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FEHT TR (LAD) 1 BN A 2324
MIDCAB & OPCAB o ity

ERm ®x g BH A BOH E B OM B FE
FEEX TR -8B FBxxHE £ K ES

EZHFTR (LAD) 1831 XAFIZXET % off-pump CABG (OPCAB) IZDWTHEI L7z, 1997E 3 B
A5 2000FE28ETHI0FAENRE L, MIDCABEE 220 (ERiES)WIEE%E), OPCABESH (s
ER{IBEER D2B8ICHIT, BRFMEMNSOPCABE TS ( (OPCABE 5% : MIDCAB B
27.3%), FHiEREIE MIDCABE TERL TUW1z (OPCAB# 2,165/ : MIDCABEE 3.9, <%
T, OBIEREE (54) (2 OPCAB R T 100%, MIDCAB BT 86.4% & %% OPCABE NI I AR
72-o7-. OPCAB I3, FHilsMb@E <, ERRELRIF L, 1B CABGOFRE L TEREEA N, B
DHEE36 % 55 1 245-247 (2007)
Keywords : OPCAB, MIDCAB, 1VD, LAD

The Long-Term Results of Left Internal Thoracic Artery Grafting in the Left Anterior
Descending Artery with Either a Sternotomy or an Anterior Minithoracotomy

Hidehiko Iwahashi, Tadashi Tashiro, Noritugu Morishige, Yoshio Hayashida, Nobuhisa Ito,
Kazuma Takeuchi, Hideki Teshima and Go Kuwahara (Department of Cardiovascular Surgery,
Fukuoka University, School of Medicine, Fukuoka, Japan)

The main objective of this study was to describe the long-term results of left internal thoracic
artery grafting of the left anterior descending artery with a sternotomy or anterior minitho-
racotomy without using extracorporeal circulation. From March 1997 to February 2000, a
median sternotomy was performed in 8 patients and a minithoracotomy in 22 patients. We
compared and analyzed the findings of these groups. An emergency operation was performed in
75% of the patients in the median sternotomy group and in 27.39% of those in the minitho-
racotomy group ($==0.03). The operation time was 2.1 h in the median sternotomy group and
3.9h in the minithoracotomy group ($<0.01). The early graft patency rate was 1009 in the
median sternotomy group and 90.49 in the minithoracotomy group (NS). The five-year
actuarial survival rate was 1009% in the median sternotomy group and 86.49 in the minitho-
racotomy group. The five-year cardiac event free rate was 1009 in the median sternotomy group
and 86.49 in the minithoracotomy group. In conclusion, the results for the median sternotomy
group were comparatively better than for minithoracotomy group. Minithoracotomy and
median sternotomy have differences in operation time, early graft patency and eérly outcome,
The median sternotomy technique therefore remains an invaluable operative modality for the

245

treatment of one-vessel disease. Jpn. J. Cardiovasc. Surg. 36: 245-247 (2007)
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Brief Communications

Living-donor single-lobe lung transplantation for

bronchiolitis obliterans in a 4-year-old boy

Takeshi Shiraishi, MD,? Masafumi Hiratsuka, MD,? Mitsuteru Munakata, MD,®
Takao Higuchi, MD,? Satoshi Makihata, MD,? Yasuteru Yoshinaga, MD,?

Satoshi Yamamoto, MD,? Akinori lwasaki, MD,> Masanobu Yasumoto, MD,? ~
Takamitsu Hamada, MD,” Kazuo Higa, MD,” Takashige Kuraki, MD,° = % :
Kentaro Watanabe, MD,® Noritsugu Morishige, MD, Tadashi Tashiro, MD,¢

Drs Shiraishi and Shirakusa (lef? to right)

Kazuki Nabeshima, MD,® Katsunobu Kawahara, MD, Kan Okabayashi, MD,?
Hiroshi Yasunaga, MD," and Takayuki Shirakusa, MD,? Fukuoka City, Oita,

Koga City, and Kurume City, Japan :

single-lobe lung transplantation from a living donor

was performed in a 4-year-old boy. The transplantation

was successful, and the patient recovered smoothly de-

spite severe volume mismatch between the lung allograft

and the recipient chest cavity. To our knowledge, this case represents
the youngest recipient of a living-related single-lobe transplantation

ever reported.

