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Background: Kawasaki disease (KD) is an acute febrile illness and systemic vasculitis of unknown etiology 
that predominantly affects young children. The objective of this study was to investigate the correlation 
between myocardial and hepatic native T1 value and myocardial late gadolinium enhancement (LGE) in 
pediatric patients with KD.
Methods: In this cross-sectional retrospective study, 115 KD patients (50 in the acute phase, 65 in the 
chronic phase) and 40 age- and gender-matched controls underwent cardiac magnetic resonance (CMR) 
imaging with T1 mapping and LGE sequences. KD patients were subgrouped based on the myocardial 
LGE. Cardiac and hepatic T1 value as well as laboratory tests were also analyzed.
Results: Both cardiac and hepatic T1 value were significantly elevated in KD patients compared to 
controls, with the highest values noted in the acute phase (myocardial 1,393±70, 1,345±65, 1,303±62 ms; 
hepatic 813±25, 787±29, 758±38 ms; P=0.001, P=0.001, respectively). KD patients with myocardial LGE 
had significantly higher myocardial and hepatic T1 value in both the acute (1,442±66, 1,381±67 ms; 836±47, 
803±30 ms, P=0.048, P=0.013, respectively) and chronic phases (myocardial 1,393±91, 1,331±50 ms; hepatic 
811±39, 780±21 ms, P=0.012, P=0.001, respectively). Multivariate analysis demonstrated a significant 
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Introduction

Kawasaki disease (KD) is the most prevalent acquired heart 
disease among children in developed nations (1). It primarily 
affects medium-sized arteries and can be accompanied 
by coronary artery (CA) involvement (2). Our current 
understanding of myocardial injury in pediatric KD comes 
primarily from autopsy studies and endomyocardial biopsy 
(EMB) findings (3,4). Studies have revealed that during 
the acute phase, the myocardium shows inflammatory cell 
infiltration, interstitial fibrosis, and structural disarray. 
Similarly, liver examinations during this phase demonstrate 
inflammatory changes affecting portal areas, bile ducts, 
and sinusoids. The chronic stage typically shows marked 
hepatic steatosis with reduced inflammation (3,4). Although 
valuable, these post-mortem findings may not fully 
represent the dynamic nature of organ involvement in 
living patients. Liver dysfunction is commonly observed 
through abnormal liver panel tests in KD patients, yet a 
critical knowledge gap exists regarding the relationship 
between hepatic and cardiac manifestations. Cardiac 
magnetic resonance (CMR) imaging has introduced 2 key 
diagnostic tools: (I) late gadolinium enhancement (LGE), 
which involves imaging the heart at specific time points 
(typically 10–20 minutes after the injection of gadolinium 
contrast agent) to highlight areas of myocardial pathology. 
In LGE imaging, healthy myocardium typically appears as 
low signal, whereas damaged or fibrotic myocardial regions 
absorb the contrast agent and display high signal (5). The 
detection of LGE has significant clinical implications, as it 
linked with an increased risk of mortality, sudden cardiac 
death, and arrhythmias in various adult heart conditions, 
including ischemic and nonischemic cardiomyopathies, 

myocarditis, as well as stenosis (6-9). In KD patients, 
LGE in the myocardium indicates fibrotic remodeling, 
which along with microvascular dysfunction, leads to 
decreased myocardial function (10). (II) T1 mapping is an 
advanced magnetic resonance imaging (MRI) technique 
that measures tissue health. T1 mapping detects subtle 
myocardial changes unidentifiable through conventional 
imaging. Elevated T1 values indicate tissue damage, 
enabling early detection of cardiac involvement in KD, 
even when standard imaging appears normal (11). The 
heart and liver closely affect each other in 2 ways. The 
heart releases chemicals such as sPLA2 that influence liver 
metabolism and inflammation. Meanwhile, liver problems 
can harm heart function. When either organ becomes 
diseased, it can create a harmful cycle that makes both 
organs worse. This close connection means doctors need 
to consider both the heart and liver when treating patients 
(12-14). Recent advances have successfully extended T1 
mapping to evaluate liver tissue, offering insights into liver 
health without additional testing (15). Studies demonstrate 
that liver T1 mapping helps to assess heart failure severity 
and accurately reflects liver tissue scarring (16,17). 
Concurrently, research has validated the efficacy of hepatic 
T1 mapping in stratifying patients with idiopathic dilated 
cardiomyopathy into cohorts, with and without congestive 
heart failure (15). Given these advances in imaging 
technology and the current gaps in understanding KD’s 
multi-organ effects, our study aimed to comprehensively 
evaluate both cardiac and hepatic involvement in pediatric 
KD patients using CMR. Specifically, investigated how T1 
values in heart and liver tissue correlate with the presence 
of cardiac LGE, potentially providing new insights into the 

