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Background: In 2016, Lin et al. developed a prediction score of non-
responsiveness to intravenous immunoglobulin (IVIG) in patients with Kawasaki
disease (KD) (Lin et al., 2016). Various studies have attempted to validate the
Formosa score, but inconsistent results have given us new opportunities and
challenges. The aim of this meta-analysis is to explore the role of the Formosa
score as a risk score in detecting IVIG-resistant KD patients and then compare
the pooled sensitivity and specificity of four Asian risk scores, Egami, Formosa,
Kobayashi, and Sano risk scores.

Methods: A comprehensive search of Cochrane, Embase, and PubMed was
conducted through 20 December 2021, using key terms relevant to the
research question “What are the sensitivities and specificities of the four Asian
predicting scores, Egami, Formosa, Kobayashi, and Sano, in Kawasaki disease
patients with IVIG resistance?” The reference lists of the included studies were
manually reviewed to identify pertinent references. A random-effects bivariate
model was used to estimate the summary of sensitivity and specificity of the tools.
Results: We found 41 relevant studies of the four Asian risk scores that were
eligible to analyze for pooled accuracy. Eleven studies involving 5,169 KD
patients reported the diagnostic performance of the Formosa score for the risk
of IVIG resistance. The overall performance of the Formosa score was as
follows: pooled sensitivity, 0.60 [95% confidence interval (Cl), 0.48-0.70];
pooled specificity, 0.59 (95% CIl, 0.50-0.68); and area under the hierarchical
summary receiver operating characteristic curve, 0.62. The Formosa score
exhibited the highest sensitivity 0.76 (95% Cl, 0.70-0.82) for detecting
IVIG-resistant KD patients among the 21,389 children included in the 41 studies.
In terms of specificity estimates, Formosa had the lowest specificity of 0.46
(95% ClI, 0.41-0.51).
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Conclusion: Patients at high risk for IVIG resistance may receive adjunctive treatment to
reduce coronary lesions and thus also cardiovascular morbidity. Among all of the
included studies, we found Formosa score to have the best sensitivity (0.76) but
unsatisfactory specificity (0.46) for predicting IVIG resistance in Kawasaki disease. In the
future, network meta-analysis should also incorporate the accuracy of the new scores
after they have undergone a certain degree of validation around the world.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, PROSPERO

CRD42022341410.
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1. Introduction

The prevalence of Kawasaki disease (KD) is highest in Asia (1).
National surveys in Japan, South Korea, and Taiwan have all
confirmed this finding. KD is not just acute vascular
inflammation, as long-term follow-up has found that it affects
immunity and the development of allergic diseases (2-5).
Intravenous immunoglobulin (IVIG) resistance is a term that was
developed after the invention of IVIG treatment for KD (6).
Approximately 10%-20% of patients still experience persistent or
recurrent fever after completing the initial IVIG administration
and are thus classified as unresponsive to IVIG treatment. This
group of patients is at an increased risk of developing coronary
artery lesions (CAL) (7, 8). Many scoring systems have been
used to predict the risk of IVIG resistance (9). In particular, the
scoring systems in Asia have been repeatedly verified for a long
time in the hopes of providing initial treatment guidelines for
high-risk patients in Asia (10, 11).

Many scoring systems have been developed to predict IVIG
resistance in KD, such as Egami, Formosa, Kobayashi, and Sano
scores (12). However, their efficacy needs to be validated given the
regional and racial population (12). Fabi et al. enrolled both
Caucasian and Asian children and determined that Formosa score
had the highest predictive efficacy for CAL risk (13). The Kobayashi
score had a sensitivity of 64.0% and specificity of 62.5% in a total of
257 patients. However, when applied to seven Asian patients, the
Kobayashi score had a sensitivity of 100% and a specificity of 75% (13).

IVIG resistance scoring systems can help clinicians identify
high-risk KD patients who may benefit from so-called “rescue
therapies,” such as IVIG plus prednisolone or IVIG plus
cyclosporine (10, 11). Adopting additional treatment before the
initial use of IVIG could potentially reduce the incidence of CAL
in IVIG-resistant KD patients (14).