Clinical Summary
This male patient’s history included diagnosis of juvenile my-
elomonocytic leukemia at 1 year 3 months, with subsequent pe-
ripheral blood stem cell transplantation from his mother. He later
had bronchiolitis obliterans develop, and his respiratory condition
progressively deteriorated thereafter, Mechanical ventilation was
instituted at 4 years 10 months because of the onset of carbon
dioxide narcosis. Chest computed tomography (CT) demonstrated
bilateral diffuse emphysema and severe lung overexpansion,
Transplantation from a cadaveric donor is considered impossi-
ble within a limited time frame; therefore, the only realistic trans-
plant option was considered a living-related single-lobe lung trans-
plantation (because of the recipient’s small stature). The potential
donor was his mother. The heights and weights of the recipient and
donor were 98 cm and 13 kg and 159 cm and 58 kg, respectively.

From the Department of Surgery, Division of Thoracic Surgery,® the De-
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Japan®; and the Department of Cardiovascular Surgery, Saint Mary Hospi-
tal, Kurume City, Japan?

Received for publication Feb 18, 2007; accepted for publication March 29,
2007.

Address for reprints: Takeshi Shiraishi, MD, Department of Surgery,
Division of Thoracic Surgery, Fukucka University Hospital, 7-5-41
Nanakuma, Jonan-ku, Fukuoka City, Fukuoka, 814-0180 Japan (E-mail:
tshiraishi-ths @umin.ac.jp).

J Thorac Cardiovasc Surg 2007;134:1092-3

0022-5223/832.00

Copyright © 2007 by The American Association for Thoracic Surgery
doi:10.1016/j.jtcvs.2007.03.063

The left lower lobe was determined to be an acceptable lobe for
transplantation on the basis of 3-dimensional CT volumetric eval-
uation of both recipient and donor, which indicated the recipient’s
left chest cavity to be 768 mL and the donor’s left lower lobe to be
906 mL. The uncertain result of this transplantation was repeatedly
discussed with the recipient’s family, who were willing to proceed
with this plan. The Ethical Committee of Fukuoka University
approved this surgery with an understanding of the experimental

_nature of this transplantation.

Four weeks after mechanical ventilation was started, at the age of
4 years 11 months, the patient underwent left single-lobe transplan-
tation through a bilateral thoracosternotomy. The surgical aspects of
the living-related lobar transplantation procedure have been previ-
ously described.! The implantation was completed uneventfully.

Chest CT on day 1 demonstrated a well-inflated lung allograft
without obvious atelectasis (Figure 1). The patient was weaned from
the ventilator on day 10. A 3-dimensional CT on day 44 demonstrated
the lung allograft volume to be 427 mL, as opposed to its 906 mL
original size before transplantation (Figure 2). This finding suggests
that an oversized lung graft can work adequately, despite severe
compression resulting in a graft 47% of the original size.

Discussion

In the history of living-related lung transplantation, a single donor
was used in the beginning. Starnes and colleagues® demonstrated
the first successful single-lobe lung transplantation for a 12-year-

Figure 1. Chest computed tomographic scan 1 day after trans-
plantation. Lung allograft (arrow/ was well aerated, without any

ahnarmal romnraccinn ar atelantacic
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Before transplant
A 906 ml B

Figure 2. Three-dimensional computed
tomographic scans of fung allograft
before (A) and 44 days after (B) trans-
plantation. Three-dimensional com-
puted tomographic scan in end-in-
spiratory point taken on day 44 after
transplantation (B} showed left lung
graft volume to be 427 mL, as opposed
to its 906 ml original size hefore trans-
plantation (A). This finding suggests
that oversized lung graft can work ad-
equately despite severe compression
resulting in graft only 47% of its origi-
nal size.

After transplant
427 mi

old girl. Similar successes were reported for teenaged recipients.>*
A 4-year-old recipient with Eisenmenger syndrome, however, died
immediately after transplantation of severe pulmonary edema in
the allograft® The standard technique for this surgery is now
double-lobe transplantation with right and Ieft lower lobe grafts
from two donors. Single-lobe transplantation is, however, consid-
ered when the recipient is a small child or only one donor is
available.

The 3-dimensional CT showed the donor’s left lower lobe to be
118% the size of the recipient’s left thoracic cavity. Because the
recipient’s chest cavity was abnormally expanded, it was unclear
whether the allograft could work. We therefore considered the
possibility of a right lung volume reduction after implantation to
extend the “working space” for the lung allograft if it could not
ventilate, This, however, was not necessary.

Interestingly, the allograft volume gradually declined after
weaning from the ventilator with the recovery of the chest wall and
diaphragm toward to their original status, and the graft size finally
decreased to 47% of its original. The patient recovered well,
however, and his physical status continued to improve. This indi-
cated that an overexpanded chest cavity with severe emphysema-
tous lung may be able to accept a fairly oversized tung.