correlation between the disease phase, albumin, and hepatic T1 value in KD patients. The combined of 
myocardial and hepatic T1 value significantly enhances the diagnostic performance of myocardial LGE, 
increasing the area under the curve (AUC) from 0.773 to 0.881 (P=0.013).
Conclusions: Elevated myocardial and hepatic T1 values correlate with myocardial LGE in KD, 
highlighting systemic involvement. The integration of these T1 values enhances the non-invasive diagnosis 
of myocardial involvement in KD, demonstrating their utility in assessing disease severity and progression.
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relationship between cardiac and hepatic manifestations of 
this important childhood disease. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-24-791/rc).

Methods

Population

From September 2017 to February 2023, 115 patients 
diagnosed with KD were retrospectively enrolled at the 
West China Second Hospital of Sichuan University. The 
calculated sample size for this study was 112. This sample 
size was based on a 95% confidence level (α =0.05) and a 
90% statistical power (β =0.10) (Appendix 1). The patients 
were diagnosed with KD in accordance with the American 
Heart Association (AHA) guideline guidelines. All patients 
underwent CMR imaging as part of the study protocol. 
Patients with pre-existing cardiomyopathy, congenital heart 
disease, recurrent KD, or poor image quality were excluded 
from the analysis (Figure S1). Clinical data collected 
for each patient included height, weight, intravenous 
immunoglobulin (IVIG) treatment, and IVIG resistance. 
The disease course of KD patients was categorized into  
2 distinct phases: the acute phase, which extended from 
the onset of fever up to the 40th day, and the chronic 
phase, starting from the 41st day onwards (18). The day of 
initial fever onset was denoted as day 1. Accordingly, the 
patient cohort divided into 50 patients in the acute phase 
and 65 in the chronic phase. Additionally, 40 age- and 
gender-matched individuals initially suspected of having 
cardiovascular disease but subsequently confirmed to be 
normal served as controls. This study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee 
of Sichuan University (No. K2019058). Written informed 
consent was provided by each patient’s legal guardian 
before enrollment. We collected laboratory data including 
routine blood tests and biochemical markers, within 3 days 
of hospital admission (prior to initiating IVIG treatment, 
if administered). For variables with missing laboratory 
data (with a missing rate of 20–28%), multiple imputation 
was performed using the MICE package in R language (R 
Foundation for Statistical Computing, Vienna, Austria) with 
the classification and regression trees (CART) method to 
accurately estimate missing values and ensure the integrity 

of our analyses.

CMR imaging protocol

All CMR scans were performed using a clinical 3.0 T MR 
scanner (MAGNETOM Skyra; Siemens Healthineers, 
Erlangen, Germany) equipped with an 18-channel receiver 
coil. The CMR protocols encompassed cine imaging, 
native T1 mapping, as well as LGE sequences (19).  
Native T1 mapping was acquired using a modified Look-
Locker inversion recovery (MOLLI) sequence with 
motion correction across 3 short-axis planes (basal, mid, 
and apical) of the left ventricular (LV) myocardium. The 
MOLLI scanning parameters were set as follows: flip angle  
(FA) =35°, repetition time (TR) =3.90 ms, echo time  
(TE) =1.74 ms, slice thickness =6.0 mm, matrix =139×192, 
and field of view (FOV) =280×224 mm2. For heart rates 
between 60 and 80 bpm, the scanning model used was 
5(3)3; for heart rates of 80–120 bpm, the model was 5(5)3; 
and for heart rates exceeding 120 bpm, the model was 7(5)1. 
These protocols ensured adequate pulse recovery time for 
accurate T1 mapping (20). The diaphragmatic-navigated 
cardiac magnetic resonance angiography (CMRA) was 
performed using gradient echo sequence (21). LGE images 
were acquired 5–8 minutes following the intravenous 
administration of gadolinium (Gadovist, Bayer Healthcare, 
Berlin, Germany) at a dose of 0.15 mmol/kg. These images 
were acquired using a single-shot phase-sensitive inversion 
recovery (PSIR) sequence with optimized parameters: TE 
of 1.09 ms, TR of 2.55 ms, FA of 55°, slice thickness of  
6 mm, matrix size of 116×192, and FOV ranging from  
340–360 × 340–360 mm2.

