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INTRODUCTION

Hepatitis B virus (HBV) infection is a worldwide health problem 
that affects >350 million HBV carriers that causes >600,000 
deaths annually due to associated liver disease.1 The liver disease 
in HBV infection is related to the immunologic response severity 
of the host toward the viral agent.2 Additionally, renal parenchymal 
disease can be seen during the infection course.3 Triggered apoptotic 
injury toward the renal tubular cells by cytokines, viruses, and 
antigens may be responsible for renal injury and parenchymal 
disease in chronic HBV infection.4-6 Therefore, revealing whether 
the kidneys are primarily or secondary affected by HBV infection 
is important since it will determine the treatment and the kidney 
disease prognosis. Parenchymal kidney disease is often subclinical 

and clinical biomarkers, such as estimated glomerular filtration rate 
(eGFR) and albuminuria, tend to be worsened in later disease period.

The exact diagnosis of the renal disease consists of antigen-antibody 
complex detection in biopsy samples via immunofluorescence 
microscopy.7 Unfortunately, histopathological sampling may 
not be applicable because of the difficulties (small sample error 
and technique difficulties) and complications (bleeding, gross 
hematuria, perinephric hematoma, and arteriovenous fistulas).8 

These disadvantages of this gold-standard diagnostic test prevent its 
widespread use in daily practice and its acceptance as a screening 
test. Additionally, patients with normal kidney function tests cannot 
be a candidate for renal biopsy. Therefore, developing a non-
invasive diagnostic test to assess the injury (acute vs. chronic), 
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Background: Renal parenchymal changes are seen in chronic hepatitis 
B virus (HBV) infection, and its disease diagnosis should be confirmed 
by renal biopsy, which is an invasive technique. Apparent-T1 mapping 
magnetic resonance imaging (MRI) is an established imaging technique 
that assesses subclinical tissue injury without using a contrast agent.
Aims: To investigate the early stage subclinical renal changes without 
apparent renal dysfunction in patients with chronic HBV infection by 
renal apparent-T1 mapping MRI.
Study Design: A cross-sectional study.
Methods: This study included 45 participants with normal kidney 
function, wherein 25 have biopsy-proven chronic HBV hepatitis and 
20 are healthy individuals. Liver and kidney biochemical tests were 
performed within 1 month before the MRI scan, and the estimated 
glomerular filtration rate was calculated by diet modification in renal 

disease formula. Breath-hold, electrocardiogram-gated Modified 
Look-Locker Imaging sequence was acquired in the coronal plane 
without contrast agent administration. Apparent-T1 mapping value 
was measured by manually drawing a region of interest in six points 
for both kidneys by two observers. Apparent-T1 mapping values were 
compared between the two groups.
Results: The mean apparent-T1 mapping values of the kidneys were 
significantly higher in patients with chronic HBV infection compared 
to the control group (1445 ± 129 ms vs. 1306 ± 115 ms, P = 0.003). 
Inter-class correlation coefficient measurement analysis showed 
excellent agreement.
Conclusion: Renal apparent-T1 mapping MRI may help show the 
early stage of renal parenchymal disease without apparent renal 
dysfunction in chronic HBV infection.
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fibrosis, and kidney inflammation without using a contrast agent 
or tissue sampling is essential. Recent applications of renal T1 
mapping magnetic resonance imaging (MRI) for non-invasive 
tissue assessment without contrast media is a promising option for 
predicting acute and chronic parenchymal renal disease.9-15

This study aimed to investigate the subclinical renal parenchymal 
injuries without apparent renal dysfunction in patients with chronic 
HBV infection using renal apparent-T1 mapping MRI.

MATERIALS AND METHODS

This cross-sectional study was approved by the Institutional 
Review Board and written informed consent was obtained.