Theoretically, the recipient was “‘chimeric” with the lung donor
because of the previous engraftment with peripheral blood stem
cells. Therefore no immunosuppression might be required to con-
trol rejection, but it turned out that low-dose immunosuppression

(FK506 maintained with a trough level of 5 ng/mL and pred-
nisolone) was necessary to control smoldering grafi-versus-host
disease in the liver induced by peripheral blood stem cell trans-
plantation. No acute rejection on the allograft was found during the
entire observation period. The patient recovered well and was
discharged from the hospital on the 53rd day after transplantation.

We thank Drs Hiromi Wada (Department of Thoracic Surgery,
Kyoto University) and Toru Bando (Department of Organ Preser-
vation Technology, Kyoto University) for their kind donation of
the lung preservation solution ET-Kyoto” used in this case.
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SUMMARY

Aprotinin Reduces Bleeding during Off-pump Coronary Artery Bypass Grafting in A Patient on
Ticlopidine ; Report of a Case

Hidehiko Twahashi et al., Department of Cardiovascular Surgery, School of Medicine, Fukuoka Univer-
sity, Fukuoka, Japan

A 65-year-old man was admitted to a local hospital with symptoms of unstable angina pectoris. He
was administered ticlopidine before drug eluting stent (DES) stenting for 2 weeks. Coronary angiogra-
phy showed 3 vessel diseases. He was then admitted to our hospital due to a sudden onset of unstable
angina following shock during the percutaneous coronary intervention (PCI) procedure, emergency off-
pump coronary artery bypass grafting (OPCAB) was thus performed. He received aprotinin 5 hundred
thousand KIU just at the start of surgery and 5 hundred thousand KIU after undergoing anastomosis of
the coronary artery. Postoperatively, only some minor bleeding was observed. Aprotinin reduces bleed-
ing, the transfusion requirements of packed red blood cells, platelets, and the total blood units in patients
on ticlopidine who undergo emergency OPCAB.
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New Method of Thermal Coronary Angiography for
Intraoperative Patency Control in Off-Pump and
On-Pump Coronary Artery Bypass Grafting

Hidehiko Iwahashi, MD, PhD, Tadashi Tashiro, MD, PhD,
Noritsugu Morishige, MD, PhD, Yoshio Hayashida, MD, Kazuma Takeuchi, MD, PhD,
Nobuhisa Ito, MD, Hideki Teshima, MD, PhD, and Go Kuwahara, MD

Department of Cardiovascular Surgery, Fukuoka University School of Medicine, Fukuoka, Japan

Background. We evaluated the effectiveness of a new
thermal coronary angiogram system using intraoperative
imaging with an infrared camera for coronary artery
bypass grafting.

Methods. The thermal coronary angiograms of 51 pa-
tients who underwent a total of 107 coronary artery
bypass grafts were evaluated. Thermal coronary angio-
grams were obtained after completing distal anastomoses
by the injection of cold saline solution into the vein
grafts or free arterial grafts or by reperfusion with
warmer blood in the internal thoracic artery grafts. Tem-
perature differences of greater than 0.1°C between the
injectant and the epimyocardium resulted in high-con-
trast images.

Results. Thermal coronary angiograms were obtained
from 107 coronary artery bypass grafts; 103 grafts were
patent (96.3%), and 2 internal thoracic artery grafts were

G raft patency control is important in the sequence of

coronary artery bypass grafting (CABG). Early graft
failure is often associated with technical failure, and it
should therefore be avoided as much as possible. We
evaluated the effectiveness of a new thermal coronary
angiogram system named IRIS-III using intraoperative
imaging with an infrared camera for on-pump or off-
pump CABG.

Patients and Methods

Patients

Between September 1999 and July 2000, thermal coronary
angiograms of 51 patients who underwent a total of 107
CABGs were evaluated. Twenty-four patients (mean age,
61.5 years; 19 men and 5 women) who had 46 grafts
underwent on-pump CABG, and 27 patients {mean age,
65.7 years; 19 men and 8 women) who had 61 grafts
underwent off-pump CABG.

Accepted for publication June 1, 2007.
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occluded. After reanastomoses, thermal coronary angio-
grams were again obtained, and all grafts appeared to be
patent. Four grafts did not clearly show hemokinesis
because of an intramyocardial segment or circumferen-
tial fat surrounding the artery.