CMR image analysis

CMR analysis was conducted by 2 experienced clinical 
physicians, S.P. and Z.Z., with 11 and 6 years of experience 
in CMR diagnosis, respectively, using commercially 
available software (cvi42; Circle Cardiovascular Imaging 
Inc., Calgary, Alberta, Canada). In accordance with current 
guidelines (20,22), LV functional parameters, including 
left ventricular ejection fraction (LVEF), end-diastolic 
volume index (EDVI), end-systolic volume index (ESVI), 
and left ventricular mass index (LVMI), were derived by 
defining the contours of endocardial and epicardial borders 
on short-axis cine images. After excluding segments 
influenced by artifacts, the global native T1 value for the 

https://qims.amegroups.com/article/view/10.21037/qims-24-791/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-791/rc
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entire LV myocardium was computed based on the mean 
of the remaining segments (Figure 1). The presence and 
pattern of LGE were visually assessed by an expert reader, 
L.W., with 11 years of experience in CMR diagnosis, 
according to the AHA 16-segment model. The number 
of affected segments was also noted. LGE was assessed in 
each myocardial segment as either negative or positive, 
independent of T1 analysis. A patient with LGE in at least 
one segment was considered to have cardiac involvement. 
Absence of enhancement indicated a KD patient without 
cardiac involvement. Hepatic T1 mapping was derived 
from a MOLLI sequence, which was performed on a 
cardiac short-axis slice, to acquire the T1 relaxation 
times of the liver. To obtain the T1 mapping, 3 regions 
of interest (ROIs) were drawn in different areas of the 
liver, including regions near the diaphragm, intermediate 
regions near the hepatic hilum, and the posterior and 
peripheral regions of the liver (16). The average of the 
3 ROIs was taken as the liver T1 value. We obtained 
the internal diameter and location of CA dilation from 
CMRA images. Subsequently, we incorporated variables 

such as CA dilation diameter, gender, height, and weight 
of KD patients into a lambda-mu-sigma derived model to 
calculate the coronary Z-score (23).

Reproducibility of T1 mapping

A total of 21 randomly selected cases from the enrolled 
patients underwent repeated measurements for intra-
observer variability, conducted by the same observer 
(S.P.) after a 3-week interval. Furthermore, inter-observer 
variability was evaluated by a second independent observer 
(Z.Z.), who was blinded to the participants’ information. 
Inter-observer variability for reproducibility was assessed 
using Bland-Altman analysis.

Statistical analysis

Statistical analyses were performed using the software 
SPSS 26.0 (IBM Corp., Armonk, NY, USA), GraphPad 
Prism 9 (GraphPad Software, San Diego, CA, USA), 
MedCalc v 15.6.1 (MedCalc Software, Ostend, Belgium), 

Figure 1 T1 mapping analysis. Upper ROI: cardiac native T1. The manually delineated white lines represent the ROIs between the 
endocardial and the epicardial myocardium. Lower ROIs: hepatic native T1. Three ROIs placed in the liver, avoiding visible blood vessels, 
bile ducts, and selecting healthy liver parenchyma outside of any lesions (lower panel). The left panel displays a color-coded T1 map, while 
the right panel shows the corresponding grayscale image. ROIs, regions of interest.
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and R studio (version 4.1.2, http://www.r-project.org/). For 
variables with missing data ranging between 20% and 35%, 
multiple imputation techniques were applied using the mice 
package in R, employing the classification and regression 
tree method to estimate missing values. The normality of 
continuous variables was assessed using the Kolmogorov-
Smirnov test, and the homogeneity of variances was assessed 
using the Levene test. Normally distributed continuous 
variables were reported as mean ± standard deviation (SD), 
and non-normally distributed variables were presented 
as median and interquartile range (IQR). Categorical 
data were presented as frequencies and percentages. The 
Kruskal-Wallis test was used to compare demographic data 
between KD patients and the healthy controls. One-way 
analysis of variance (ANOVA) was performed to compare 
the native T1 value and LV function among different 
groups and subgroups with post hoc analysis performed 
using the least significant difference test for the P value 
less than 0.05. Statistical analysis was performed using 
one-way ANOVA to evaluate overall differences among 
groups. When ANOVA indicated significance (P<0.05), 
the least-significant difference (LSD) test was used for 
post-hoc comparisons. Spearman’s rank correlation was 

used to evaluate the correlation between laboratory data 
and hepatic T1 value. Univariate and multivariate linear 
regression analyses explored factors influencing hepatic T1 
value, and we used a stepwise backward elimination method 
to select variables. Univariate and multivariate binary 
logistic regression analyses were used to investigate factors 
affecting the presence of myocardial LGE. We applied 
an R2-based optimal model selection approach, aiming 
to identify the model that maximized explanatory power 
while avoiding overfitting. Receiver operating characteristic 
(ROC) curves were generated to form 4 models based on 
different inclusion factors, with ROC curve performance 
assessed using the Delong test. The intraclass correlation 
coefficient (ICC) was used to assess the consistency of 
native T1 value between and within observers. Statistical 
significance was considered for all tests when 2-tailed P 
values were less than 0.05.