Patient Selection

This study included 25 patients with histopathologically proven 
non-cirrhotic chronic HBV hepatitis and 20 healthy subjects 
without apparent kidney disease. Liver and kidney function tests 
(serum blood urea nitrogen [BUN], creatinine, sodium [Na], 
potassium [K], albumin, white blood cell [WBC], hemoglobin 
[Hgb], alanine transaminase [ALT], aspartate transaminase [AST], 
gamma-glutamyl transferase [GGT], and C-reactive protein [CRP] 
levels) and serum hepatitis B surface antigen (Hbs Ag) levels were 
revealed from the hospital information system. For each participant, 
eGFR was calculated by the Modification of Diet in Renal Disease 
formula. Abdominal ultrasound was performed within 1 month 
before the MRI scan. Participants with a history of cardiovascular 
disease, diabetes mellitus, hypertension, hyperlipidemia, 
autoimmune diseases (i.e., Buerger’s disease, Behcet’s syndrome, 
Takayasu’s arteritis, systemic lupus, autoimmune arthritis, and 
scleroderma), chronic or acute renal dysfunction (including 
proteinuria, elevated kidney function test parameters, and chronic 
parenchymal changes) were excluded from the study. Patients who 
had liver tissue sampling revealed within 1 year before the MRI 
scan were included in the study. Patients who were diagnosed 
within the last year were excluded. Participants who had antiviral 

medication in the previous 6 months and decreased hemoglobin 
levels were also excluded from the study since decreased 
hemoglobin levels may cause apparent-T1 value elongation and 
HBV antiviral treatment may also cause renal dysfunction.16,17 MRI 
studies with severe artifacts were also excluded.

Magnetic Resonance Imaging

All MRIs were performed with a 1.5 Tesla magnet field scanner 
(Signa 450W; GE Medical Systems, Milwaukee, WI, USA) 
using a 32-channel phased-array surface coil. Breath-hold, 
electrocardiogram-gated Modified Look-Locker Imaging (MOLLI) 
sequence was acquired in the coronal axis of both kidneys. The 
MOLLI sequence is inversion-based, which takes 3 slices at 7 
different saturation times and 11 heartbeat durations. Typical 
parameters of MOLLI sequence are as follows: TR/TE of 2.8/1.2 
ms, slice thickness/spacing of 8.0/5.0 mm, first inversion time (TI) 
of 200 ms, TI increment of 80 ms, a field of view of 380 × 300 mm, 
acquisition matrix of 160 × 128, flip angle of 65°, and bandwidth 
of 125 kHz. Coronal T2 weighted images were also revealed to 
differentiate the cortex and the medulla. Typical parameters are 
as follows: TR/TE of 3/1 ms, slice thickness/spacing of 6/2 mm, 
a field of view of 350 mm, acquisition matrix of 224 × 224, flip 
angle of 60°, and bandwidth of 111 kHz. The total scanning time 
was between 10 to 15 min and no contrast agent was injected during 
the scanning.

Images taken with MOLLI sequences were automatically 
processed in the MRI device and T1 maps were produced 
with automatic software loaded on the device side. The renal 
apparent-T1 mapping value was automatically measured for each 
kidney on a workstation (Advantage Workstation, GE Healthcare, 
Milwaukee, WI, USA) and is recorded. The region of interest 
(ROI) was manually placed in six different regions (upper, middle, 
and lower poles for each kidney in the renal cortex and medulla) 
by two observers who were blinded to patients’ data on coronal 
images (Figure 1). Perirenal abdominal fat tissue and renal sinus 

FIG 1. Coronal T1 mapping image demonstrates renal medulla (right kidney) and renal cortex (left kidney) in upper, middle, and lower poles (a). The 
ROI is located in the renal medulla (right kidney) and renal cortex (left kidney) in the upper, middle, and lower poles (b). T2-weighted image in coronal 
plane shows the renal cortex and medulla of both kidneys (c).
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fat were not included in ROI measurements to avoid partial 
volume averaging artifacts.

Statistics

Obtained data were analyzed using the Statistical Package for 
the Social Sciences version 20.0 software (IBM Corporation, 
Armonk, NY, USA). The mean values of two observers’ 
measurements were used to compare apparent-T1 values. Results 
were expressed as the mean ± standard deviation and considered 
significant if P < 0.05. The mean and standard deviation values 
were used for the presentation of descriptive values. The Shapiro–
Wilk normality test was applied to evaluate the normality of the 
obtained data. The Student’s T-test was used to compare the 
apparent-T1 mapping values and other variables between groups 
and the dependent T-test within groups. The analysis of variance 
was performed to assess the correlation between different 
ROIs of the renal cortex and medulla. Pearson’s correlation 
coefficient was performed to evaluate the correlation between 
apparent-T1 mapping values and serum biochemistry parameters. 
Reproducibility and agreement were evaluated with inter-class 
correlation (ICC) coefficients. ICC coefficient of >0.8 indicates 
excellent agreement, 0.8–0.6 indicates substantial agreement, 
0.6–0.4 indicates moderate agreement, and <0.4 indicates poor 
agreement.18