According to the Kobayashi score, cutoff points and score
points for each variable are as follows: sodium <133 mmol/L, 2
points; days of illness at initial treatment <4, 2 points; aspartate
aminotransferase (AST) >100 IU/L, 2 points; % neutrophils
>80%, 2 points; C-reactive protein (CRP) >10 mg/dL, 1 point;
age <12 months, 1 point; and platelet count <30.0x10*/mm>, 1
point. Patients with a total of 4 or more points are identified as
being at high risk for IVIG resistance. This score has a sensitivity
of 86% and specificity of 68% in predicting IVIG resistance (7).
According to the Egami score, based on the odds ratios of
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significant predictors, 1 point is assigned for infants younger
than 6 months, before 4 days of illness, platelet count of <30 x
101, and CRP of >8mg/dl, respectively. Two points are
assigned for alanine transaminase (ALT) 80 IU/L. Using a cutoff
point of 3 or more points with this prediction score, it could
identify the IVIG-resistant group with a sensitivity of 78% and
specificity of 76% (15). According to the Sano score, the criteria
for at least two of the three predictors (CRP >7 mg/dl, total
bilirubin >0.9 mg/dl, or AST >200 IU/L) are considered to be
clinically useful for detecting non-responsiveness to IVIG in
patients with acute KD before treatment, with a sensitivity of
77% and specificity of 86% (16). According to the Formosa
score, cutoff points and score points for each variable are as
follows: albumin <3.5 g/dl, 1 point; neutrophil percentage >60%,
2 points; and positive lymphadenopathy, 1 point. Patients with
scores of >3 points are identified as being at high risk for IVIG
resistance. Their sensitivity and specificity have been shown to be
90.9% and 81.3%, respectively (17).

In this study, we compared the predictive efficacy of the Egami,
Formosa, Kobayashi, and Sano scoring systems using a bivariate
meta-analysis.

2. Methods

We conducted this study in accordance with the guidelines of
the preferred reporting items for systematic reviews and meta-
analysis of diagnostic test accuracy studies (PRISMA-DTA) (18).
We formulated the following patient, index test, comparison,
outcome (PICO) question: “What are the sensitivities and
specificities of four Asian predicting scores, Egami, Formosa,
with
intravenous immunoglobulin resistance?” The definition of IVIG

Kobayashi, and Sano, in Kawasaki disease patients

resistance varied according to different studies (Table 1) (19).
We registered the study protocol at the International Prospective
Register of Systematic Reviews (PROSPERO CRD42022341410).
We first performed a systematic literature search in all fields in
international electronic databases, including Cochrane, Embase,
and PubMed (20). We applied the combinations of keywords

» o«

used, respectively, with the “Kobayashi score,” “Egami score,”

» » <« »

“Sano score,” “Formosa score,” “sensitivity,” and “specificity” to

identify relevant articles (21). Our search only included papers
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published in the English language. The reference lists of the
included studies were manually reviewed to identify cited articles
of these four Asian scores (7, 15-17). Original articles would be
included in this meta-analysis if they met the following criteria:
(1) examination of patients with KD; (2) assessment of the
sensitivity and specificity of the Egami, Formosa, Kobayashi, or
Sano scores; and (3) received treatment with a total IVIG of 2 g/
kg including one single dose or 1 g/kg per day for 2 consecutive
days. When the study reported Kobayashi score with a cutoff
value of 24 and 25, we recorded the value with the cutoff of 24
for analysis. We ruled out case reports and studies that predicted
IVIG resistance with a predictive score after diagnosing KD and
then prescribing different treatments. Studies that did not report
sensitivity or specificity values and sample sizes were excluded.
Two investigators (Wan-Ni Chiang and Dr. Ling-Sai Chang)
independently extracted data from each included study by using
a predesigned data extraction form, including the authors,
publication year, the country where the study was conducted,
study design, age, percentage of male participants, number of
participants, and cutoff value for the analysis of sensitivity and
specificity. The same two investigators (Wan-Ni Chiang and Dr.
Ling-Sai Chang) independently performed a systematic literature
search and evaluated all relevant studies for eligibility criteria.
Any disagreement was resolved through discussion.

After the full systematic literature search was performed, we
used bivariate statistical analysis to obtain the logit-transformed
sensitivity and specificity of the Formosa score. To estimate the
summary of sensitivity and specificity, we adopted a random-
effects bivariate model. All analyses were performed using Stata
version 17.0 (StataCorp LP, College Station, TX, United States)

10.3389/fcvm.2023.1164530

with megqrlogit for network calculation based on the ANOVA
model proposed by Nyaga et al; metandi for making the graph
of the hierarchical summary receiver operating characteristic
curve (HSROC); midas for calculating sensitivity and specificity
of the Formosa score, heterogeneity measures, I* estimation, the
area under the curve (AUC), and subgroup calculation; and
melogit for comparing the Formosa score and the other three
Asian scores’ user-written commands (20, 22). Furthermore, we
accessed the publication bias for evaluating the accuracy of the
Formosa score using Deeks’ funnel plot asymmetry test (23).

We adopted the revised Quality Assessment of Diagnostic
Accuracy Studies to evaluate the methodological quality of
selected studies according to four domains comprising 14 items
rated as “yes,” “no,” or “unclear” (24).

