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Abs t rac t  We compared the efficacy 
of oral administration of pentoxi- 
fylline (PTX) and intravenous infu- 
sions of gamma globulin (IVGG) 
combination therapy with that of  
IVGG in reducing the frequency of 
coronary-artery lesions (CAL) in 
children with Kawasaki disease 
(KD), in a randomized trial. All pa- 
tients with KD received acetylsali- 
cylic acid (30 mg/kg per day), until 
the 30th day, after the onset of  fever, 
followed by daily acetylsalicylic acid 
at a dose of 3-5 mg/kg per day there- 
after, and intravenous IVGG, 200 
mg/kg per day, for 5 consecutive 
days. In addition, patients randomly 
assigned to PTX and IVGG combi- 
nation therapy groups received oral 
PTX at a dosage of 10 mg/kg per 
day (low-dose) or 20 mg/kg per day 
(high-dose), in three divided doses 
until the 30th day. Patients with KD 
were all free from CAL prior to 
treatment. We assessed the presence 
of CAL by two-dimensional echocar- 
diography which was also done prior 
to treatment and then twice a week 
after hospital admission. We detected 
CAL in 3 of 18 patients (16.7%) in 
the IVGG therapy group, as com- 
pared with 2 of  18 patients (11.1%) 
in the low-dose PTX and IVGG 

combination therapy group. There 
were no significant differences be- 
tween the two groups. In the next 
study, we detected CAL in 3 of  21 
patients (14.3%) in the IVGG ther- 
apy group, as compared with none of 
22 patients (0%) in the high-dose 
PTX and IVGG combination therapy 
group ()~2 = 6.4, P < 0.02). No ad- 
verse side-effects were observed in 
79 patients with KD. 

Conclusion Despite a small number 
of  patients, we believe that oral ad- 
ministration of high-dose PTX and 
intravenous infusions of  IVGG 
combination therapy is safe and 
effective in reducing the incidence of 
CAL when administered early in the 
course of KD. 
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Introduction 

Kawasaki disease (KD) is an acute illness that occm's pre- 
dominantly in infancy and early childhood [13]. Coronary- 

alxery aneurysm or ectasia develops in approximately 
15%-25% of children with the disease [12, 19]. Conven- 
tional therapy for KD includes acetylsalicylic acid as an 
anti-inflammatory and antithrombotic agent, and high- 
dose intravenous gamma globulin ( IVGG) to prevent 
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coronary  abnormal i t ies  [10, 14]. A l though  the inc idence  
o f  coronary" ar tery les ions  (CAL)  in K D  has dec l ined  s ince 
the rout ine appl ica t ion  o f  I V G G  treatment ,  it  still  deve l -  
ops in approx ima te ly  10% of  pat ients  wi th  K D  in Japan 
[16]. 

Turnout  necros is  factor  ot (TNFo0  is an inducib le  cy to-  
k i n e  p r o d u c e d  p r i m a r i l y  b y  m o n o c y t e s / m a c r o p h a g e s .  
M a n y  b io log ica l  act ivi t ies  o f  T N F ~  appear  to be invo lved  
in the pa thogenes i s  of  in f l ammat ion  and vasculi t is .  Re-  
cent ly  we have  repor ted  that pat ients  wi th  KD and high 
so luble  T N F  recep tor  (TNF-R)  levels  in se rum seem to be  
suscept ib le  to C A L  even i f  they rece ive  I V G G  therapy 
[9]. Soluble  T N F - R  levels  in se rum ref lect  the b io log ica l  
act ivi ty  o f  TNFo~ [2, 17]. Therapeut ic  modu la t ion  o f  the 
r egu la to ry  sy s t em o f  TNFc~, m a y  be  e f fec t ive  in acute  
KD.  

Here  we repor t  the effect  o f  a r andomized  trial  o f  pen-  
toxi fy l l ine  (PTX) and I V G G  combina t ion  therapy as com-  
pared  with  I V G G  therapy on the f requency  o f  C A L  and 
the sever i ty  o f  sys temic  in f l ammat ion  in pat ients  wi th  
KD.  P T X  blocks  TNFc~ product ion  in l ipopo lysacchar ide -  
t reated macrophages  and in endotox in- t rea ted  human  vol-  
unteers,  and has been  used for t reat ing diseases  wi th  the 
increased  T N F a  product ion  [1, 11, 18, 21]. 

Patients and methods 

Patients 

The treatment protocol consists of two parts, study-1 and study-2. 
We enrolled subjects from March 1991 to January 1992 in study- 
1, and from February 1992 to June 1993 in study-2. The treatment 
protocol in study-2 used high-dose of PTX. 

Study-1 included 19 boys and 17 girls, aged from 2 months to 
7 years 11 months. Study-2 included 24 boys and 19 girls, aged 
from 2 months to 6 years 5 months. Each child who met the crite- 
ria for diagnosis and who came to our hospitals within 10 days of 
the onset of illness entered the study. The 1st day of fever was 
taken to be the 1st day of disease. Children were all free from CAL 
prior to treatment and randomly allocated to therapy groups PTX 
and IVGG combination (group PI in study-1 and group P2 in study- 
2) and IVGG only (group G~ in study-1 and group Gz in study-2). 
Their parents gave informed consent before their participation in 
the study. 

