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Abstract
Objectives To investigate whether T1-mapping allows assess-
ment of acute kidney injury (AKI) and prediction of chronic
kidney disease (CKD) in mice.
Methods AKI was induced in C57Bl/6N mice by clamping of
the right renal pedicle for 35 min (moderate AKI, n=26) or
45 min (severe AKI, n=23). Sham animals served as controls
(n=9). Renal histology was assessed in the acute (day 1+day 7;

d1+d7) and chronic phase (d28) after AKI. Furthermore, longi-
tudinal MRI-examinations (prior to until d28 after surgery) were
performed using a 7-Tesla magnet. T1-maps were calculated
from a fat-saturated echoplanar inversion recovery sequence,
and mean and relative T1-relaxation times were determined.
Results Renal histology showed severe tubular injury at d1+
d7 in both AKI groups, whereas, at d28, only animals with
prolonged 45-min ischemia showed persistent signs of AKI.
Following both AKI severities T1-values significantly in-
creased and peaked at d7. T1-times in the contralateral kidney
without AKI remained stable. At d7 relative T1-values in the
outer stripe of the outer medulla were significantly higher after
severe than after moderate AKI (138±2 % vs. 121±3 %, p=
0.001). T1-elevation persisted until d28 only after severe AKI.
Already at d7 T1 in the outer stripe of the outer medulla
correlated with kidney volume loss indicating CKD (r=0.83).
Conclusion T1-mapping non-invasively detects AKI severity
in mice and predicts further outcome.
Key Points
• Renal T1-relaxation times are increased after ischemia-
induced acute kidney injury.

• Renal T1-values correlate with subsequent kidney volume
loss.

• T1-mapping detects the severity of acute kidney injury and
predicts further outcome.
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MRI magnetic resonance imaging
OSOM outer stripe of the outer renal medulla

Introduction

Acute kidney injury (AKI) is common in hospitalized
patients and is an independent risk factor for increased
morbidity and mortality [1, 2]. Renal ischemia reperfusion
injury (IRI) is a major cause of AKI [3, 4]. It occurs, for
example, during major surgery, severe trauma and shock,
in critically ill patients as well as in the context of kidney
transplantation. Reperfusion after the ischemic event leads
to formation of reactive oxygen species, up-regulation of
pro-inflammatory and pro-apoptotic pathways, and conse-
quently to an inflammatory response in the kidney [5]. In
the acute phase, ischemia induced AKI is characterized by
damage of endothelial cells resulting in an increased mi-
crovascular permeability and development of local edema,
acute tubular necrosis, and inflammatory cell infiltration
[6, 7]. Depending on the severity of AKI, repair of renal
injury may be insufficient, and renal fibrosis and chronic
renal insufficiency may occur [2, 8].

In order to be able to improve treatment and ultimately
prognosis in patients with AKI, it is important to develop non-
invasive diagnostic tests for early diagnosis of AKI, to eval-
uate and monitor renal pathology, and to determine the prog-
nosis of renal function. So far, besides ultrasound, mostly
serum creatinine, urine output, and glomerular filtration rate
are used to detect AKI. However, these parameters are insen-
sitive, influenced bymany factors other than renal function [9,
10], and are insufficient to estimate the severity and prognosis
of AKI. Functional magnetic resonance imaging (MRI) pro-
vides promising new techniques such as arterial spin labelling
[11], blood oxygen level dependency imaging [12, 13], and
diffusion weighted imaging [14–16] to examine non-
invasively renal function and pathology.

Furthermore, measurement of the longitudinal and trans-
verse relaxation times, T1 and T2, may be useful to determine
renal pathology by quantification of the tissue water content
[17–19]. Inflammation during the acute phase after ischemia-
induced AKI is associated with accumulation of water in the
intracellular and extracellular space, due to cell swelling and
interstitial edema, respectively, so that prolongation of T1-
and T2-values is expected [20]. Furthermore, interstitial col-
lagen deposition due to renal fibrosis may allow water to
accumulate in the enlarged interstitial space [20]. For cardiac
imaging T1- and T2-mapping techniques have already been
established for clinical use and seem promising to quantify
diffuse and focal myocardial edema and fibrosis in patients
with myocardial infarction and cardiomyopathy [21–24]. We
recently showed that T2-values are increased in the acute

phase after AKI depending on its severity and are unchanged
in the chronic phase [25]. The ability of T1-mapping to
determine the severity of renal damage after AKI and to
differentiate acute and chronic renal changes has not been
investigated so far.