Conclusions. Thermal coronary angiograms cannot
show hemokinesis clearly in cases with an intramyocar-
dial arterial segment or in patients in whom the grafts are
surrounded by fat. Therefore, thermal coronary angio-
grams are considered to play a valuable role in confirm-
ing the success or failure of myocardium revasculariza-
tion because this diagnostic modality does not interfere
with the surgical procedures, is noninvasive, and can be
both quickly and easily performed.

(Ann Thorac Surg 2007;84:1504-7)
© 2007 by The Society of Thoracic Surgeons

Methods

A new thermal coronary angiogram system using intra-
operative imaging with an infrared camera for CABG
named IRIS-III (Thermatrek, Dusseldorf, Germany) has
been used since September 1999. This system consists of
two mobile parts, a camera and a console. The console
contains a video recorder and control unit. The camera
unit contains an infrared imager, a charge-coupled de-
vice camera, and two monitors (Fig 1). The console can be
placed anywhere. As a result, the camera unit is easily
placed over the heart from the surgeon’s side or the
anesthesiologist’s side. Thermal coronary angiograms
were obtained after completing distal anastomoses by
the injection of cold saline solution (30°C, 3 to 5 mL) into
the vein grafts or free arterial grafts or by reperfusion
with warmer blood (about 5 seconds) in the internal
thoracic artery (ITA) and gastroepiploic artery graft after
epicardial cooling by sprinkling cold saline solution
(30°C, 1 to 2 mL).

The temperature of warmer blood is about 37°C during
on-pump or off-pump CABG. Temperature differences of
greater than 0.1°C between the injectant and the epimyo-
cardium resulted in high-contrast images [1]. Thermal
coronary angiograms were performed immediately after
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CONSOLE

Fig 1. A new thermal coronary angiogram system using intraoperative
imaging with an infrared camera for coronary artery bypass grafting
named IRIS-III (Thermatrek, Dusseldorf, Germany). This system con-
sists of two mobile parts, a camera and a console. The console contains
a video recorder and control unit. The camera unit contains an infrared
imager, a charge-coupled device camera, and two monitors.
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distal graft anastomoses but before protamine was given
in all cases.

Between 7 and 10 days after surgery, postoperative
angiography was performed in all patients. The results of
the thermal coronary angiograms were compared with
postoperative angiography. A statistical analysis was
performed using Fisher’s exact test. Statistically signifi-
cant differences were assumed to exist at a value of p less
than 0.05.

Results

Thermal coronary angiograms were obtained from 107
grafts; 103 grafts were patent (96.3%), whereas 2 ITA
grafts were occluded. We found 2 occluded grafts by the
IRIS-III in the operation. Immediately after reanastomo-
ses were performed, thermal coronary angiograms were
again obtained and all grafts appeared to be patent in the
same operation. Therefore, the postoperative angiogra-
phy was performed in 107 grafts. The results of the
thermal coronary angiograms were compared with post-
operative angiography. Four grafts did not clearly show
hemokinesis because of an intramyocardial segment or
circumferential fat surrounding the artery. In four grafts,
we could see clear images produced by the IRIS-IIL
However, these grafts were subsequently revealed to not
be patent by postoperative angiography, which was per-
formed because of the occurrence of early graft throm-
bosis (Table 1).

The graft patency rate of the IRIS-III was 96.3%. In
contrast, the postoperative patency rate for angiogra-
phy was 95.3%. No significant differences in the total
grafts performed were observed between the two
groups (Table 2). In addition, no significant differences
in the left anterior descending artery area (Table 3), the
circumflex artery area (Table 4), and the right coronary
artery area (Table 5) graft patency variables were ob-
served between the two groups.

We now have two effective cases of intraoperative
thermal coronary angiograms in CABG. In the first case,
Iwahashi and colleagues [1] reported that the left ITA was
grafted to the obtuse marginal artery. Just after complet-

Table 1. Data Mismatch Between Thermal Coronary Angiogram (IRIS-III) and Postoperative Angiography

Anastomotic Site IRIS-TII Postoperative Angiography Reason
SVG-OM not detected patent Surrounded by fat
SVG-LPL-RPD not detected patent Surrounded by fat
LITA-LAD not detected patent Surrounded by fat
LITA-FRITA-OM not detected patent Surrounded by fat
SVG-PL1 detected not patent Graft thrombosis
SVG-RPD detected not patent Graft thrombosis
LITA-LAD detected not patent Graft thrombosis
SVG-RPD detected not patent Graft thrombosis

FRITA = free right internal thoracic artery;
left internal thoracic artery;  LPL = left posterior lateral;
desending; SVG = saphenous vein graft.