3. Results
3.1. Study selection

We identified a total of 345 articles through database searching
(PubMed =150, Embase =82, Cochrane Library=113) and 12
additional records through manual retrieval of articles, citing the
original articles that invented the four scores (8, 16, 25-34). Of
the 177 records initially identified through title and abstract
screening after removing duplicates, 131 were removed for failing
to fulfill the inclusion criteria (Figure 1). Further full-text
assessment of the potential 46 articles led to the exclusion of five
studies, which were excluded for the following reasons: two not
in English, one wusing risk scoring

systems in patients

345 Records identified through
database searching

150: PubMed

82: Embase

113: Cochrane Library

357 Records identified

removed

for eligibility

2
:
2
i

in qualitative synthesis

in meta-analysis

FIGURE 1

12 Additional

through manual

articles, citing original

that invented the four scores

177 Records after duplicates

46 Full-text articles assessed

41 Reports and our study included

41 Studies and our study included

Flow diagram of literature retrieval for reporting the study selection process.

records identified
retrieval  of
articles

180 Duplicated records excluded

131 Excluded by title and abstract

5 Articles excluded

1) Not in English: two articles

2) One article using risk scoring systems in patients
unresponsive to the second IVIG

3) One article without case number

4) One design with different treatments for low and high-risk
patients
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unresponsive to the second IVIG, one without case number, and
one design with different treatments for low- and high-risk
patients (35-39). Ultimately, a total of 41 studies were included
in the network meta-analysis.

3.2. Study characteristics

A total of 41 articles met the inclusion criteria in Table 1,
which provides broad details of the studies. Eleven studies were
included in both the bivariate meta-analysis for the Formosa
score (Table 1A) and network meta-analysis for the four Asian
scores. All included studies were written in English. The median
number of patients was 305 (interquartile range, IQR: 125.5-
580.5), while the median prevalence of IVIG resistance was
157% (IQR: 12.1%-21.2%). Thirty-four studies with 18,170
KD patients evaluated the Egami score; 11 studies with 5,169 KD
patients evaluated the Formosa score; 36 studies with 20,006 KD
patients evaluated the Kobayashi score; and 25 studies with
12,970 patients evaluated the Sano score.

Of the 41 studies, three conducted prospective studies, two
conducted retrospective or prospective studies, and the remaining
36 were retrospective studies. All studies provided detailed
information on the reference standard for diagnosing IVIG
The
recrudescent fever at least 24, 36, or 48 h after completion of the

resistance. definition of reference was persistent or

10.3389/fcvm.2023.1164530

first IVIG the additional IVIG
immunosuppressive medications. These 41 studies were conducted
between 2006 and 2021. Four of the studies excluded incomplete
KD patients (7, 31, 40, 41). Furthermore, four studies excluded
cardiovascular complications before or at initial treatment (7, 15,
41, 42). While three studies adopted thresholds of 25, other studies
evaluating Kobayashi score used Kobayashi-specified thresholds
(24) to classify the results (28, 29, 42). This study consists of four
different Asian scores, namely, 3 studied Egami score, 1Formosa, 4

or necessity ~ for or

Kobayashi, 1 Sano, 3 Egami+ Kobayashi, 1 Kobayashi + Sano, 5
Egami + Formosa + Kobayashi, 18 Egami + Obayashii + Sano, and 5
Egami + Formosa + Kobayashi + Sano scores.

3.3. Results of meta-analysis for the
sensitivity and specificity of the Formosa
score

In the analysis, we identified 11 studies involving 5,169 KD
patients that reported the diagnostic performance of the Formosa
score for IVIG-resistant risk (12, 13, 17, 30, 34, 40, 43-47).
Figure 2 shows the overall performance of Formosa score:
pooled sensitivity, 0.60 [95% confidence interval (CI), 0.48-0.70];
pooled specificity, 0.59 (95% CI, 0.50-0.68); and area under the
summary receiver operating characteristic curve (SROC), 0.62, as
illustrated in Figure 3.

Studyld : SENSITMTY (95% CI)

|
|
|

1 : - 0.76 [0.69 - 0.82)
|

10 o 0.44[0.20 - 0.70)
|
|

9 B Em— 0.88[0.47 - 1.00]
|

8 —c—: 0.41[0.24 - 0.59)
|

7 —— 0.44[0.35 - 0.53]
|

6 +o— 0.70[0.54 - 0.83]
|

5 —— 061[0.47 - 0.74]
|

4 . : 033[0.12-0.62]
|

3 —F-o—— 0.68[0.46 - 0.85]
|
|

2 —a— 0.43[0.30 - 0.56]
|

1 : - 0.86 [0.68 - 0.96)
|
|
|

COMBINED <> 0.60[0.48 - 0.70]

|
| Q=66.85, df = 10.00, p= 0.00
|
: 12= 85.04 [77.31 - 92.77]

SENSITIVITY

FIGURE 2

Bivariate meta-analysis of the Formosa score for pooled sensitivity and specificity of 11 included studies. The study ID is identified in Table 1A.