Study design 

Patients were randomly divided into two therapy groups in study-1 
and study-2, respectively. Group GI and G2 received acetylsali- 

cylic acid (30 mg/kg per day) in three divided doses until the 30th 
day, after the onset of fever, followed by daily acetylsalicylic acid 
at a dose 3-5 mg/kg per day thereafter, and intravenous infusions 
of IVGG (Venilon, Teijin Limited, Tokyo) as a 5% solution at a 
daily dosage of 200 mg/kg for 5 consecutive days. The Research 
Committee on Kawasaki Disease, Ministry of Health and Welfare 
of Japan, recommends IVGG therapy at a dose of 200 mg/kg daily 
for 5 consecutive days [16]. G1,oups P1 and Pz received the same 
course of acetylsalicylic acid and IVGG as groups G1 and G2 and 
in addition, oral PTX (Trental, Hoechst Japan, Tokyo) at a dosage 
of 10 mg/kg per day (Pa) and 20 mg/kg per day (P2), in three di- 
vided doses until the 30th day. Laboratory testing was performed 
at the time of enrollment and then 1, 2, and 4 weeks thereafter. 
Blood samples were obtained for a complete blood count, differ- 
ential white cell count, platelet count, and measurements of albu- 
min, and C-reactive protein. All adverse reactions were noted. 

Assessment of CAL 

We assessed the presence of CAL by two-dimensional echocardio- 
graphy. Two-dimensional echocardiography was done prior to 
treatment and then twice a week after hospital admission. Each 
study included views of the right coronary artery and of the left 
main trunk, anterior descending, and circumflex branches of the 
left coronary artery, as well as of the posterior descending coro- 
nary artery. A coronary artery was defined as abnormal if the lu- 
men diameter (inside to inside) was at least 3 mm in a child less 
than 5 years of age or at least 4 mm in a child 5 years of age or 
older; if the internal diameter of a segment was at least 1.5 times as 
large as that of an adjacent segment; or if the lumen was clearly ir- 
regular [15]. 

Statistical analysis 

We compared mean values for base-line demographic, and labora- 
tory data and duration of fever at enrollment with two-sample t- 
tests. We investigated the relation of the post-treatment laboratory 
data between two treatment groups by two-sample t-tests. We used 
chi-square tests to compare the crude prevalence of CAL during a 
30-day period after disease onset. 

Results 

Comparab i l i t y  o f  t reatment  groups 

At  enrol lment ,  the patients in the two t rea tment  groups  in 
study-1 and s tudy-2 had  s imi lar  demograph ic  character is-  
t ics (Table 1) and labora tory  data  (Table 2). 

Table 1 Demographic data at Variable enrollment 

Values are expressed as mean 
+ SD 

Study-1 Study-2 

Group G1 Group P1 Group~G2 Group P2 

n 18 18 21 22 
Sex (M/F) 10/8 9/9 12/9 12/10 
Age (months) 24.5 + 20 30.4 + 24.4 30.5 +- 19.8 23.8 + 22.3 
Days from onset of fever 4.8 + 1.3 4.7 + 2.0 4.6 _+ 2.0 4.5 +_ 1.6 
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Table 2 Laboratory data at 
enrollment 

Values are expressed as mean 
+ SD 

Variable Study-1 Study-2 

Group G 1 Group P1 Group G2 Group P2 

White-cell count (x 1()- 9/1) 
Platelet count (x 10-9/1) 
Albumin (g/t) 
C-reactive protein (mg/dl) 

13.4-+ 2.8 15.6 + 4.8 13.9_+ 6.6 18.0_+ 8.0 
345,7 + 93.9 384.2 + 116,6 342.8 + 101.2 375.6 + 115,4 

38.6+ 4.0 38.3+ 4.7 36.2+ 4.4 39.0_+ 5.3 
12.7+- 6.4 11.3+- 6.2 11.1+- 7.0 11.1+- 4.8 

Table  3 Total duration of  
fever and laboratory data on 
study after 1, 2 and 4 weeks, 
according to treatment 

Values are expressed as mean 
+ SD 

Variable Study- 1 Study-2 

Group G~ Group P1 Group G2 Group 172 

Total duration of fever (days) 8.8 _+ 3.9 8.9 _+ 5.2 9.5 + 4.6 

White-cell count (x 10-9/1) 
Week 1 9,7 + 4.5 10.6 + 5.4 11.5 + 6.0 
Week2 8.5 + 2.5 8.5+ 4,0 8.8+ 2.6 
Week4 7,6+ 1.5 8.4+ 2.0 8.1+ 2.6 

Platelet count (x t0- 9/1) 
Week 1 606,2 + 194.3 587.4 + 200.9 544.8 _+ 178.3 
Week 2 514.6 + 121.6 613.8 + 194.1 620.8 _+ 226.0 
Week 4 404.8 _+ 172.2 447.8 + 143.5 496.8 + 218.3 