IRIS-HII = intraoperative thermal coronary angiography;
OM = obtuse marginal;

LAD = left anterior descending;  LITA =
PL1 = posterior lateral 1,  RPD = right posterior

—167—



1506 IWAHASHI ET AL )
NEW METHOD OF THERMAL CORONARY ANGIOGRAPHY

Table 2. Total Cases

Ann Thorac Surg
2007;84:1504-7

Table 4. Circumflex Artery

IRIS-ITI

Postoperative Angiography ' Detect Not Detect Total

IRIS-III

Postoperative Angiography Detect Not Detect Total

Patent 98 4 102
Not patent 5 0 5
Total 103 4 107

Patent 30 3 33
Not patent 2 0 2
Total 32 3 35

Fisher's exact probability test;  p = 0.82.
IRIS-III = intraoperative thermal coronary angiography.

ing the anastomosis, we performed thermal coronary -

angiography by IRIS-III. The left ITA to obtuse marginal
artery appeared to not be patent on thermal coronary
angiography. After a reanastomosis at the left ITA to
obtuse marginal artery, thermal coronary angiography
was again performed and the left ITA to obtuse marginal
artery anastomosis was thus found to be patent. The
postoperative course was uneventful, and all grafts were
patent on postoperative angiography.

In the second case, the left ITA was grafted to the left
anterior descending coronary artery. The left ITA to left
anterior descending coronary artery was not patent on
thermal coronary angiography by IRIS-III because of
graft occlusion. Therefore, a reanastomosis was done at a
saphenus vein graft to left anterior descending coronary
artery; thermal coronary angiography was then reper-
formed, and the saphenus vein graft to left anterior
descending coronary artery anastomosis was subse-
quently found to be patent (Fig 2).

Comment

We evaluated the effectiveness of a new thermal coronary
angiogram system (IRIS-III) using intraoperative imag-
ing with an infrared camera for CABG. The graft patency
rate of the IRIS-III was 96.3%. In contrast, the postoper-
ative patency rate of angiography was 95.3%. No signif-
icant differences in the total graft variables were ob-
served between the two groups. Therefore, a thermal
coronary angiogram is considered to be better than a
postoperative angiogram. Thermal coronary angiogra-
phy can be performed just after completing distal anas-
tomoses and we can observe it in real time. In addition,
temperature differences of greater than 0.1°C between
the injectant and the epimyocardium resulted in high-
contrast images. A thermal coronary angiogram does not

Table 3. Left Anterior Descending Coronary Artery

Fisher’s exact probability test;  p = 0.83.
IRIS-HI = intraoperative thermal coronary angiography.

use the contrast medium. As a result, if the bypass graft
is not patent, then a reanastomosis can be performed
immediately. Because thermal coronary angiograms do
not show clearly hemokinesis because of either the
presence of intramyocardial arterial segments or cir-
cumferential fat surrounding the artery, another
method (eg, flowmeter) would therefore be helpful in
such conditions.

Up to now, several studies on intraoperative coronary
assessment of anastomotic quality have been reported on
the development of techniques to verify graft patency. In
one method, intraoperative angiography is the gold stan-
dard for assessing anastomotic quality, but this is an
invasive method that is also expensive and time-
consuming [2]. In a second method, angioscopic evalua-
tion is another alternative to assess the quality of anas-
tomosis [3, 4]. However, it has the potential danger of
causing intimal injury, and it is not feasible for in situ
grafts and has never had wide acceptance. In a third
method, Louagie and associates [5] and Merin and co-
workers [6] reported on the use of an electromagnetic
flowmeter. The determined values based on such mea-
surements are not absolute. In a fourth method, Sakak-
ibara and colleagues [7] reported using intraoperative
echocardiography. However, their method was not very
clearly described [8], and this tool is nether cost-effective
nor practical [9].

In a fifth method, high-frequency epicardial echocar-
diography was used to detect anastomotic failures by
some authors [10, 11]. However, segmental calcifications
on the arteries may cause some artifacts that may com-
plicate an accurate assessment and prolong the investi-
gation time.

In a sixth method, the ultrasound-based transit-time
flow has been used as a method to measure graft flow
[12]. Intraoperative measurements have been reported to

Table 5. Right Coronary Artery

IRIS-II

Postoperative Angiography Detect Not Detect Total

IRIS-1II

Postoperative Angiography Detect Not Detect Total

Patent 48 1 49
Not patent 1 0 1
Total 49 1 50

Patent 20 0 20
Not patent 2 0 2
Total 22 0 22

Fisher's exact probability test; ~ p = 0.98.
IRIS-HI = intraoperative thermal coronary angiography.