Therefore, our purpose was to investigate longitudinal
changes of renal T1-relaxation time after AKI and to evaluate
whether T1-mapping allows detection of AKI severity and
prediction of progression to chronic kidney disease.

Materials and methods

Experimental animals

Male C57Bl/6N mice (Charles River) weighing 25 – 30 g
at 10 – 12 weeks of age were used for all experiments.
AKI was induced by transient unilateral clamping of the
right renal pedicle for either 35 min (35 min IRI, moder-
ate AKI, n=26) or 45 min (45 min IRI, severe AKI, n=
23), as described previously [25–27]. In brief, mice were
anaesthetised with isoflurane. After median laparotomy, a
non-traumatic vascular clamp was applied to the renal
pedicle. After 35 min or 45 min the clamp was removed
and the abdomen was closed. For comparison, n=9 ani-
mals underwent sham operation. These animals were
anaesthetised with isoflurane, median laparotomy was
performed, and the abdomen was closed after 45 min
without clamping of the renal pedicle. After surgery, the
mice were returned to their cages and monitored until they
were fully awake. Some of the animals were killed on d1
(n=7 with 35 min IRI, n=7 with 45 min IRI, n=5 with
sham operation) and d7 (n=9 with 35 min IRI, n=9 with
45 min IRI, n=4 with sham operation) for histology work
up. For longitudinal MRI-examinations, n=10 animals
with moderate AKI and n=7 animals with severe AKI
were used. These animals were killed 4 weeks after sur-
gery after the last MRI. Animals received a standard diet
with free access to tap water. They were cared for in
accordance with our institution's guidelines for experi-
mental animals and the national guidelines of the Society
for Animal Science. The local animal protection commit-
tee approved the experimental protocol.

Renal histology

Renal histology was evaluated at d1 and d7 as well as after the
last MRI-examination 4 weeks after unilateral IRI. For organ
retrieval, mice were anaesthetised and perfused with ice-cold
saline solution. Kidney tissue was immediately fixed in buff-
ered formalin and embedded in paraffin. Three-micrometer
paraffin sections were cut and stained with PAS. Evaluation of
AKI was performed by a nephropathologist with >15 years of
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experience without knowledge of the animal group identity. It
was performed using a semi-quantitative grading system: 0=
no AKI, 1=mild AKI with <25 % of tubuli affected, 2=
moderate AKI with 25 – 50 % of tubuli affected, 3=severe
AKI with 51 – 75 % of tubuli affected, 4=very severe AKI
with >75 % of the tubuli affected. Inflammation was analysed
semiquantitatively by scoring the infiltrating cells in 10 ran-
domly chosen, non-overlapping fields of the outer medulla:
0=no inflammation with <5 infiltrating cells per field, 1=mild
inflammation with 5 – 10 infiltrating cells per field, 2=mod-
erate inflammation with 11 – 25 infiltrating cells per field, 3=
severe inflammation with 26 – 50 infiltrating cells per field,
4=very severe inflammation with >50 infiltrating cells per
field.

MRI imaging and analysis

Some of the mice underwent repetitive MRI examinations
before surgery (d0) and at five time points after surgery
(d1, d7, d14, d21, d28) using a 7-Tesla dedicated animal
scanner (Bruker, Pharmascan, Ettlingen, Germany) and a
one-channel circular polarized volume coil (Bruker,
Ettlingen, Germany). Animals were anaesthetised by
isoflurane inhalation and their respiration was monitored
and kept constant between 30 – 50 breaths/min during the
entire examination. Respiratory triggered, fat-saturated
T2-weighted turbo spin echo (TSE) sequences were ac-
quired in axial and coronal planes that covered both
kidneys. The coronal plane was adjusted to the long axis
of both kidneys. Sequence parameters were: TR/TE=
1,500/33 ms, averages=2, matrix=256x256, field of view
(FOV)=35x35 mm2, slice thickness=1 mm. For measure-
ment of T1-relaxation time of renal tissue, a fat-saturated
single-shot inversion recovery sequence with multiple
inversion times, a non-selective inversion pulse, and an
echoplanar (EPI) readout were used. T1-measurements
were performed in a central coronal plane with the fol-
lowing sequence parameters: TR/TE=18,000/16.4 ms, 13
inversion times (30, 100, 200, 300, 500, 700, 1000, 1200,
1500, 2000, 3000, 5000, 8000 ms), matrix=128x128,
FOV=35x35 mm2, slice thickness=2 mm, number of
slices=1. Total acquisition time for T1-mapping was ap-
proximately 10 – 15 min.

