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Liver T1rho has been proposed as an imaging biomarker for 
liver fibrosis (1-5). In the recent study of Xie et al. (6,7), 18 
healthy subjects, 18 patients with fatty liver, and 18 patients 
with liver fibrosis had T1rho MR imaging performed. The 
diagnosis of liver fibrosis was based on serologic evidence 
of hepatitis B or C virus infection and liver stiffness criteria 
by ultrasonic elastography. Mean liver T1rho values in 
fibrotic group (52.6±6.8 ms) were significantly higher than 
those of healthy subjects (44.9±2.8 ms, P<0.001) and fatty 
liver group (45.0±3.5 ms, P<0.001), while mean liver T1rho 
values were similar between healthy subjects and fatty liver 
group (P=0.999). However, four liver fibrosis cases (4/18, 
22.2%) had liver T1rho overlapped with those of control 
subjects (the first figure of Xie et al.’s paper) (7). Since there 
was no histologic diagnosis of liver fibrosis for the patients, 
it is possible that these four cases actually did not have 
fibrosis; however, it is more likely that these patients did 
have liver fibrosis, but their liver T1rho was not measured 
higher than healthy subjects’ liver.

It is well known that liver diseases can be associated with 
increased liver iron deposition (8). Ludwig et al. (9) studied 
tissue iron in 447 cirrhotic livers, and increased hepatic 
iron concentration was found in 20.3% of their cases. They 
concluded that iron overload is common in many types of 
nonbiliary cirrhosis. The hemosiderosis of affected liver 
occur rapidly once cirrhosis has developed, and cirrhosis 
alone may cause iron accumulation. It is probable that in 
Xie et al.’s study there was increased liver iron in these four 
cases, and the associated liver T2* shortening complicated 
T1rho measurement. We have seen such phenomenon in 

our own unpublished clinical cases.
Among healthy subjects, our recent paper shows women 

have higher physiological liver T1rho than men; and 
younger subjects have higher physiological liver T1rho 
than older subjects with this trend being stronger in women 
than in men (10). Iron concentration in healthy subjects’ 
liver is also known to be higher in men than in women, and 
higher in older subjects compared with younger subjects 
(Figure 1) (11-13). Animal studies also demonstrated 
aging is associated with increased liver iron concentration  
(Figure 2) (14,15).

Previous studies show elevated T1rho is positively 
correlated with the severity of liver fibrosis/cirrhosis  
(Figure 3) (1-5). Elevated T1rho was correlated with the 
amount of collagen deposition in biliary duct ligation 
induced liver fibrosis (1). However, fiber tissue is not 
necessarily associated with higher T1rho inherently (16), as 
shown in intervertebral disc degeneration studies (17,18). 
Liver fibrosis, depending on its causes, is associated with a 
number of complicated pathological processes, including 
steatosis, hepatocellular ballooning, and inflammation 
(19,20). Inflammation involves presence of inflammatory 
cells, including lymphocytes, eosinophils and neutrophils, 
near ballooned hepatocytes. How these processes contribute 
to the elevated T1rho measurement deserve careful 
investigation, which can be answered partially by careful 
animal model studies. In an imperfect rat study reported by 
us (21), it can be seen that acute edema of liver caused by 
CCl4 intoxication was not a dominant contributor of T1rho 
increase. After the withdrawal of CCl4 stimulus, it seems 
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Figure 1 Iron concentration in liver of healthy subjects is higher in men than in women, and higher in post-menopausal women than in 
pre-menopausal women. (A) Distribution of subjects according to the grade of histochemically demonstrable iron in Kupffer cells (hatched 
squares represent menstruating women); (B) non-haemin iron concentrations in liver biopsy specimens (each bar represents a subject). 
Modified from (11) with permission.

A

10

5

NO. MEN WOMEN

0 0

Tr
ac

e

Tr
ac

e+ +

+
+

+
+

+
+

+

+
+

+

200

100

MG Fe/100 g

MEN

WOMEN

POST MENOP. MENSTRUATING

MEAN 80.2±9.6 50.7±11.5 23.5±7.9

B

800

600

400

200

0

Ir
on

 c
on

te
nt

 (n
g/

m
g 

p
ro

te
in

)

ng
 F

e/
m

g 
d

ry
 w

t
1000

800

600

400

0                 6                12                18               24
0               200             400             600              800           1000

Age in days
Age (months)

A B

Figure 2 Animal studies show aging is associated with increased liver iron concentration. (A) Tissue total iron content (mean ± standard 
error of mean) in liver versus age for male Fisher 344 rats; (B) iron content in liver versus age for C57BL/6J male mice. Modified from (14,15) 
with permission.

that the lowering of elevated liver T1rho was faster than the 
resolve of fiber tissue deposition in rat liver.

One note is the wide inter-subject variation of 
physiological T1rho, not only seen in healthy subjects (11),  
but also in male rats of similar age (Figure 4) (5). One 
potential explanation for Figure 4 is that these rats have 
diverse liver iron concentrations, but co-contributors of other 
sources are also possible and should be further investigated.

We can hypothesize that T1rho can differentiate liver 
steatosis (no T1rho elevation with fat suppressed sequence) from 

steatohepatitis (with T1rho elevation due to inflammation 
and fibrosis). The work of Xie et al. (6,7) suggests T1rho 
can differentiate simple fatty liver from liver pathologies 
involving inflammation and fibrosis.

With the recent progresses made in diffusion imaging 
(Figure 5) (22), it is possible that multi-parametric MRI 
approach, such as a combination of T1rho corrected with 
iron/T2*contribution and intravoxel incoherent motion 
(IVIM) imaging will allow early diagnosis of nonalcoholic 
steatohepatitis and liver fibrosis.
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Figure 3 T1rho as a liver function biomarker. (A) Mean liver T1rho value and standard deviation of healthy volunteers and patients with 
Child-Pugh A, B, or C classification. A positive correlation is shown; (B) bar graph of T1ρ values corresponding to different groups based 
upon fibrosis stage. Group 0 contains healthy subjects, group-1 contains stage-1 fibrosis, group 2 contains stage-2 fibrosis and group 3 
contains stage-3 or 4 fibrosis (however, there were limited samples in each group); (C): scatterplots of the correlation between the T1rho 
values of the liver and the serum levels of Alb (albumin), TB (total bilirubin), DB (direct bilirubin), gGTP (g-glutamyl transpeptidase), and 
ICG-R15 (indocyanine green retention rates at 15 minutes). A significant correlation was observed in all combinations. Modified from (2-4) 
with permission.
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Figure 4 In 32 young male rats (200–250 gram) the physiological liver T1rho value ranged from 36.05 to 41.53 msec. Rats with higher 
liver T1rho at baseline also tend to have higher measurement at day-3 post-biliary duct ligation, suggesting that the higher liver T1rho 
measurement at baseline may be ‘intrinsic’ to individual rats. Modified from (5) with permission.

Figure 5 Three-dimensional display of healthy volunteer group (blue balls), viral hepatitis induced stage-1 fibrosis patient group (pink balls), 
and viral hepatitis induced stage 2–4 fibrosis patient group (red balls). Each ball represents one participant. The complete differentiation of 
the volunteer group and patient group is shown by dotted yellow line or purple plane. Reproduced from (22) with permission.
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