Albumin (g/l) 
Week 1 38,6+ 6.9 38.4+ 8.5 34.6+ 5.8 
Week2 40.3-+ 3.5 38.0_+ 7.5 39.1 + 4.7 
Week4 45.5_+ 4.6 44.6+_ 3.2 46.4+ 7.1 

C-reactive protein (mg/dl) 
W e e k l  4.2+ 6.7 5.7+ 8,4 5,1+ 7.6 
Week2 2.2+ 4.6 0.6+ 1.0 2,2+_ 4.6 
Week4 0.1+ 0.1 0.1_+ 0.I 0,1 + 0.2 

7.5 -+ 2.8 

10.5 + 5.8 
8.9 + 2,8 
9.0 + 2.9 

583.4 
525.4 
451.t 

34.9 
43.7 
44,6 

2.8 
1.3 
0,1 

+ 232.4 
_+ 159.7 
_+ 131.9 

+ 12.7 
+ 6.2 
+ 6.0 

+ 3.8 
+ 3.4 
+ 0.1 

Table  4 Clinical features of patients with CAL (LMT left main trunk, LAD left anterior descending - RCA right coronary artery) 

Number of Case Age Sex Study day from Aneurysm Maximum diameter 
patients with (years) onset when first location of coronary artery 
CAL (%) detected (days) (mm) 

Study-1 Group G~ 3 (16.7) 1 6,7 M 16 LMT 6.4 
LAD 6.9 
RCA 5.9 

2 0.2 M 10 LMT 3 

3 2.3 M 16 LMT 4 

Group PI 2 (11.1) 4 1.7 M 11 LMT 5,3 
LAD 7 
RCA 5 

5 1.7 M 10 LMT 6.6 
LAD 5.9 
RCA 5 

Study-2 Group G2 3 (14.3) 6 0.3 M 17 LMT 10 
RCA 10 

7 2.2 M 16 LMT 6 
LAD 4 
RCA 4 

8 0.2 M 14 LMT 4 

Group P2 0 (0) 
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Fever and laboratory data 

Table 3 shows total duration of fever and post-treatment 
laboratory data in study-1 and study-2. In study-l,  there 
were no significant differences in the days of  total dura- 
tion of fever between group G~ and group PI- In study-2 
group P2 seemed to have a shorter duration of fever after 
the beginning of therapy than group G2, but there was no 
significant difference between the two groups. 

In both studies, there were no significant differences in 
post-treatment laboratory data between group G and P ex- 
cept for a slightly more rapid normalization of  CRP in P2. 

Coronary-artery abnormalities 

Table 4 shows clinical features of patients with CAL in 
study-1 and study-2. In study-l,  we detected CAL in 3 of 
18 patients in group G1, as compared with 2 of 18 patients 
in group P1 during a 30-day period after disease onset. 
This difference did not reach statistical significance. 

In study-2, we detected CAL in 3 of  21 patients in 
group G> as compared with none of 22 patients in group P2 
(Z 2 = 6.4, P < 0.02) during a 30-day period after disease 
onset. 

Adverse effects 

No adverse side-effects were observed in 79 patients with 
KD in study-1 and study-2. 

Discussion 

We have reported that the increases in peripheral blood 
CD 14 + macrophage/moncyte  counts, serum levels of  
TNFo~ and levels of soluble intercellular adhesion mole- 
cule t in serum are more evident in KD patients with CAL 
than those without CAL [3, 5, 6]. We have also reported 

that activated T-cells are temporarily withdrawn from 
peripheral circulation during acute KD, and that seques- 
tration of activated T-cells may be a feature of  this dis- 
ease [4, 7, 8]. In our opinion, central to the development 
of CAL may be the expression of adhesion molecules on 
vascular endothelial cells, which is induced by TNFc~ 
secreted by the increased numbers of  activated CD 14 + 
macrophages/monocytes circulating during the acute phase 
of KD. Recently, we measured p60 soluble TNF-R shed- 
ding into the circulation in patients with acute KD, all of  
whom received intravenous IVGG, High amounts of  solu- 
ble TNF-R are produced in any condition in which the ac- 
tivities of  TNFo~ are increased [2, 17]. Patients with CAL 
had higher levels of soluble TNF-R than did those without 
CAL [9]. This suggested that KD patients with a marked 
activation of T N F ~  seem to be susceptible to CAL in 
spite of  IVGG therapy. 

In March 1991, we began a randomized trial in patients 
with acute KD to administer PTX, which blocks TNF~ 
prodcution [1, 11, 18, 21]. The mechanism by which PTX 
decreases TNFo~ mRNA may involve increased cyclic 
AMP [20]. As shown in this study, oral administration of 
high-dose (20 mg/kg per day) PTX combined with intra- 
venous IVGG tended to lower the incidence of CAL and 
slightly accelerated the resolution of systemic inflamma- 
tion. Low-dose (10 mg/kg per day) PTX was ineffective. 

Despite the small number of  patients, we believe that 
oral administration of high-dose PTX in combination with 
intravenous IVGG is safe and effective in reducing the 
prevalence of CAL when administered early in the course 
of  KD. 
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