Kidney volumes were determined separately for the right
kidney with AKI and the left kidney without AKI by manual
segmentation of axial T2-weighted images. Relative kidney
volume loss compared to the same kidney before surgery was
calculated.

In order to correct for respiratory motion, the images of
the inversion recovery sequence were co-registered using
Elastix (open-source software: http://elastix.isi.uu.nl/) and
a rigid registration algorithm [28]. T1-relaxation times
were calculated on a pixel by pixel basis according to

the equation T1=M0(1−2exp(−TI/T1)). On T1-maps, re-
gions of interest (ROI) were manually placed into cortex,
outer stripe of the outer medulla (OSOM) and inner stripe
of the outer medulla (ISOM) by one reader who was
blinded to the animal group identity (Fig. 1) and mean
T1-values of each layer were determined separately for
the right kidney with AKI and the left kidney without
AKI. In addition, relative T1-values compared to the
values of the same kidney before surgery were deter-
mined. As differentiation of cortex and medulla in ad-
vanced stages of renal disease (i.e. later time points in
the severe AKI group) was nearly abrogated, placement of
ROIs in these cases was based on the knowledge of renal
morphology at histology.

Statistical analysis

For statistical analysis, SPSS 21 software (IBM Corpora-
tion, United States) was used. Data are presented as mean
±standard error of the mean (SEM). Differences between
groups of moderate and severe AKI were assessed using
the unpaired t-test. Longitudinal changes of T1-values
compared to the values before surgery were determined
using analysis of variance for repeated measurements
followed by post hoc multiple comparison. Adjustment
for multiple comparisons was performed with the Sidak
method and adjusted p-values are given. Furthermore, the
correlations of T1-relaxation times at different time points
with relative kidney volume loss until day 28 were eval-
uated with linear regression and Pearson’s coefficient of
correlation (r). P-values <0.05 were considered statistical-
ly significant.

Fig. 1 Placement of ROIs on T1-parameter maps. On parameter maps of
T1-relaxation time the three anatomical layers of the kidney – cortex (C),
outer stripe of the medulla (OSOM), and inner stripe of the outer medulla
(ISOM) – were identified (a). ROIs were placed into these layers and
covered the entire layer in the imaging plane (b)
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Results

Renal histology after AKI

Renal histology in the contralateral left kidney without ische-
mia and in both kidneys of sham animals was unremarkable at
d1 and d7 with AKI and inflammation scores of 0. In com-
parison to sham animals, significantly higher AKI and inflam-
mation scores were observed at all time points and with both
ischemia times. In the acute phase, at d1 and d7 after surgery,
renal histology was characterized by severe tubular injury in
the group of 35 min IRI (AKI scores d1=4, d7=3.89) and
45 min IRI (AKI scores d1=4, d7=4). The inflammation
scores, representing infiltrating leukocytes, were not signifi-
cantly different between animals with severe and moderate
AKI at d1 (2.21 vs. 1.79; not significant, p=0.183) and d7 (4

vs. 3.67, not significant, p=0.176). In the chronic phase
28 days after IRI, AKI scores (1.5 vs. 0.7; p<0.05) and
inflammation scores (1.2 vs. 0.4; p<0.05) were significantly
higher in animals with severe compared to moderate AKI.
Figures 2 and 3 give an overview over renal histology as well
as AKI and inflammation scores in different groups and at
different time points after ischemic AKI.

Changes of T1-relaxation times after moderate and severe
AKI

In the normal kidney, T1-relaxation times were lowest in
the OSOM with 1208±14 ms and highest in the ISOM
with 1594±19 ms before surgery. After moderate (35 min
IRI) and severe AKI (45 min IRI), T1-values increased in
all anatomical layers with most pronounced changes in

Fig. 2 Histomorphological changes after short (35 min) and prolonged
(45 min) renal ischemia reperfusion injury. Shown is the outer medulla
after short (35 min, upper row) and prolonged (45 min, middle row)
ischemia reperfusion injury (PAS stain, magnification 200-fold) at d1
(first column), d7 (second column), and d28 (last column). For compar-
ison, normal renal morphology after sham surgery is shown in the lower
row. AKI and inflammation were detectable at d1 and proceeded until d7.