Fisher's exact probability test;  p = 1.0.
IRIS-HI = intracperative thermal coronary angiography.
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Fig 2. (A) The left internal thoracic artery to left anterior descending coronary artery anastomosis was not patent on thermal coronary angiog-
raphy by intraoperative imaging with an infrared camera because of graft occlusion. (B) After a reanastomosis at a saphenous vein graft
(SVG) o left anterior descending coronary artery (LAD), thermal coronary angiography was performed again and the saphenous vein graft to
left anterior descending coronary artery anastomosis was subsequently found to be patent (black line).

result in a revision of 9.9% of the distal anastomosis
constructed during off-pump CABG [13]. However, com-
paring the intraoperative ultrasound-based transit-time
flow and postoperative angiogram, the transit-time flow
could not identify any significant lesions in the arterial or
vein grafts, and the interpretation of the flow measure-
ment alone should therefore be done cautiously [14].

Falk and coworkers [15] reported that a thermal coro-
nary angiogram was an ideal, noninvasive method to
immediately document the success or failure of myocar-
dial revascularization. Friedrich and associates [16] re-
ported a thermal coronary angiogram to be both clini-
cally relevant while also helping to improve the decision
making during CABG.

The current models of thermal coronary angiograms
need temperature differences between 0.2 and 0.4°C [15]. In
contrast, the new thermal coronary angiogram needs only a
0.1°C temperature difference [1]. Therefore, we can use the
new thermal coronary angiogram system more easily.

We are presently trying to develop a new system to
analyze the blood flow using a thermal coronary angio-
gram system. If such a system can be developed, then
thermal coronary angiograms could thus be performed
anywhere. In the near future, it may therefore no longer
be necessary to perform postoperative angiograms.
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The CA-1 Test as a New Method for Monitoring Liver Dysfunction

Hidehiko Iwanasui, Michio Kivmura, Mitsue IwanasHI#,
Tadashi Tasuiro and Takashi MoriTa **

Department of Cardiovasucular Surgery, Fukuoka University School of Medicine,

Fukuoka, Japan and *Office Mia, Fukuoka, Japan and **Department of Biochemistory,
P T 14 Y

Meiji Phamacentical University, Tokyo, Japan

Abstract : Recent studies have focused on the fact that liver dysfunction is associated with the
prothrombin time (PT) and hepaplastintest (HPT). We developed a new test to determine the
prothrombin levels using the Carinactivase-1 (CA-1) test for liver dysfunction. Total plasma
samples were assayed for the CA-1 test, PT and HPT. This prospective randomized study was
carried out in 47 samples. The samples were divided into 2 groups. Group 1 included 20 sam-
ples and group 2 included 27 samples. Group 1 consisted of samples from individuals with no
liver dysfunction, while Group 2 comprised samples form patients with liver dysfunction. The

mean prothrombin levels(CA-1 score) were measured using the CA-1 test in groups 1 and 2. The
mean value was 1194 ©g/ml in group 1 and 95.8 yg/ml in group 2. The CA-1 score of group 2
decreased more significantly than in group 1 (p<0.05). Even the prothrombin time interna-
tional normalized ratio (PT-INR) decreased more significantly in group 2 than in group
1. Therefore, the HPT was not significantly different between groups 1 and 2. Consequently,

the CA-1 test is a quantitative analysis.

In contrast, the PT and HPT are qualitative

analyses. Therefore, the CA-1 test is considered to be superior to the PT and HPT. The CA-1
test is therefore considered to be more useful for monitoring liver dysfunction than HPT.

Key words : Liver dysfunction, Prothrombin time, Carinactivase-1, Hepaplastin test

Introduction

The prothrombin time international normalized
ratio (PT-INR) and Hepaplastin test (HPT) are
major methods for monitoring liver dysfun-
ction. However, as the titer of reagents used to
measure the PT-INR and the HPT differs from
manufacturer to manufacturer, and thus the deter-
mined values based on such measurements are not
absolute. Therefore, the establishment of new
and more accurate monitoring methods is requi-
red. With this purpose in mind, we tried to estab-
lish a new test to determine the prothrombin levels
using a Ca® —dependent prothrombin activator,
which was designated as the Carinactivase-1(CA-1)
test.

Patients and methods

Patients

This prospective randomized study was carried
out using 47 samples obtained from the Fukuoka
University Hospital Department of Cardiovascular
Surgery between May 1997 and December 1998.
The samples were prospectively randomized to re-
ceive either a non-liver dysfunction or a liver dys-
function group.