COMBINED

Studyld SPECIFICITY (95% CI)

0.39[0.37

-0.42)

051042 - 061]

0.74[0.62 - 0.83]

0.71[065-0.77)
0.77[0.74-081]
0.45[0.38 - 0.52]

054049 - 059]

0.52[0.41-063]

0.48[0.44 - 053]
0.47 (0.4 - 0.50]
0.81[0.75- 0.86]
0.59(0.50 - 0.68]

Q =424.84, df = 10.00, p= 0.00

12 =97.65[96.95 - 98.34]
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FIGURE 3
Hierarchical summary receiver operating curve (HSROC) of the sensitivity vs. the specificity of the performance of the Formosa score for predicting
intravenous immunoglobulin resistance in Kawasaki disease patients. Each included study is represented by a circle; squares represent the summary
test accuracy.

The potential sources of significantly statistical heterogeneity
were IVIG-resistant rate, the definition of IVIG resistance, and
the diagnostic criteria of KD. The factors that may explain the
heterogeneity must be further evaluated by subgroup analysis
(Table 2). The meta-regression suggested that the sensitivity and
specificity of Asian studies (n=7) were not significantly greater
than that of the non-Asian studies (n=4) (sensitivity in Asian,

Frontiers in Cardiovascular Medicine

0.65, with 95% CI, 0.53-0.78, and sensitivity in non-Asian, 0.48,
with 95% CI, 0.30-0.67, p =0.16; specificity in Asian, 0.61, with
95% CI, 0.50-0.72, and specificity in non-Asian, 0.55, with 95%
CIL, 0.40-0.71, p=0.35). A trend of lower sensitivity in Turkey
was also found (sensitivity in Turkey, 0.39, with 95% CI, 0.53-
0.78, and sensitivity in non-Turkey, 0.66, with 95% CI, 0.30-0.67,
p=0.11). No significant difference was observed between

06 frontiersin.org


https://doi.org/10.3389/fcvm.2023.1164530
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2023.1164530

Chiang et al.

(panuijuoo)
JUaUEAI) DIA] [eIIUT U} J2)Je [ 9¢ UTYIIM IIAJJ
Jo souereaddear 10 Juaysisiad e jo asnesaq Aderoyy ysedeqod|
plo s1eak g ueyy 1o8unox B¢ Ppro1d)s 10 HIAT Jo aSesop puodas & parmbay 0s 0T TwreSg BAIOY | £10T urys aanpadsonay
€91 oueg
suorjesTpawr darssarddnsounurt €8T ysedeqody
ejep A1ojeroqe] Suisstyy | 83/8 ¢ asop ddurs v asauede( 10 DIAT [FUOnIppE 10} AJ1ssadau oy, 80T €81 TweSg uede( | 9707 | nsHwWRUEY aatpadsonay
-23odwoour 1o Sursstur
SEM JUISUO0D PIULIOJUI asoym 3soy) pue ‘uorurdo
PUOD3s B JOJ PaNIWPE dIoM ‘OYM dsoy) “Furssrur
2I9M BJEP UOTIRIND I2AJ 3SOUYM SO} “erep Surssijy VHY DIAI JO 9s0p puodas & parmbay $'91 S0€ rureSyg ureds | 9107 zaypueg aanadsonoy
(@] dTWIUT 0} UMOWY JSBASIP IaYjoue DIAI [enIur oy} Tysedeqod|
Jo dudsaid pue ssauffr Jo Aep YIus) Ay} 1ae DIAT B¢ VHYV | Jo1e [ 9¢< 10J J9AJJ JUIISIPNIDAI IO JU)SISIOJ S 016 rwreSg 'UIYD | 910C Suey, aanpadsonay