28 days after surgery renal histology in the 35 min-group was
characterised by almost complete tubular regeneration and in the
45 min-group by persistent moderate AKI and inflammation. In addition,
tubular atrophy and tubular cast formation occurred in the prolonged
ischemia group. By histology no differences between groups were de-
tectable at d1 and d7 after surgery
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the OSOM (Table 1). T1-values peaked at d7 after AKI.
Examples of T1-maps of one animal with moderate and
one with severe AKI are shown in Fig. 4, examples of
inversion recovery EPI-images at different inversion times
are given in Suppl. Fig. 1. After moderate AKI, relative

T1-relaxation times at d7 were significantly increased to
118±3 % in the renal cortex (p<0.01), to 121±3 % in the
OSOM (p<0.01) and to 113±3 % in the ISOM (p<0.05)
compared to values before surgery. Until the end of the
observation period, after short ischemia of 35 min, T1-
relaxation times nearly reached baseline and no signifi-
cant difference compared to preoperative T1-values was
detectable (Fig. 5). After severe AKI, relative T1-
relaxation times at d7 were increased to 122±2 % in the
cortex (p<0.01), to 138±2 % in the OSOM (p<0.001)
and to 123±1 % in the ISOM (p<0.001) compared to
values before surgery. In the group of severe AKI, a
significant T1-elevation in cortex and OSOM persisted
until d28. In contrast to renal histology, already at d7
after surgery T1-values in the severe AKI group were
significantly higher than in the moderate AKI group
(1659±28 ms vs. 1458±36 ms, p=0.001; Table 1). T1-
values remained significantly higher in the severe AKI
group at d14-28 compared to the moderate AKI group (p
<0.05). In the contralateral left kidney without AKI T1-
values were unchanged throughout the entire observation
period (Fig. 5).

Correlation of T1-relaxation times with kidney volume loss

Relative kidney volume loss until d28 after AKI compared to
values before surgery was significantly greater after severe
(40±5 % volume loss) than after moderate AKI (16±6 %, p<
0.05), indicatingmore severe chronic irreversible kidney dam-
age in the severe AKI group. Until d7, no significant kidney
volume loss was observed in either group. T1-relaxation times
at d7 – 28 significantly correlated with relative kidney volume
loss until d28 after AKI (Table 2). The significant correlations
of T1-values in the OSOM at d7 (r=0.83, p<0.001) and d14
(r=0.93, p<0.001) with kidney volume loss until day 28 are
shown in Fig. 6.

Fig. 3 Semiquantitative assessment of histomorphological changes after
short (35 min) and prolonged (45 min) renal ischemia reperfusion injury.
AKI scores (a) and inflammation scores (b) at different time points after
unilateral renal IRI are shown in the sham group (black), 35 min-group
(green), and the 45 min-group (red). Compared to sham animals significant
higher AKI and inflammation scores were observed at all time points and
with both ischemia times. In the acute phase severe AKI and inflammation
was observed with both ischemia times. A significant difference between
groups was observed at d28 with significantly higher AKI and inflamma-
tion scores in the 45 min-group compared to the 35 min-group (*p<0.05)

Table 1 Changes of renal T1-values measured by MRI after acute kidney injury

d0 d1 d7 d14 d21 d28

T1 cortex, ms Moderate AKI (35 min IRI) 1263±10 1324±21 1492±41 1454±40 1398±27 1357±31

Severe AKI (45 min IRI) 1270±9 1303±24 1543±29 1537±32 1483±30 1483±34

p-values ns ns ns ns ns 0.016

T1 OSOM, ms Moderate AKI (35 min IRI) 1208±14 1344±20 1458±36 1405±43 1344±36 1326±34

Severe AKI (45 min IRI) 1205±10 1367±34 1659±28 1577±43 1510±48 1483±58

p-values ns ns 0.001 0.015 0.013 0.025

T1 ISOM, ms Moderate AKI (35 min IRI) 1594±19 1589±33 1799±34 1732±24 1682±16 1651±32

Severe AKI (45 min IRI) 1581±10 1495±35 1944±21 1841±30 1710±27 1640±20

p-values ns ns 0.005 0.006 ns ns

Mean±SEM of absolute T1 relaxation times in cortex, outer stripe (OSOM) and inner stripe oft the outer medulla (ISOM) at different time points after
moderate and severe AKI. Significant differences between animals with moderate and severe AKI are given
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Discussion

We showed that T1-mapping allows non-invasive detection of
AKI severity after ischemia reperfusion injury (IRI) in mice.
T1-relaxation time already at d7 significantly correlated with
kidney volume loss as a measure of chronic irreversible kid-
ney damage, and thus predicted further renal outcome. Impor-
tantly, at this early time point after IRI, renal histology did not
yet allow us to distinguish between the two AKI severities.

