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ABSTRACT

Objective: To compare the clinical value of dynamic contrast-enhanced MRI (DCE-MRI) and single-photon emission computed
tomography (SPECT) renal dynamic imaging in the measurement of glomerular filtration rate (GFR) in the evaluation of renal
function in renal transplantation.
Methods: A total of 70 recipients who underwent renal transplantation in Baogang Hospital of Inner Mongolia from April of
2015 to April of 2018 were selected as research objects. GFR was measured in renal transplant recipients by use of DCE-MRI
and SPECT (GFR-MRI and GFR-SPECT respectively), and was compared with creatinine clearance rate (Ccr). The safety of
contrast media was evaluated in DCE-MRI detection.
Results: The bias of GFR-MRI against Ccr value was higher than that of GFR-SPECT against Ccr value, with 30% and 50%
accuracy of GFR-MRI higher than that of GFR-SPECT, and the difference was statistically significant (p < .05). Pearson
correlation analysis showed that GFR-MRI and GFR-SPECT values were positively correlated to Ccr (p < .05), and the correlation
coefficient of GFR-MRI and Ccr was higher than that of GFR-SPECT and Ccr, with the difference statistically significant (p <
.05). By Bland-Altman analysis, 95% confidence interval of GFR-SPECT was 95.49 ml/(min·1.73 m2), and 95% confidence
interval of GFR-MRI was 62.35 ml/(min·1.73m2), which was much narrower. Only 2 cases of patients developed mild rash
among 70 cases of patients, and recovered spontaneously without any treatment.
Conclusions: Compared with SPECT, the bias of GFR measured by DCE-MRI against Ccr is much greater. However, DCE-MRI
has a higher accuracy, correlation and consistency in comparison with Ccr, and it has a narrower confidence interval. DCE-MRI
can more accurately evaluate renal function in renal transplantation by measuring GFR, and it has a high safety.
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1. INTRODUCTION
Currently, renal transplantation has become the most effec-
tive treatment measure for end-stage renal disease, while
surveillance of renal function and timely evaluation of the
anatomical structure of transplant kidney are critical to ef-
fectively prolong the survival time of transplant kidney.[1]

Glomerular filtration rate (GFR) is the most direct indicator
which can reflect renal filtering function, and it is also one of
the most sensitive indicators which are used to evaluate renal
function.[2] However, GFR can be only acquired indirectly
by calculating the clearance rate of some markers instead of
being measured directly. Inulin clearance rate is a generally-
acknowledged golden standard in GFR measurement, but it
is not suitable to be popularized in clinical practice due to its
complicated operation and time waste.[3] Single-photon emis-
sion computed tomography (SPECT) renal dynamic imaging
is a conventional examination method used to evaluate GFR
in renal transplantation donors currently. Characterized by
easy operation, safety and non-invasiveness, it can directly
reflect GFR and urinary excretion performance. However,
SPECT is not able to present the anatomical structure of
blood vessels and the urinary tract in the kidney.[4] Nuclear
magnetic resonance imaging (MRI) is commonly used to
understand renal structure. Meanwhile, dynamic contrast-
enhanced MRI (DCE-MRI) has been gradually applied to
the evaluation of GFR.[5] However, there are few researches
on the accuracy and safety of DCR-MRI in the evaluation
of GFR of transplant kidney after renal transplantation. 70
cases of patients with good and stable renal function were
selected as research objects in this study, in order to make a
comparison in the accuracy and safety between DCE-MRI
and SPECT in GFR measurement of transplant kidney. It
was reported as follows.