oueg
JUSUIIEAT) DIAT PIAIIAI JOU PBY DI0JIdY) 19A3J JUDISIPNIDAI IO Jud)stsiad Tysefeqod|
PUE “I2A3J OU pey IO qUanyynsur a1am eyep oy, | 8y/8 ¢ asop ajdurs y 0] anp DAJ JO 3SOP U0 UBY) IIOW PIATINY 891 €0L rwedyg 210 | 910T wry] aanpadsonay
wopSury
9)o[dwod 10U sem 0UIPIAD £10JeI0qE] IO [BITUID) TyseAeqoy] JO UONIUYAP 3Y) YDIB]A s 65 ysedeqod| panun | ST0T satae(q aanpadsonay
DIA] YIM pajean udaq pey pue spejrdsoy
1930 UT (Y] YHIM pasouSerp aTom UIP[IY (F) 10 UOISI[ BIISLID
A13)1e £10U0105 10§ [E31dSOY INO PAYISIA pUE (Y] JTUOIYD skep g-¢ By onsouSerp pIepue)s ay) jo U0 Ised] 1B PIM
(¢) ‘shep (1 181y oY) 1o)ye pasouderp a1om WIPIYD () | /3w 00S—00% @oU0 puE JuaUEdI) DA [ENIUT I3}E SYOIM 7 0) [ 8 ysedeqoy|
)ordwod jou sem 20udpIAd L10jer0qe[ J0 et (1) | B/8 ¢ @omm) /8 1 asouede( woy awn) AU 18 J9A9J JUSLINIAI 1O JUI)SISIDJ 6'L1 LLTT rureSyg 'UIYD | €102 ng aanadsonay
(A1resar 10 oueg
Are[ixe D,0'8¢< 2Injeradura)) I9A3] JUIISIPIIDAI ysefeqod|
B¢ VHY PEY OYM IO [ 9¢ JAO I0J PINUNIUOD 1AL L6 60€ TwreSyg BIOY | €107 red aanpadsonay
DIAI 9s oueg
Tentur ay) Jo uonadwod 19)Je [ 9¢< Je 90In0s 79 ysedeqod] eOLIUIY
[EMBIPTII M /B¢ VHV A1 11p0UR JNOYIM D,€'GE ISEI] JB JO I ¥l 8L rwedy YHON | TT0T 1adaays aanpadsonay
Jusurjean) 1a)ge porad ariqaye ue 2)1dsap 19Ad)
Adexary Aep JUIISIPNINAT IO “UOISNIUT HIAT Y} JO PUd Y} (syurod
[entut Y jo red se sproId)s paAledaI oym Io judunedn) | [ 1oy Aep/3y/3 ¢ 1o Ioye [ ¢ uey) 210w Joj Sunse] 1Ad) Jud)sisiad 62 Jo JJond)
Tenrut ay) a10joq suonesrduwod remoseaorpie)) | skep ¢ 10y Lep/3y/3 1 asauede( Jo asnesaq Ade1ay) andsal [eUONIPPE UIAID 87T 9791 ysefeqod| uede( | 1T0C PSS aanpadsonay
DIAI 181y 213 jo uona[duwod 1aye skep £ uey)
123u0] J0U INq Y 8§ s3] e 10j (A[[eI0 1o Ae1dar
B¢ VHV d o7°00T <.I) 19A3J JUIDSIPNIIAT 1O JUI)SISIOI 07-86 79¢ rureSyg BOLDUWIY | 8007 |  J9[MOWdI], aanadsonoy
skep ¢
J10J POIA)STUTWIPE SEM DIA] Surystuy
DIAI jo Aep/3y/8 1 asauede( 1Y (Y HT 1940 DG LEL) I9AJJ JU)SISID 0C 71T oueg uede( | £00T ouesg aanpadsonoy
uorsuajodAy jo asnesaq
Juaunjean) HIAJ 239[dwod jou pip sjusned ¢ Quowrjear) skep 2ATNOASUOD
[enrtut a105aq suonesriduwos remoseaorpre)) (@ [edrdfe 7I10J 471 porrad alIqage Ue I9)e I9Ad)
IO (] OTWIUW 0) UMOUY 3SeaSIP SNOMDJUT 1oy | Jaao Aep 1od Sy/3 1 asouede( JUIDSIPILIDAT 10 [ ¢ puokaq Sunsisiad 10A9] 02T 929 1ysedeqod| uede[ | 900z | Tysedeqoy aanpadsonay
DIAI [eBIul 1235
Y 8F UIYIIM 9%0G UeY) 10w £q gD Ul [[eJ & pue
judujean) fenrur e suonedstdwoo remosesorpie]) | asop/3y/3 ¢ ddurg asouede( (D6S°LE>) 9A3) JO UONN[OSAI pey Iopuodsar y €1 0z¢ TwreSg uede( | 9007 tureSyg aanpadsonay