The model of unilateral IRI is a well-established mouse
model of AKI. As renal function of the contralateral kidney is
not compromised in this model, survival of the animals is
normal and overall renal function is only mildly impaired
[29]. We chose ischemia times of 35 min and 45 min, since
we found in previous studies that an ischemia time of 35 min
resulted in renal regeneration, whereas prolonged ischemia of
45 min caused chronic kidney disease with loss of renal
function and tubulo-interstital fibrosis [25, 30]. We already

Fig. 4 Example of T1-maps after moderate and severe AKI. Depicted are
parameter maps of T1-relaxation time after ischemia induced AKI before
surgery (d0) and at different time points after surgery (d7, d14, d28).
Exemplarily, one animal with a short ischemia time of 35 min (moderate
AKI; upper row) and one animal with prolonged ischemia of 45 min
(severe AKI; lower row) are shown. Window level and width as well as
image size are similar for all parameter maps. In the normal kidney before

surgery, T1-relaxation time was lowest in the OSOM and highest in the
ISOM. After AKI T1 increased in all anatomical layers. After moderate
AKI T1-values nearly returned to baseline until d28 and renal anatomy
was preserved. In contrast, after severe AKI, increase of T1 persisted until
d28, differentiation between anatomical layers was abrogated, and
marked kidney volume loss was observed

Fig. 5 T1-relaxation times of renal tissue after AKI. Depicted are changes
of relative T1-relaxation times compared to values before surgery after
moderate (green curves) and severe AKI (red curves) as well as in the
contralateral kidney without AKI (black curves). Values in the cortex (a),

the OSOM (b), and the ISOM (c) are shown. Significant differences of
relative T1-values compared to the values before surgery are given.
*p<0.05, **p<0.01, ***p<0.001
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established and validated a variety of functional MRI-
parameters, such as renal perfusion [30], apparent diffusion
coefficient (ADC), and T2-relaxation time [25] to evaluate
AKI in mice. In this work, we compared the novel parameter
T1-relaxation time in more detail with renal histology at
various time points and recognized that T1-mapping detects
AKI severity and prognosis of renal function at earlier time
points than renal histology. Furthermore, there are several
reasons why T1-mapping may be an important additional
technique for assessment of renal pathology. First, T1-
mapping provides an additional MRI parameter to further
characterise acute as well as chronic renal pathology. For
comparison, changes in T2-relaxation time, which are also
based on the tissue water content, were only observed in the
acute phase after AKI [25]. Second, quantification of T1-
relaxation time proved robust in our study and variability
between animals of the same group was low. Third, T1-
mapping and renal perfusion imaging with arterial spin label-
ling may be combined without additional acquisition time by
using the images with non-selective inversion to calculate T1-
maps [30].

In this study T1-values increased after AKI in the renal
cortex and medulla with largest changes in the OSOM, which
is similar to T2-changes after AKI [25] and is possibly attrib-
uted to the fact that, in particular, the OSOM is highly

susceptible to hypoperfusion and hypoxemia [31, 32]. Corre-
sponding to the histomorphological changes of renal tissue
that were characterized by highest AKI and inflammation
scores at d7 after surgery, maximum T1-values were found
at d7 in both groups of AKI severity. T1-increase at this time
point may be explained by the increase of tissue water content
due to an acute inflammatory response in the early phase after
ischemia induced AKI with cell swelling, capillary leakage,
and interstitial edema formation [18, 19]. Consequently, T1-
increase in the early phase was paralleled by an increase of T2-
relaxation times [33]. Our results are consistent with early
in vitro and in vivo renal MRI-studies demonstrating a
prolonged T1-relaxation time in the early phase after ligation
of the renal artery or vein, which was well-correlated with
tissue water content [34, 35]. In animals with severe AKI T1-
increase in cortex and OSOM persisted until d28, whereas
after moderate AKI, T1-values reached baseline at d28. Ac-
cordingly, renal histology at d28 was characterized by almost
complete tubular regeneration in the group of short 35 min
IRI, whereas persistent signs of AKI and inflammation were
observed in the group of prolonged 45 min IRI. The persisting
T1-elevation in the chronic phase after severe AKI may at
least partly be related to renal fibrosis, which only occurs in
animals with severe AKI due to inadequate regeneration of
renal tissue and incomplete tubular repair. The work by de
Miguel et al. supports this hypothesis [20]. They examined
rabbits with antiglomerular basement membrane disease by
repetitive measurement of T1-relaxation time. Although spa-
tial resolution was poor compared to our study due to use of a
0.5 Twhole-body system, the observed changes of T1-values
over an observation period of 4 weeks in exemplarily exam-
ined animals were similar to our study. Furthermore, they
found a good correlation of T1-relaxation time 4 weeks after
disease induction with renal fibrosis at histology. They veri-
fied by T1-measurement in an animal with fibrosis, but with-
out increased tissue water content that persistent prolongation
of T1 is indeed due to renal fibrosis and not just to tissue