RESULTS

The mean age of 25 patients with non-cirrhotic chronic HBV 
hepatitis (12 females and 13 males) was 47.64 ± 16.41 (20–
65) years, whereas 35.84 ± 11.96 (23–69) years in 20 healthy 
individuals (9 females and 11 males) (P = 0.281). No statistically 
significant difference was found between the chronic HBV 
hepatitis and control groups in terms of mean GFR, serum 
creatinine, serum BUN, Na, K, albumin, WBC, and Hgb levels 

(p-values were 0.551; 0.971; 0.888; 0.733; 0.608; 0.788; 0.957, 
and 0.805, respectively). A significant difference was found 
between the two groups in the mean serum ALT, AST, GGT, 
and CRP levels (p-values were 0.001, 0.047, 0.044, and 0.0001, 
respectively). The mean Hbs Ag level was 4984 ± 1017 (IU/
mL) in the patient group. The demographic data and laboratory 
findings are shown in Table 1.

The mean apparent T1 values of the renal cortex, medulla, and 
entire kidney were 1578.56 ± 112.63 ms, 1253.79 ± 116.45 ms, 
and 1416.17 ± 100.73 ms, respectively, in the patient group, 
whereas that of the control group were 1455.93 ± 102.59 ms, 
1133.56 ± 80.06ms, and 1294.75 ± 82.33ms, respectively. The 
mean value of the cortex was significantly higher than the 
medulla in the patient and control groups (P = 0.0001 and P = 
0.0001, respectively). The mean apparent-T1 mapping values of 
the renal cortex, medulla, and entire kidney were significantly 
higher in the patient group compared to the control group 
(P = 0.0004; P = 0.0002; P = 0.0001, respectively) (Table 2, 
Figure 2). No significant differences were found between the 
differences of T1 mapping values using three different ROIs in 
patients with chronic HBV hepatitis (Table 3). Measurements of 
the renal cortex and medulla of both groups are shown in Table 
S1 and S2. No significant correlation was found between serum 
liver and kidney function parameters, GFR, and T1 mapping 
value in the patient group (Table 4). The ICC analysis of two 
observers revealed an excellent agreement in the measurements 
of apparent-T1 mapping of the kidneys (1431 ± 138 ms vs. 1406 
± 81 ms, ICC = 0.831, 95 % confidence interval = 0.583–0.931, 
P = 0.001).

DISCUSSION

Technological improvements of MRI sequences monitored the 
physiological changes and renal parenchymal diseases, such 

TABLE 1. Demographic Information and Biochemical Parameters of Patient and Control Groups.