uoisn[x3

Qayl jo euad

Jnsoubelq

3dUelSISal DIA| JO eudID)

(%) =1ed
ueISISaI
OIAI

syuaned
(@]

$91035

A1inuno>

SEEYN

ubisaq

'9402S BSOW.IOS 3Y} JNOYHM S3IPN3S Papn)dul :S3IPN3S Papnidul 8y} Jo sosuadeieyd jestund gt 319v.L

frontiersin.org

07

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2023.1164530
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2023.1164530

Chiang et al.

(panuiuos)
QRUWIXI[UI IO PIOIA)S 121 oueg
papaau oym jusned Aue pue 1A} JUSLINDX 481 1ysedeqoy| aAndadsomar
dn-mofjoj ygnooy) € aaey 10U P 8¢ VHV | “1943) dois 03 DIAT $/8 ¢ uey 10w papaoN Tel 121 Ture8y uel] | 0707 DleIpy | [BUONY2S-5501D)
juade
1010¥J SISOIDAU JOWMN}-TJUE IO SPIOIIISOIIII0D 8T 112 oueg
M (UOISNJUT DI AT ISIY Y} I3}E) JUSW)EII} Ul L¥1 233 1ysedeqod| aAnoadsoxd
syusned Jnpe Y [NJIqNOp pue payIssepun) VHYV | -Pu0d3s 10 DIAT JO 3SIN0D PUOIIS & 10j Padul Y], 611 0ze Twedy aouery | 0707 wexd | 10 aanpadsonay
oueg
Y 7L-H 1935e 19A9) © SurAey se pauyap ysedeqoy|
aseyd aynoe-qns ay) Suunp paprwpy M8 VHYV | sem [dIYM ‘DIAT ISI oY) 1) 1943 Judjsisiod y ¥ €9¢ Twesy uel] | 0g0g | Iueeyseys aanpoadsonay
oueg
ysedeqoy|
asop By/3 ¢ aurs v VHY DIAI Sutar0a1 12)Je Y 8F< 10§ S[qa] 8¢ 556 TwreSg »aI0Y | 070T el aanadsonay
JUSWaI) HA] SAID31 J UPIP OYM PUE UOISSIWPE oueg
210J2q SUONMJTISUT [EIIPIW JSYIO UT JUIUIILT} DIAI [eNIUT 12}5e sy2aMm ¢ 0} [ g SuLmp aw Aue 1ysedeqoy|
DIAI USAIS U22q pey saseasIp 19y)0 pue (Y )2[dwoduy asauede( | Je D,¢"£E< JO T2A) JO 2OULINDAI J0 du)sisiad v 99 11T Twedy eury) | 610C ueg, aanadsonay
oueg
DIAI Jo uona[dwod 12)5e | 8§ Uey) 210w ) ysedeqod|
ejep ajadwoouy Aep 1 1000 B/8 ¢ VHY | 08€ UBY) 210U JO 12A3] Jud)sisiad 10 Juadsapnioay 71 441 muedy | axodeduig | 6107 rueuSuo) aanpadsonay
oueg
(syurod
DIAI ou sisouSerp aAneuId)[e [euy & YIm sjudned 62 Jo Joynd)
pue aseqejep ay) ur pajesridnp aq o3 punoy syusred uotsnjur ysedeqod| B> (dve)
asoyy ‘stsouerp jo awm Yy Je s1edk 91 uey) IP[O VHYV | DIAI JO PU9 33 Id)Je [ 9¢ I0J 1A JO 2OU)SISId] L'ST 909 Twedy uredS | 6107 | -zopueuiag aAnadsonay
-armsodxad
ProIals UrelIaoun dIreutonsanb 3y} Uo paydN sem ou
Iou 2k 1oyIou a1oyMm pue Aderay) DIAT ISIY AU} YIM oueg
JUSIINOUOD UOTR)STUTWPE PIoId)s ‘sjusned pajeanun DAL JO 350p puodas & UdAIS 210§o191} Tysedeqod]
DIAI ‘UonIuYap ased [edru1p ayy yum A[dwod 03 amyreg VHV pue y 9¢ uey) 1a8uof 10§ Sunsisiad 1049, 96T 10€ rwedy | Auewn | 8107 qoxe( aanpadsonay
ueys Aderayy DIAL rentur
Jo 4 8 urpm (DG L€ da0qe armjeradway Areqxe oueg Z3[RZUOL)
q ¢ 105 8%/3 ¢ asauede( ue SuIARY Se PAULIP) PIAJOSIT JOU SEM IIAI] 192 1352 1yseAeqoy| uede( | 8107 -Zawen) aandadsonay
€TT oueg
Y 7L-FT 191Je 19A9) SUIARY S PIULIP SEM UDIYM 61T ysedeqod|
aseyd ajnoe-qns ay SuLmp paprwpy /B¢ VHVY ‘DIAI JO 250p 181y ) 1oy 1943 Judysisiad v ¥'81 9€T TwreSg [9®1S] | 8102 auery aanpadsonay
oueg
(syurod
€71 S< Jo jomd)
dn morjoy DIAI Y} 12)€ [ g% 10§ ST 1ysedeqoy|
Surmp paysiqess sem (] ueyy 1yjo sisouderp y NS¢ VHY | (D.08¢< amyeradway) 1949) Jo oudjsisiad oy, 18 6Vl TweSy aouery | 8107 mquyD aAdadsonay
NS¢ uoneISIUIWpPE DIA] Idje 102528
JO 9s0p aAERMWND VHYV | [ 9¢< I0J I9A9J JO 90UDIINDAI 10 doud)stsIad o], 11 (Y4 ysedeqod| puepod | 10T -laprag aanpadsonay
oueg
juswIIeaI} Ay} I9A3J JUDOSIPILIDAI 10 DIAT Jo uona[duwod 1ysedeqoy|
210J2q TYD M I0 aseastp 1ay30 Aue 10 (1] a)ddwoouy Kep/3y/8 ¢ asouede( A} I9Ye [ H¢< 10§ Sunse| I19Ad) JUI)SISIO 1T L€V rwedyg uede( | /10T BIYSAE ], aanpadsonay

ay 4o eusund

1soubeiq

9dURISISAI DIA| JO BLRID

(%) @184
jue)sIsal
SIAI

sjuaned
a

A1inuno)