Table 2 Correlation of T1-values with relative kidney volume loss until
d28

d1 d7 d14 d21 d28

Cortex r ns ns 0.78 0.88 0.92

p ns ns <0.001 <0.001 <0.001

OSOM r ns 0.83 0.93 0.90 0.87

p ns <0.001 <0.001 <0.001 <0.001

ISOM r ns 0.74 0.70 ns ns

p ns 0.001 0.002 ns ns

Fig. 6 Correlation of T1-relaxation times in the OSOM with relative
kidney volume loss until d28. Depicted are the significant correlations of
T1-relaxation time in the OSOM at day 7 (a) and day 14 (b) with relative

kidney volume loss until d28. Data from animals with an ischemia time of
35 min (moderate AKI) are marked in green, data from animals with an
ischemia time of 45 min (severe AKI) are marked in red
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edema [20]. Thus, alterations of T1-relaxation time of renal
tissue presumably reflect acute tissue edema due to capillary
leakage and cell swelling as well as chronic renal pathology
such as renal fibrosis associated with AKI. Notably, T2-values
in both groups of AKI severity were not significantly changed
from normal at d28, indicating that T2-mapping does not allow
detection of chronic changes of renal tissue [25]. For future
studies, the combination of T1- and T2-measurement could be
useful to differentiate acute from chronic changes of renal tissue.

Differentiation between groups of AKI severity was possi-
ble by T1-mapping already at d7. Furthermore, T1-times in
the OSOM at d7 – 28 correlated very well with the kidney
volume loss until d28 after AKI as a measure of chronic
irreversible kidney damage. Importantly, renal histology and
simple scoring of the amount of infiltrating cells at this early
time point (d7) did not allow distinction of AKI severities and
prediction of kidney volume loss. We hypothesize that the
discrepancy between T1-mapping and simple renal histology
is because activation of infiltrating inflammatory cells and
production of pro-inflammatory cytokines can differ, which
is not detectable by simply evaluating the amount of infiltrat-
ing cells at histology. An increased production of pro-
inflammatory cytokines by activated inflammatory cells in
the severe AKI group may lead to more pronounced tissue
oedema and cell swelling, which is associated with higher T1-
relaxation times at this early time point. These findings indi-
cate that T1-mapping may be very valuable for experimental
studies and testing of experimental drugs due to excellent
correlations with AKI severity at an early time point and its
prognostic value for further outcome of renal function. In
particular, the combination of T1-mapping and renal perfusion
imaging seems promising as both parameters may be obtained
non-invasively within the same acquisition and provide com-
plementary longitudinal information on renal pathology and
function. Translation of T1-mapping into clinical practice is
feasible and the use of T1-relaxation time as a non-invasive
biomarker to determine presence, severity and most important
prognosis of AKI in patients has to be examined.

Limitation of the study is the relatively small number of
animals for longitudinal MRI. Nonetheless, we were able to
show significant differences between groups and time points,
as variability of T1-values within groups of different severities
of AKI was low. Furthermore, we did not examine the corre-
lation of T1-relaxation time with tissue water content and
renal fibrosis, as this has already been demonstrated previous-
ly [19, 20].

In conclusion, T1-mapping through assessment of tissue
edema and fibrosis allows non-invasive evaluation of AKI
severity in mice. Alterations of T1-relaxation times at an early
time point after AKI significantly correlate with subsequent
kidney volume loss and were predictive for further renal
outcome. Thus, T1-mapping may help along with other func-
tional MRI techniques to determine acute and chronic changes

of renal tissue after AKI, which may be very valuable for
experimental studies and clinical practice.
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