMHBERE ; ml/hr) | B (2.0) D (1.7) S (2.1) C (2.0)

EX RS (ml/hr) 2.10 1.69 2.06 211
G D AR (%) 5.0 15.5 6.7 2.9