Results

Participants baseline characteristics

The baseline characteristics of the participants are 

Table 1 Baseline characteristics of normal controls and KD patients

Characteristics Controls (n=40) KD (acute phase) (n=50) KD (chronic phase) (n=65) P value

Baseline characteristics

Age at CMR (years) 4.71±2.29 4.96±3.04 5.66±2.37 0.083

Age at onset (years) N/A 4.59±2.84 4.38±2.36 0.618

Male 29 (72.5) 32 (64.0) 40 (61.5) 0.561

BSA (m2) 0.77±0.22 0.82±0.27 0.79±0.20 0.884

IVIG treatment N/A 44 (88.0) 57 (87.7) 0.960

IVIG resistant N/A 14 (28.0) 23 (35.4) 0.401

HR (beats/min) 92.40±13.39 94.28±17.08 94.14±16.72 0.828

LV function

LVEF (%) 59.38±9.21 58.80±7.33 59.00±10.40 0.728

LVEDVI (mL/m2) 55.6 (44.60–74.68) 54.2 (32.14–79.81)† 69.7 (58.54–98.12)‡ 0.001

LVESVI (mL/m2) 23.51 (18.04–29.82) 23.83 (14.18–29.96)† 38.46 (21.1–30.7)‡ 0.001

Values are n (%) for categorical variables, median (interquartile range) for continuous variables, or mean ± standard deviation. Statistical 
analysis was performed using one-way analysis of variance for normally distributed variables. Kruskal-Wallis test for non-normally 
distributed variables († and ‡). A P value <0.05 was considered statistically significant. †, P<0.05 when compared with KD in acute phase; 
‡, P<0.05 when compared with controls. KD, Kawasaki disease; CMR, cardiac magnetic resonance; N/A, not available; BSA, body surface 
area; IVIG, intravenous immunoglobulin; HR, heart rate; LV, left ventricle; LVEF, LV ejection fraction; LVESVI, LV end-systolic volume index; 
LVEDVI, LV end-diastolic volume index.

http://www.r-project.org/


Quantitative Imaging in Medicine and Surgery, Vol 15, No 3 March 2025 1995

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(3):1990-2002 | https://dx.doi.org/10.21037/qims-24-791

summarized in Table 1. The study included 40 normal 
controls, comprising 29 males with an average age of 
4.71±2.29 years. Among KD patients, 50 were in the acute 
phase (32 males, average age 4.96±3.04 years) and 65 were 
in the chronic phase (40 males, average age 5.66±2.37 years).  
No significant differences were found between normal 
controls and KD patients in terms of age at CMR, age at 
onset, sex, body surface area (BSA), heart rate, or LVEF across 
both acute and chronic phases. KD patients in the acute 
phase exhibited higher left ventricular end-systolic volume 
index (LVESVI) and left ventricular end-diastolic volume 
index (LVEDVI) compared to those in the chronic phase 
(LVEDVI 69.7, 54.2 mL/m2; LVESVI 38.5, 23.8 mL/m2,  
all P<0.05) (Figures S2-S4). The percentages of IVIG 
treatment and IVIG resistance showed no significant 
differences between the acute and chronic phases. Patients 
were also categorized into positive (n=24) and negative 

(n=91) subgroups based on the presence or absence of LGE 
in contrast-enhanced CMR.

Dilated CA and LGE patterns

In the acute phase, a total of 50 KD patients were studied, 
of whom 10 patients presented with LGE-positive findings. 
The right coronary artery (RCA) was affected in 4 patients, 
the left main coronary artery (LM) in 2 patients, the left 
anterior descending artery (LAD) in 3 patients, and the 
left circumflex artery (LCX) in 3 patients. The affected CA 
territories matched the LGE-positive regions in 2 patients 
(20%). In the chronic phase, a total of 65 KD patients 
were studied, among whom 14 patients exhibited LGE-
positive findings. The RCA was affected in 12 patients, the 
LM in 8 patients, the LAD in 10 patients, and the LCX in  
4 patients. The affected CA territories corresponded to the 
LGE-positive regions in 11 patients (78.57%) (Table S1 and 
Figure S5).