JIEEYN

ubisag

psnunuo) gt 319v.L

frontiersin.org

08

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2023.1164530
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Chiang et al. 10.3389/fcvm.2023.1164530

o subgroups according to ethics, diagnostic criteria, total scores, or
2 o IVIG-resistant rate, as shown in Table 2 (p > 0.05).
=}
<3
[
o .
£z 3.4. Results of network meta-analysis of the
=} .
. 22w four Asian scores
s EE A
E SR= ~
X §§ £ The network graph of the relationship between the four Asian
ER scores and reference standard is shown in Figure 4. Of the children
g go K] included in the network meta-analysis, 21,389 with a confirmed
S Yy
=} =8
3 E%’ _qé diagnosis of KD by the American Heart Association (AHA) or
3 E g S Japanese criteria were included in the comparison of sensitivity and
=]
£8 g = specificity among the four Asian scores (15, 19). The current study
enrolled 41 studies, and the results of the four scoring systems in
. = predicting IVIG resistance are shown in Table 3. Based on the 41
& g studies, we suggest that the Formosa score has the highest
T = sensitivity in predicting IVIG resistance among the four scores. The
Z 22
£ ™E g Formosa score has the lowest specificity. In contrast, Egami and
N N =~
Kobayashi score had high specificities.
L& ! gh P
25
5 .c
25 K < < . . .
°t ENENEE 3.5. Publication bias
= = =
= g (\g
“5 g 3 Deeks’ tests revealed no significant publication bias among
S é g the included evaluation pooled results of the overall
% :/g' 5 8 performance of Formosa score (p =0.73), as shown in Figure 5.
% § g |5 &0 I? results revealed significant between-study heterogeneity in the
g R <2 I .
0] ‘f'j; 5 | == pooled sensitivities (I”=85.04%) and specificities of the
% % e |E g E Formosa score (I> = 97.65%).
s ERTMEE
e 8- = = %5
S 2 |3 g
[SHER1 B2 2 8 . . .
= & < 3.6. Quality of included studies
28 = g<
i L < 4 Nine studies (22.0%) had different numbers for each score, or
2o the number of patients enrolled was not the same as the number
s SR
7 ¢ B a = of patients used to calculate the scores, so they introduced bias
[
and resulted in an unclear flow and timing (Table 1 and
g - Figure 6) (7, 17, 28, 48-53). The included studies listed the
— D 0
'%_ © SR reference standard, and the KD patients received the same
reference standard. No high concerns regarding applicability of
- ~ - index tests, reference standard, or patient selection were observed.
= = =
z go 'é go 'é éo Only a few studies adopted prospective designs (30, 33, 44).
Eoé g Eo’é 5 En’é 3 Therefore, enrolling a consecutive or random sample of patients
was hard for retrospective studies. One study used a case-control
; E‘, E design and produced an abnormally high IVIG-resistant rate (54).
& E £ Regarding the Formosa score, researchers identified IVIG-resistant
~ ~ - patients in the clinical data including physical examination
N a a
& & ] (lymphadenopathy) and laboratory, while other scores did not
adopt the use of the physical examination, which may influence
_% S the diagnostic accuracy of the index test (17).
- B 4. Discussion
I
58 | & &
2 g 2| £ £ To the best of our knowledge, this study is the first diagnostic
=
i L - meta-analysis to focus on comparing different scores for

TABLE 1B Continued
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Kobayashi

FIGURE 4

standard.

The network graph of the four scores only represents the comparisons of included studies. The size of the node represents the number of studies; the
thickness of the line showing direct comparisons represents the number of studies. Resistance by the definition of each study is used as a reference

Formosa

Egami

resistance

predicting IVIG resistance in KD patients. The identification of
patients at high risk for IVIG resistance at the time of
presentation is of significant benefit and may allow clinicians to
identify those who may benefit from more intensive monitoring
of their condition and who may require treatment modulation
during the acute phase, with the potential addition of other
anti-inflammatory agents to the conventional IVIG treatment to
protect them from ongoing CAL. Many scoring systems have
been used to predict the risk of IVIG resistance. However, the
prediction efficacies of these scoring systems vary considerably.
The results of five head-to-head studies suggested significant
variations without consistent conclusion (30, 34, 40, 44, 46).
Creating new scores for IVIG-resistant prediction is becoming
an increasingly popular field of study. Since obtaining head-to-
head evidence is difficult, diagnostic network meta-analyses are
useful for incorporating direct and indirect comparisons with
these scores (20).

In this diagnostic meta-analysis study, we evaluated the prediction
efficacies of IVIG resistance through four existing scores, such as
Egami, Formosa, Kobayashi, and Sano, based on their reported
sensitivity and specificity in relation to clinical parameters of the
risk of IVIG-resistant KD. This meta-analysis of 41 articles
including 21,389 patients with KD showed that the Formosa score
demonstrated the highest sensitivity in predicting IVIG resistance.
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The pooled sensitivity and specificity for the most commonly
reported predicting tools (Egami, Formosa, Kawasaki, and Sano
scores) ranged from 0.36 to 0.76 and from 0.46 to 0.83, respectively.