Characteristic
Chronic HBV Group

(n = 25)
Control Group

(n = 20) P-value 

Age (year) 47.64 ± 16.41 (20–65) 35.84 ± 11.96 (23–69) 0.281

Serum Creatinine (μmol/L) 0.79 ± 0.11 0.79 ± 0.1 0.971

BUN (mg/dL) 20.12 ± 6.15 19.84 ± 6.78 0.888

Na (mmol/L) 139.56 ± 1.89 139.37 ± 1.73 0.733

K (mEq/L) 4.34 ± 0.21 4.37 ± 0.21 0.608

ALT (U/L) 61.2 ± 37.66 19.32 ± 8.59 0.0001*

AST (U/L) 34.36 ± 28.56 20.74 ± 1.34 0.047*

GGT (U/L) 31.12 ± 23.5 19.52 ± 7.05 0.044*

CRP (mg/L) 0.42 ± 0.2 0.23 ± 0.07 0.0001 *

Albumin (g/dL) 3.95 ± 0.72 3.89 ± 0.81 0.788

WBC (x109/L) 6.73 ± 0.14 6.69 ± 1.71 0.957

HbG (g/dL) 13.57 ± 1.69 13.68 ± 1.89 0.805

eGFR (mL/min/1.73 m²) 111.86 ± 18.43 114.83 ± 10.79 0.551
Results are presented as mean ± SD. P: P-value of independent samples Student’s t-tests. P* value is significant if <0.05.
BUN: blood urea nitrogen; ALT: alanine transaminase; AST: aspartate transaminase; GGT: Gamma-glutamyl transferase; CRP: C-reactive protein; WBC: white blood cell; HbG: 
hemoglobin, Na: sodium, K: potassium, eGFR: estimated glomerular filtration rate.
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as fibrosis and edema.19-25 The usefulness of the T1 mapping 
technique in renal imaging and the specific T1 mapping values for 
primary and secondary renal diseases have been published in recent 
years.9,11,13,15,26-29 Renal cortical and medullar T1 mapping values 
can be used as a diagnostic, monitoring, and pharmacodynamic/
response biomarker to assess the course of renal parenchymal 
diseases without using a contrast agent.30 However, to our 
knowledge, no study has been presented in the English medical 
literature that investigated the renal T1 mapping values of patients 
with non-cirrhotic chronic HBV infection that may imply early 
stage renal injury. As a widely accepted imaging technique in 
cardiac imaging, apparent-T1 mapping MRI without contrast agent 
is commonly used to assess edema, infarction, amyloid infiltration, 
and fibrosis.31 However, clinical application of T1 mapping in renal 
imaging is limited and no study has assessed the renal parenchymal 
changes in chronic liver disease.

The literature suggested that the T1 mapping MRI is an appropriate 
and non-invasive imaging tool for assessing either acute27,28 

or chronic changes of kidney parenchyma and progression of 
fibrosis9,29 that is confirmed by tissue sampling in animal models. 

TABLE 2. T1 Mapping Values of Renal Cortex, Medulla, and Entire Kidney for Patient and Control Groups.

Chronic HBV Group
(n = 25)

Control Group
(n = 20) P-value 

Renal Cortex 1578.56 ± 112.63 1455.93 ± 102.59 0.0004*

Renal Medulla 1253.79 ± 116.45 1133.56 ± 80.06 0.0002*

Entire Kidney 1416.17 ± 100.73 1294.75 ± 82.33 0.0001*

P-value 0.0001 0.0001
Results are presented as mean ± SD. P: P-value of independent samples Student’s t-tests. P* value is significant if <0.05.

TABLE 3. Mean T1 Mapping Values of Three Different ROIs In Patients with Chronic HBV Hepatitis.

T1 Value-ROI 1
Upper pole

T1 Value-ROI 2
Mid-pole

T1 Value-ROI 3
Lower pole P-value 

Renal Cortex 1609.16 ± 157.55 1565.01 ± 131.45 1558.51 ± 154.72 0.443

Renal Medulla 1313.39 ± 205.45 1229.77 ± 95.64 1218.19 ± 167.87 0.086
Results are presented as mean ± SD. P: P-value of independent samples ANOVA test. P-value is significant if <0.05.

TABLE 4. Correlation of the Study Parameters with the Mean T1 Mapping 
Value in Patients with Chronic HBV Hepatitis.

Characteristic r P-value 

Serum Creatinine (μmol/L) 0.3 0.145

BUN (mg/dL) 0.202 0.333

Na (mmol/L) −0.007 0.972

K (mEq/L) 0.271 0.191

ALT (U/L) 0.147 0.483

AST (U/L) −0.06 0.775

GGT (U/L) −0.198 0.343

CRP (mg/L) 0.026 0.902

Albumin (g/dL) −0.295 0.153

WBC (x109/L) 0.340 0.960

HbG (g/dL) −0.034 0.871

eGFR (mL/min/1.73m²) −0.031 0.894
Results are presented as mean ± SD. P: p-value of Pearson’s correlation test
Abbreviations: BUN: blood urea nitrogen; ALT: alanine transaminase; AST: aspartate 
transaminase; GGT: Gamma-glutamyl transferase; CRP: C-reactive protein; WBC: 
white blood cell; HbG: hemoglobin; Na: sodium; K: potassium; eGFR: estimated 
glomerular filtration rate