Comparison of myocardial and hepatic T1 value in 
different phases 

Myocardial T1 value was highest in acute phase KD 
patients, followed by those in the chronic phase, and 
was lowest  in the control  group (1,393.05±70.67 
vs. 1,344.55±65.42  vs. 1,303.33±61.83 ms, P<0.01)  
(Table 2). A similar pattern was observed for hepatic T1 
value (812.92±25.14 vs. 786.82±28.61 vs. 758.37±38.29 ms,  
P<0.01)  (Figure  2) .  Within the myocardia l  LGE 
subgroups ,  acute  phase  KD pat ients  wi th  LGE + 
demonstrated higher T1 value compared to those 
with LGE− (1,441.88±66.46 vs. 1,380.84±67.02 ms, 
P<0.01), and this trend continued in the chronic phase 
(1,392.51±90.74 vs. 1,331.39±50.16 ms, P<0.01) (Figure 3).  
Similarly, hepatic T1 value was significantly higher in 
LGE+ patients during both the acute (835.99±47.29 

Table 2 Myocardial and hepatic T1 value in KD patients at different disease phases

Native T1 Controls
KD (acute phase) KD (chronic phase)

All (n=50) LGE+ (n=10) LGE− (n=40) All (n=65) LGE+ (n=14) LGE− (n=51)

Myocardial (ms) 1,303.33±61.83 1,393.05±70.67† 1,441.88±66.46†‡ 1,380.84±67.02† 1,344.55±65.42†‡ 1,392.51±90.74†‡ 1,331.39±50.16†

Hepatic (ms) 758.37±38.29 812.92±25.14† 835.99±47.29†‡ 803.24±29.95† 786.82±28.61†‡ 811.21±38.97†‡ 780.12±20.98†

Data are presented as mean ± standard deviation. Statistical analysis was performed using one-way analysis of variance for normally distributed 

variables († and ‡). A P value <0.05 was considered statistically significant. †, P<0.05 when compared with controls; ‡, P<0.05 when compared with KD 

in acute phase. KD, Kawasaki disease; LGE, late gadolinium enhancement.

Figure 2 Myocardial and hepatic T1 value among controls and 
patients with different courses of KD. *, significant difference 
between any 2 groups. KD, Kawasaki disease.
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vs.  803.24±29.95 ms, P<0.01) and chronic phases 
(811.21±38.97 vs. 780.12±20.98 ms, P<0.01). Bivariate 
correlation analysis revealed a positive correlation between 
myocardial and hepatic T1 value (r=0.249, P=0.007).

Univariate and multiple linear regression analysis for 
determinants of hepatic T1 value with KD patients 

Laboratory parameters, including white blood cell (WBC) 
count, neutrophil (NEUT) count, C-reactive protein 
(CRP), albumin (ALB), lymphocyte count (LYM), alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), and total bilirubin (TBIL), exhibited significant 

correlations with hepatic native T1 value in the acute 
phase (r=0.328, r=0.342, r=0.485, r=−0.318, r=−0.320, 
r=−0.505, r=−0.320, and r=−0.358, respectively; all P<0.05)  
(Figure 4). Multiple linear regression analysis, adjusted for 
clinical characteristics and laboratory parameters, revealed 
that CRP was independently correlated with hepatic native 
T1 value during the acute phase (β =0.485, P=0.015, model 
R2=0.236). There was a significant correlation observed 
between LYM (β =−0.320, P=0.023) and ALB (β =−0.318, 
P=0.025) levels with hepatic native T1 value in the chronic 
phase. Nevertheless, the multiple linear regression model 
did not demonstrate statistically significant associations in 
the chronic phase. After adjusting for clinical characteristics 
(age, LVEF, Z-score, and disease phase) and laboratory 
parameters (ALB and LYM), multivariate analysis 
demonstrated a significant correlation between disease 
phase and ALB with hepatic T1 value in both phases (disease 
phase: β =−0.403, P=0.001; ALB: β =−0.218, P=0.010; model 
R2=0.221) (Table 3).