Group 1 included 20 samples while group 2 in-
cluded 27 samples. Group 1 had no samples from
individuals with liver dysfunction. (mean age 63.2
years, gender 12 males and 8 females). Group 2
had samples from patients with liver dysfunction.
(mean age 65.9 years, gender 15 males and 12 fe-
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males) (Table 1)

Methods

All samples were measured using the CA-1 test,
PT-INR and HPT. For comparisons of the two -
groups, we performed statistical analysis.

Liver dysfunction

In this study, the liver dysfunction definition is
the aspartate aminotransferase (AST)=351U/L
and/or alanine aminotransferase (ALT)=351U/L
and/or 7v-glutamy! transpeptidase (y-GTP) =49
JU/L. Neither abdominal echography nor the CT
scanning data were considered in this study.

CA-1 test

Carinactivase-1 (CA-1), Ca’**-dependent proth-
rombin activator which was isolated from the
venom of Echis carinatus leucogaster, was used in this
study. The CA-1 test is performed as follows :
Blood samples (3 ml) were withdrawn from all pa-
tients and then were kept in a vacuum tube contain-
ing citric acid as anticoagulant. The blood was
centrifuged for 10min at 3000 r.p.m., and the
plasma separated. Aliquots of plasma (10 1) were
diluted 10—fold with 20 mM Tris—HCI 140 mM NaCl
pH 7.5 (Tris-buffered saline ; TBS) containing 1
mg/ml bovine serum albumin (TBS/BSA), and

Table 1
Group 1 Group 2
Cases 20 217
Male/female 12/8 15/12
Mean age (years) 63.2+13.0 65.9+14.1

Group 1 had no samples from individuals with liver dys-
function.

Group 2 had samples from patients with liver dysfunc-
tion.

then were mixed with 80 ¢#1 of 3mM CaCl, and 0.31
mM t-butoxycarbonyl (Boc)-Val-Pro-Arg—p—ni
troanilide (pNA) (Seikagaku Corporation, Tokyo,
Japan) and incubated at 37°C for an appropriate
time (5min). Next, 10 ul of 2.5nM CA-1 were
added. The amount of thrombin generated was
quantified by measuring the initial velocity of p—ni-
troaniline at 405nm, using kinetic plate reader,
with pure human prothrombin as a standard.
This method was reported by Yamada et.al. for the
first time in 1996.0

PT and HPT

The PT and HPT were all measured using the CA
-5000 (Sysmex, Kobe, Japan). The PT-INR rea-
gent used in this study was Thromborel-S (ISI :
1.08) (Sysmex, Kobe, Japan). The HPT reagent
was determined using the Hepaplastin test (Eisai,
Tokyo, Japan).

Statistical analysis

A statistical analysis was performed using the
Mann-Whitney U-test. Statistically significant
differences were assumed to exist at a value of P<
0.05. The mean value was taken as the mean=*
standard deviation.

Results

After comparing the demographics of the sam-
ples in group 1 and group 2, no significant differ-
ence was observed in the two populations (Table 1).

Table 2 shows the pre — measure CA-1 test varia-
bles. Even the AST, ALT and 7y-GTP decreased
more significantly in group 2 than in group 1.

Table 3 shows the CA-1 test variables. The
mean prothrombin levels (CA-1 score) of group 1
was 119.4344.3 pg/ml. In contrast, the mean CA-

Table 2
Group 1 Group 2 p-value
AST (JU/L) 19.7%+5.3 83.1%115.6 <0.0001
ALT (IU/L) 13.6%=6.3 33.0+29.6 0.0002
~GTP (IU/L) 23.21+9.9 82.5+18.4 0.0002

Group 1 had no samples from individuals with liver dysfunction.
Group 2 had samples from patients with liver dysfunction.
AST ! Aspartate aminotransferase, ALT : alanine aminotransferase, y~GTP . y—glutamyl! trans-

peptidase.
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Table 3
Group 1 Group 2 p-value
CA-1 score (pg/ml) 119.4+44.3 95.8+29.4 0.0402
PT-INR 1.0=£0.1 1.1£0.1 0.0486
HPT (%) 101.825.4 94.44+32.9 NS

Group 1 had no samples from individuals with liver dysfunction.
Group 2 had samples from patients with liver dysfunction.
CA-1 score: Normal prothrombin levels, PT-INR : Prothrombin time-international normalized

ratio, HPT ! Hepaplastin test.

1 score of group 2 was 95.8%229.4 yg/ml. The CA-
1 score of group 2 decreased more significantly
than in group 1 based on the above findings.