FIG. 2. Comparison between the mean apparent-T1 mapping values of 
the renal cortex, medulla, and entire kidney. For the box and whiskers 
plots, the upper and lower borders of the box represent the upper and 
lower quartiles. The middle horizontal line represents the median. The 
upper and lower whiskers represent the maximum and minimum values 
of non-outliers. Extra dots represent outliers.
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Chronic renal changes were demonstrated by the T1 mapping 
technique and are well correlated to fibrosis progression in 
unilateral ureteral obstruction.9,29 T1 mapping MRI may be 
an appropriate non-invasive imaging modality for assessing 
acute kidney injury allograft kidney.22,24 Rankin et al.12 revealed 
that cortical T1 mapping values of the kidneys were higher 
in renal transplant recipients compared to healthy volunteers 
in patients with heart failure. Friedli et al.9 demonstrated that 
the T1 mapping values of renal parenchyma were correlated 
to interstitial fibrosis and inflammation in animal models 
and kidney allograft recipients compared to healthy kidneys; 
however, no correlation was found between T1 mapping values 
and inflammation. Additionally, Peperhove et al.15 studied renal 
T1 mapping imaging in patients with solid organ transplantation 
3 and 6 months after transplantation, which compared 49 renal 
transplant recipients and 52 lung transplantation to healthy 
individuals. Increased T1 mapping values of the renal cortex 
at 3 and 6 months after transplantation correlated with eGFR. 
T1 mapping values of the kidneys were more prominent in 
patients with kidneys than lung transplantation. Huang et al.32 
showed increased T1 mapping values of the cortex and medulla 
in kidneys transplantation compared to healthy volunteers, and 
T1 mapping values of the renal cortex in both groups showed 
a strong correlation with eGFR. A recent study by Beck-Tolly 
et al.33 also demonstrated a significant association between 
the severity of interstitial fibrosis and increased apparent-T1 
mapping value in renal cortex allograft kidney. Increased cortical 
apparent-T1 mapping values were also found to be reflected by 
impaired graft function and proteinuria.33

Cortical apparent-T1 mapping value is significantly increased in 
patients with Immunoglobulin A nephropathy compared to healthy 
participants in a recent study.26 Not only in acute kidney injury but 
also chronic kidney disease, T1 mapping values were increased 
and showed a positive correlation with eGFR.20,21 Gillis et al. 
revealed a higher cortical T1 mapping value and whole kidney in 
chronic kidney disease. A positive correlation was found between 
the T1 mapping value and eGFR.13 Fox et al. also found similar 
results in patients with chronic kidney disease.15 T1 mapping value 
of the renal cortex and medulla was higher at both 1.5 and 3 Tesla 
magnet fields MRI. Our study revealed a significantly increased 
renal apparent-T1 mapping value in patients with chronic HBV 
infection without apparent renal dysfunction compared to the 
control group. Participants in both groups had no apparent 
renal dysfunction as evaluated by eGFR, serum creatinine, 
serum BUN, Na, K, albumin, and WBC levels. Additionally, the 
participants had no proteinuria, hematuria, and elevated systemic 
blood pressure, which denotes renal parenchymal disease. Our 
study results support that prolonged T1 relaxation time could be 
used as a non-invasive imaging technique to detect subclinical 
renal parenchymal changes in chronic liver disease without a 
contrast agent, which is concordant with the literature.12-15,26-29,33 
We can emphasize that renal T1 mapping values can be used as a 
predictor of kidney function in an earlier stage than proteinuria or 
eGFR prolongation seen in later stages. The ICC analysis of the 
measurements of renal apparent-T1 mapping showed excellent 

agreement. Similar results were also reported in the study by 
Dekkers et al.25

However, our study has some limitations. The most important 
limitation is that the repeatability assessment of the measurement 
in healthy volunteers on two different days was not performed. 
Additionally, we did not assess whether the apparent T1 
measurement is valid and accurate using a valid T1 phantom. 
Moreover, we have a small sample size. The study cohort is 
limited; however, we showed a high inter-observer agreement of 
measurements of the renal T1 mapping with a sufficient number 
of samples. Insufficient histopathological findings are another 
limitation. However, patients with normal kidney function tests 
cannot be a candidate for renal biopsy in clinical practice. Further 
studies that correlated with histopathological findings should be 
planned.

In conclusion, apparent-T1 mapping MRI could be a useful and 
reliable tool in the early diagnosis and monitoring of parenchymal 
renal diseases.
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