Univariable and multivariable logistic regression analysis 
for myocardial LGE in KD patients

Four models are depicted in Table 4 and Figure 5, each 
incorporating different sets of variables to predict 
myocardial LGE. Model 1, including Z-score and sodium 
levels (Na+), showed an area under the curve (AUC) of 0.773. 
The addition of LVEF in Model 2 [Z-score + Na+ + LVEF] 

Figure 3 Myocardial and hepatic T1 value between patients with 
LGE+ and LGE− in different courses of KD. *, P<0.05; **, P<0.01. 
LGE, late gadolinium enhancement; KD, Kawasaki disease.
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Table 3 Univariable and multivariable linear regression analysis of hepatic native T1 value in all KD patients (n=115)

Variables
Univariable Multivariable

Adjusted R2

r P value β P value

Disease phase −0.433 0.001 −0.403 0.001 0.221

ALB −0.298 0.003 −0.218 0.010

Age 0.418 0.001 – –

LYM −0.336 0.001 – –

Z-score −0.045 0.630 – –

LVEF −0.174 0.063 – –

KD, Kawasaki disease; ALB, albumin; LYM, lymphocyte count; LVEF, left ventricular ejection fraction.

Table 4 Univariable and multivariable logistic regression analysis for myocardial LGE in KD patients

Variable
Model 1 Model 2 Model 3 Model 4

OR (95% CI) P value R2 OR (95% CI) P value R2 OR (95% CI) P value R2 OR (95% CI) P value R2

Z-score 1.20  

(1.08–1.32)

0.001 0.250 1.18  

(1.05–1.32)

0.005 0.358 1.18  

(1.05–1.34)

0.006 0.431 1.23  

(1.08–1.40)

0.002 0.521

Na+ 0.85  

(0.73–0.96)

0.010 0.80  

(0.69–0.93)

0.003 0.80  

(0.68–0.93)

0.003 0.84  

(0.72–1.00)

0.037

LVEF – – 0.91  

(0.85–0.98)

0.007 0.93  

(0.86–1.00)

0.039 0.93  

(0.87–1.00)

0.048

Myocardial  

T1 map

– – – – 1.01  

(1.00–1.02)

0.010 1.01  

(1.00–1.02)

0.034

Hepatic  

T1 map

– – – – – – 1.04  

(1.01–1.06)

0.005

Model 1: include Z-score and Na+. Model 2: Model 1 + LVEF. Model 3: Model 2 + myocardial T1 map. Model 4: Model 3 + hepatic T1 map. LGE, late 

gadolinium enhancement; KD, Kawasaki disease; CI, confidence interval; Na+, sodium; LVEF, left ventricular ejection fraction; OR, odds ratio.

improved the AUC to 0.800. Model 3, which included 
Z-score, Na+, LVEF, and myocardial T1 value, achieved 
a higher AUC of 0.851. Notably, Model 4, which also 
incorporated hepatic T1 value, demonstrated the highest 
AUC of 0.881. Significant improvements in AUC were 
observed for Model 3 and Model 4 compared to Model 
1 (P=0.05 and P=0.01, respectively), with Model 4 also 
showing a significant enhancement over Model 2 (P=0.03). 
Although no statistical significance was observed between 
Models 1 and 2, Models 2 and 3, or Models 3 and 4, all 
models demonstrated increasing AUC values.

Intra- and inter-observer variability analysis 

The intra- and inter-observer reliability of the measurement 
of the myocardial and hepatic T1 value showed good 
reproducibility, with the ICC ranging from 0.893 to 0.910 

for myocardial T1 values and from 0.783 to 0.841 for 
hepatic T1 value in KD patients. Bland-Altman analysis 
revealed inter-observer agreement with mean bias of 
−1.79 ms (95% limits of agreement: −26.18 to 22.58 ms) 
for hepatic T1 mapping and −11.84 ms (95% limits of 
agreement: −72.17 to 48.49 ms) for cardiac T1 mapping 
(Figure S6).

Discussion

In KD patients, both cardiac and hepatic native T1 value 
were consistently elevated, suggesting a systemic response to 
inflammation. A positive correlation was observed between 
elevated hepatic and myocardial T1 value. CRP was an 
independent predictor of hepatic T1 value in the acute 
phase, whereas the disease phase and ALB correlated with 
hepatic T1 value across both phases. The LGE+ subgroup 

https://cdn.amegroups.cn/static/public/QIMS-24-791-Supplementary.pdf
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in each phase exhibited higher value compared to the LGE− 
subgroup. Logistic regression modeling indicated that a 
combined cardiac and hepatic T1 value could improve the 
diagnostic accuracy for myocardial LGE. These findings 
emphasize the intricate interplay between the systemic 
inflammatory response and myocardial and hepatic changes 
in KD, establishing a foundation for nuanced discussions on 
pathophysiology and potential therapeutic targets. 