Table 3 shows the PT-INR variables. The mean
PT ~INR of group 1 was 1.0=0.1. In contrast, the
mean PT-INR of group 2 was 1.1+0.1. The PT-
INR of group 2 decreased more significantly than
in group 1 based on the above findings.

Table 3 showed the HPT variable. The mean
HPT of group 1 was 101.8%25.4%. In contrast,
the mean HPT of group 2 was 94.4%£32.9%. No sig-
nificant differences in the HPT variables were ob-
served between the 2 groups.

Discussion

This prospective randomized study was carried
out in 47 samples. The mean prothrombin levels
(CA-1 score) were measured using the CA-1
test. The mean value of CA-1 score was 1194 pg
/ml in the control group and 95.8 yg/ml in the
liver dysfunction group. The prothrombin levels
of the liver dysfunction group decreased more sig-
nificantly than in the control group.

Therefore, no significant difference in the HPT
level was observed between the 2 groups.

Prothrombin is coagulation factors that is made
in liver. Prothrombin has 72kDa polypeptide and
single chain.®? The volume of prothrombin from
the liver demonstrates a higher quantity than
another vitamin-K dependent coagulation facto-
rs.¥ Measuring the prothrombin level is there-
fore considered to be a good measurement of the
liver function. The CA-1 test activates only the
prothrombin levels?. This test is not only a quali-
tative analysis but also a quantitative analy-
sis. The CA-1 test requires only 10 1 of diluted
blood plasma.® Each examination took only

about 30 minutes, and neither EDTA nor heparin
affected the normal prothrombin level obtained by
the CA-1 test. Therefore, the CA-1 test is thus
considered to be an accurate monitoring system.?

In the present study, the PT and HPT were meas-
ured to demonstrate their levels in the liver.

PT examines coagulant factors I, V, VI, X and
fibrinogen. In addition, the HPT examines the Vi-
tamin K-dependent coagulant factors II, VI, and
X. Tt is said that the prothrombin induced by vi-
tamin K absence (PIVKA) does not affect HPT, and
it is also considered to be superior to PT for moni-
toring liver dysfunction.¥® However, as the titer
of reagents used to measure the PT-INR and the
HPT differ from manufacturer to manufact-
urer. The determined values based on such meas-
urements are not absolute. Therefore, both the
PT and HPT are not accurate monitoring sys-
tems. In addition the PT and HPT can not meas-
ure the coagulation activity of plasma sample anti-
coagulated by heparin and EDTA.® Therefore, the
HPT can not monitor anticoagulant therapy pa-
tients treated by heparin. In contrast, the CA-1
test can measure such patients. In this study, the
CA-1 score of the liver dysfunction group de-
creased more significantly than in the control
group. In contrast, no significant differences in
the HPT variables were observed between the 2
groups. Consequently, the CA-1 test is therefore
considered to be superior to the PT and HPT.

Camacho-Lobato L et al® reported that they ob-
served a prolonged prothrombin fragment 1+2 in
early liver dysfunction in schistosomiasis as the al-
bumin levels tended to be normal. However, the
prothrombin fragment 1+2 needs a long measure-
ment time, while, in addition, this method is also
difficult to perform and expensive.”? In addition,
the thrombin — antithrombin I complex (TAT) is
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used to analyze for liver dysfunction.

However, the TAT takes three hours to perform
and it is also expensive.®

Singer AM? reported about “increased transami-
in patients with acetoaminophen-
In such cases, the CA-
1 test is therefore considered to be an appropriate

nase levels
induced liver dysfunction”.

analytical test.

Furie et al.l® developed a new radioimmun-
oassay to analyze normal prothrombin levels.

Kornberg et all¥ developed an assay for the
prothrombin levels by using ELISA. These stud-
ies clearly indicated that the prothrombin levels
reflected the clotting activities of plasma sam-
ples. However, an assay to determine the pro-
thrombin levels is difficult because it requires a
Ca**~dependent anti-human prothrombin antibody
which recognizes the Ca**-bound conformation of
In contrast, the CA-1 test is a
highly sensitive chromogenic microplate assay

the Gla—domain.
that easily quantifies normal prothrombin.?
Conclusions

This study shows that the CA-1 test can be used
to easily and rapidly determine the prothrombin
levels in plasma specimens from liver dysfunction
patients. The sensitivity of the CA-1 test is
higher than the HPT. Neither EDTA nor heparin
affected the normal prothrombin levels obtained
by the CA-1 test. In addition, the CA-1 test is
also a more accurate monitoring system than PT
and HPT. Based on these preliminary data, we
therefore recommend the use of the CA-1 test to
measure the prothrombin levels as an effective new
method for monitoring liver dysfunction.
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