This bivariate network analysis faced some limitations. The
meta-analysis estimated high heterogeneity for the Formosa score.
The results of the Formosa score vary widely among different
studies, with particularly high sensitivity in a Taiwanese study
(AUC 0.84) and very low sensitivity in a Turkish study (Tables 1,
2) (12, 17, 34, 45, 46). Such a discrepancy implies that each region
needs its own score, especially where the prevalence is high. The
Formosa score has the potential to modify clinical practice and
improve health outcomes if identifying a specific population
improves the AUC. As the research on the Formosa score was
conducted in China and Turkey, we could not apply our findings
to other regions. The false-positive rate of the Formosa score was
relatively high, so unnecessary medical intervention due to low
specificity might occur. The Formosa score helped reduce
unnecessary medications for patients responsive to IVIG when the
score was negative.

Patients at high risk of IVIG resistance may receive adjunctive
treatment to reduce coronary lesions and thus also cardiovascular
morbidity. In the process of developing drugs, a good prediction
score is necessary, and the Formosa score provides a good option
of sensitivity to enroll more participants in trials since only 10%-
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TABLE 2 Meta-regression results for the diagnostic performance of the Formosa score for predicting IVIG resistance.

10.3389/fcvm.2023.1164530

Non-Asian 95% ClI Asian 95% Cl p-value
Number of studies 4 7
Sensitivity 0.48 0.30-0.67 0.65 0.53-0.78 0.16
Specificity 0.55 0.40-0.71 0.61 0.50-0.72 0.35
Non-Turkey 95% Cl Turkey 95% Cl p-value
Number of studies 8 3
Sensitivity 0.66 0.55-0.76 0.39 0.20-0.58 0.11
Specificity 0.59 0.49-0.70 0.59 0.41-0.76 0.65
Non-China Han 95% Cl China Han 95% Cl p-value
Number of studies 4 7
Sensitivity 0.48 0.30-0.67 0.65 0.53-0.78 0.44
Specificity 0.55 0.40-0.71 0.61 0.50-0.72 0.93
IVIG-resistant rate <medium 12.4 95% Cl IVIG-resistant rate >medium 12.4 95% Cl p-value
Number of studies 7 4
Sensitivity 0.64 0.51-0.77 0.53 0.35-0.71 0.75
Specificity 0.60 0.48-0.71 0.58 0.43-0.73 0.67
Studies involving four scores 95% Cl Studies not involving four scores 95% Cl p-value
Number of studies 5 6
Sensitivity 0.60 0.44-0.76 0.60 0.44-0.75 0.66
Specificity 0.53 0.40-0.66 0.64 0.53-0.75 0.80
KD diagnosis by Japanese criteria 95% Cl KD diagnosis by AHA 95% Cl p-value
Number of studies 3 8
Sensitivity 0.70 0.53-0.86 0.55 0.42-0.68 0.69
Specificity 0.57 0.40-0.74 0.60 0.49-0.70 0.52
AHA, American Heart Association; Cl, confidence interval.
Deeks' Funnel Plot Asymmetry Test
) pvalue = 0.73
|
OS5 ® Study
o Regression
® Line
9,
©®
A ®
—~~ e
n
(7]
L
=
S
=
- 0
15 —
®
2 T T T 1
1 10 100 1000
Diagnostic Odds Ratio
FIGURE 5
Deeks’ funnel plot identified potential publication bias of the eligible studies. ESS, effective sample size.
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FIGURE 6

Bar graph for overall risk of bias and clinical applicability evaluated by the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool.

TABLE 3 Results of network meta-analysis of four Asian scores.

By megqrlogit Four Asian 95% confidence p-value compared to Formosa score by melogit
command scores interval command
Sensitivity Egami 0.39 0.32 0.46 <0.01*
Formosa 0.76 0.70 0.82
Kobayashi 0.46 0.39 0.53 <0.01*
Sano 0.36 0.30 043 <0.01*
Specificity Egami 0.83 0.80 0.86 <0.01*
Formosa 0.46 0.41 0.51
Kobayashi 0.81 0.78 0.84 <0.01*
Sano 0.71 0.67 0.75 <0.01*
*p<0.05.

20% of KD patients have IVIG resistance. More research is needed to
analyze which group has a higher sensitivity and specificity of the
Formosa score. Since the verification of many ethnic groups found
that the Asian scoring systems were not applicable, many more
accurate scoring systems have been developed (31). However, these
prediction models showed unsatisfactory results when applied to
Chinese, French, Iranian, Portuguese, Thai, and other populations
(49, 51, 53, 55). Future network meta-analyses must also
incorporate the accuracy of the new scores after new scores have
undergone a certain degree of validation around the world.

5. Conclusion

Patients at high risk of IVIG resistance may receive adjunctive
treatment to reduce coronary lesions and thus also cardiovascular
morbidity. Among all of the included studies, we found that the
Formosa score had the best sensitivity (0.76) but unsatisfactory
specificity (0.46) for predicting IVIG resistance in Kawasaki
disease.
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