KD is recognized as a systemic disorder that primarily 
affects the cardiovascular system and mucocutaneous 
tissues; however, its hepatic implications are increasingly 
recognized (24). The elevated T1 value observed in both 
cardiac and hepatic issues during the acute phase of KD 
reflects the inflammatory milieu in our study, concurring 
with histopathological reports of cellular infiltration in these 
tissues (18,25). The distinct elevation of T1 value in acute 
KD (within 41 days) likely reflects an ongoing inflammatory 
response, corresponding to the histological evidence of 
inflammatory cell infiltration within myocardial tissues. At 
this early stage, these changes primarily represent active 
inflammation rather than established tissue remodeling—
a phenomenon that subsides as the disease transitions to 
the chronic phase (26). Hepatic T1 alterations, particularly 
acute-phase elevations in our study, parallel autopsy findings 
where inflammation is histologically discerned in the portal 

tracts, bile ducts, and sinusoids, marked by lymphocytes 
and polymorphonuclear leukocytes as well as edematous 
changes. Although inflammation recedes in chronic KD, 
the persistence of elevated hepatic T1 value indicates a 
sustained, albeit attenuated, inflammatory process. This 
ongoing hepatic involvement, albeit milder, may have 
clinical implications and warrants further investigation 
into its pathophysiology and potential impact on KD 
management (3,4). It is important to note that at day 41, 
the elevated hepatic T1 values may still reflect ongoing 
inflammatory processes rather than established tissue 
changes. Longer-term follow-up studies would be needed 
to fully understand the evolution of these changes.

In recent years, the clinical application of native T1 value 
has become increasingly prevalent for liver assessment. 
Recent studies have demonstrated the potential utility of 
“native T1 value” as a diagnostic tool for liver fibrosis and as 
a predictor of clinical outcomes in patients with chronic liver 
diseases (27-29). For instance, de Lange et al. demonstrated 
that the assessment of native T1 value serves as a valuable 
tool for evaluating hepatic fibrosis and congestion in 
pediatric Fontan patients (16), whereas other research 
has confirmed its effectiveness in evaluating congestive 
hepatopathy in a broader patient population (30). Advances 
in CMR technology have facilitated the simultaneous 
quantification of myocardial and hepatic T1 value, 
enhancing the diagnosis of systemic diseases (31). Our 
results show that CRP, a marker synthesized by the liver 
with potential anti-inflammatory properties, serves as an 
independent predictor of hepatic T1 value during the acute 
phase (27). This suggests that elevated CRP levels, reflective 
of acute inflammation, may therefore impact upon hepatic 
T1 metrics, offering a non-invasive proxy for inflammatory 
status in KD (28,29). Our findings also demonstrated a 
consistent correlation between ALB level and hepatic T1 
value across the disease continuum, affirming the protein’s 
potential as a biomarker for hepatic integrity. Given 
the established relationship between serum ALB, IVIG 
resistance, and the development of CA lesions in KD (32,33), 
our analysis suggests ALB may serve as an indicator of 
systemic inflammation and hepatic histological alterations. 
Our findings advance the discourse on KD, postulating 
that the heightened inflammatory milieu in acute KD is 
palpable through elevated hepatic T1 value, with ALB levels 
serving as a concurrent gauge of this systemic response. 
As KD matures into its chronic phase, the decrement in 
inflammatory cell infiltration is mirrored by a reduction in 
T1 value, aligning with reported trends in hepatic function 

Figure 5 Comparison of ROC curves for different models. Model 
1: Z-score + Na(+). Model 2: Z-score + Na(+) + LVEF. Model 3: 
Z-score + Na(+) + LVEF + myocardial T1. Model 4: Z-score + 
Na(+) + LVEF + myocardial T1 + hepatic T1. AUC, area under 
the curve; ROC, receiver operating characteristic; LVEF, left 
ventricular ejection fraction.
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markers.
LGE plays a significant role in the diagnosis and 

prognosis of nonischemic cardiomyopathy and myocarditis 
(34,35). In our study, we investigated the relationship 
between myocardial and hepatic T1 value and LGE 
in KD patients, adjusting for clinical features and 
laboratory markers. Our analysis revealed a significant and 
independent association between Z-score and Na+ levels 
with myocardial LGE. The Z-score serves as an indicator of 
CA dilation, which, when prolonged, can result in impaired 
microcirculation, myocardial ischemia, and subsequent 
fibrosis (36,37). Previous studies have provided evidence 
supporting the relationship between sodium levels and 
vascular injury (38,39). Notably, hyponatremia, a common 
condition in KD patients, may promote endothelial damage 
and myocardial ischemia, potentially leading to LGE 
(40,41). Adding LVEF improved diagnostic accuracy, as 
it consistently correlates with LGE in myocarditis and 
dilated cardiomyopathy (42,43). Incorporating myocardial 
and hepatic T1 value further enhanced diagnostic 
performance, as elevated myocardial native T1 value 
are associated with myocardial LGE due to increased 
extracellular space (44-46). Given that KD primarily affects 
small- and medium-sized blood vessels throughout the 
body, individuals with more severe myocardial inflammation 
may also demonstrate liver inflammation or fibrosis. 
Histopathological analyses of endomyocardial biopsies 
and autopsies conducted on patients with chronic KD 
consistently demonstrate widespread fibrotic alterations and 
long-lasting myocardial inflammation (47,48). Although 
histopathological analyses have shown various myocardial 
changes in KD patients, it is important to note that in 
our cohort, the LGE findings at this early time point  
(41 days) likely represent active inflammation rather than 
established fibrosis. The correlation between T1 values and 
LGE is likely due to their shared underlying inflammatory 
mechanism rather than permanent tissue alterations. 
Combining MR histological information (myocardial and 
hepatic T1 value) significantly improved the diagnosis 
of myocardial LGE, offering a non-contrast method for 
assessing myocardial injury. Overall, the combination of 
myocardial and hepatic tissue analysis greatly enhances the 
accuracy of diagnosing myocardial LGE in KD.

Limitations

Several important limitations should be considered when 
interpreting our results. Firstly, this study employed a cross-

sectional design to measure the T1 value in KD patients 
across both acute and chronic phases separately. However, 
due to the limited number of patients undergoing regular 
follow-up, it is crucial to investigate longitudinal changes 
in T1 value within the same patient from the acute phase 
to the chronic phase. Secondly, this research was conducted 
at a single center, using equipment from a single vendor 
and at a single magnetic field strength, which may limit the 
generalizability of the findings. The observed incidence 
of CA sequelae and resistance to IVIG was higher than 
the rates described in the AHA guideline, suggesting the 
need for multicenter studies to validate and strengthen our 
result. Thirdly, we performed imputation for the missing 
laboratory data, and although we employed imputation 
methods that maintained consistency before and after 
imputation, prospective and comprehensive data collection 
is necessary to provide a more comprehensive reflection 
of patients’ laboratory profiles. The absence of cardiac 
enzyme data limits our ability to correlate T1 values with 
conventional biomarkers of myocardial injury. Additionally, 
a comprehensive multimodal assessment incorporating 
echocardiography and electrocardiography could provide 
more insights into the relationship between tissue 
characteristics and cardiac function. Future prospective 
studies should aim to integrate multiple diagnostic 
approaches, including cardiac biomarkers, various imaging 
modalities, and longitudinal follow-up, to better understand 
the complex pathophysiology of KD and its impact on 
multiple organ systems. Moreover, neither myocardial nor 
hepatic biopsy was performed to definitively confirm the 
presence of myocardial and hepatic injury in KD patients; 
further investigation is necessary to determine the clinical 
significance of elevated T1 value in KD patients. Future 
studies could benefit from integrating artificial intelligence 
technologies for automated image analysis to improve 
reproducibility and standardization, although our current 
methodology using experienced clinician interpretation and 
standardized protocols has demonstrated reliable results in 
evaluating cardiac and hepatic involvement in KD.

Conclusions

Our study demonstrates significant insights into the 
systemic manifestations of KD through comprehensive T1 
mapping evaluation. The concurrent elevation of cardiac 
and hepatic T1 values, along with their positive correlation, 
provides strong evidence for multi-organ involvement 
in KD. The identification of CRP as an independent 
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predictor of hepatic T1 value in the acute phase, together 
with the associations between disease phase, ALB levels, 
and hepatic T1 value, enhances our understanding of 
disease progression. Most importantly, the integration of 
cardiac and hepatic T1 mapping offers several potential 
clinical applications: (I) improved diagnostic accuracy 
for myocardial involvement when combined with LGE 
assessment; (II) non-invasive evaluation of systemic 
inflammation; and (III) potential early recognition of organ 
involvement. These findings support the implementation 
of a comprehensive imaging approach in KD management, 
which may facilitate more accurate risk stratification and 
tailored therapeutic strategies.
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