2. DATA AND METHODS

2.1 General information
A total of 70 recipients who underwent renal transplantation
in Baogang Hospital of Inner Mongolia (hereinafter referred
to as “our hospital”) from April of 2015 to April of 2018 were
selected as research objects. Among 70 cases, there were
41 cases of male patients and 29 cases of female patients,
aged 16 to 62, with an average age of (45.36±8.68); weighed
36 to 87 kg, with an average weight of (61.23±11.06) kg;
body surface area was 1.48 to 3.16 m2, and the mean value
was (2.06±0.35) m2; serum creatinine level was 57.23 to
186.20 µmol/L, and the mean value was (94.36±26.03)
µmol/L. Inclusion criteria were as follows: 1) All patients
had underwent renal transplantation; 2) patients who had a
good and stable renal function; 3) patients who followed the
doctor’s advice and actively cooperated with doctors during

treatment; 4) patients who were acknowledged and required
to sign informed consent forms approved and implemented
by Ethics Committee in our hospital. Exclusion criteria were
as follows: 1) patients who had an allergic history in contrast
media; 2) patients who were allergic to the medicine used
in this research; 3) patients who were with other types of
serious diseases; 4) patients who had cardiac, hepatic and
splenic insufficiency.

2.2 Immunotherapy
All immunotherapies given to patients were triplex im-
munosuppressive regimens: Cyclosporin A (NCPC, SFDA
Approval Number: H10960009), the dose of which was
6-8 mg/(kg·d) initially and adjusted according to plasma con-
centration and serum creatinine level; Leflunomide (Suzhou
Changzheng-Cinkate Pharmaceutical Co., Ltd, SFDA Ap-
proval Number: H20000550), the dose of which was 50 mg/d
and then adjusted to 20 mg/d (weight < 60 kg) or 30 mg/d
(weight > 60 kg) after 3-5 d; Mycophenolic acid (Jiangsu
Stru Chem Co., Ltd, SFDA Approval Number: H12020809),
the dose of which was 1.0 g/d (weight < 60 kg) or 1.5 g/d
(weight > 60 kg).

2.3 The measurement of creatinine clearance rate (Ccr)
Before examination, all subjects were required to keep a
low-protein diet with no meat and avoid strenuous exercise.
It was also required to check the blood sample and 24-h
urine taken on the day of measurement. Urine creatinine
level and serum creatinine level were measured to calculate
Ccr according to the following formula: Ccr = (Urine creati-
nine level/serum creatinine level) × urine volume per minute.
Ccr was corrected by body surface area (BSA), i.e., the cor-
rected Ccr = (Urine creatinine level/serum creatinine level)
× urine volume per minute × 1.73/BSA, and the unit was
ml/ (min·1.73 m2).

2.4 The measurement of GFR by DCE-MRI
GE Discovery 750 3.0T scanner was used to perform the ab-
dominal MRI scan to all patients. After positioning scan, 3D
coronal liver acceleration volume acquisition sequence was
used to perform a scan to renal regions. In the enhanced
examination, double-cylinder high pressure syringe was
used to make an intravenous injection on the elbow to give
0.04 mmol/kg of Gd-DOTA (0.5 mmol/L, Bayer Schering,
Germany, Batch Number: 20150402) diluted with normal
saline, and the injection speed was 3.0 ml/s. Flushing was
made by use of 10 ml normal saline after injection. LAVA se-
quence scanning parameters were set as follows: TR 4.7 ms,
TE 1.9 ms, TI 5.0 ms, rotation angle 15◦, pixel bandwidth
977 kHz, matrix 256 × 160, visual field 35.0 cm ×
35.0 cm, slice thickness 2.8 mm, spacing 2.8 mm. 24 slices
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were acquired, and the acquisition time was 3.0 s. Patients
were required to hold their breath for consecutive acquisition
for 10 periods of data in 10 s after intravenous administra-
tion. The total acquisition time was 30 s, and each period of
data was acquired at a regular interval of 30 s, i.e., the total
scanning time was 6 min. GFR was calculated by relevant
softwares, with the simplified two compartment model (2C
model) applied. The calculation formula of the model was:
Med (t) = fCco (t) + Γ*Cco (t). In this model, the pathway
of contrast media was assumed as follows: renal cortex -
glomerular artery - glomerulus - renal medulla. Whereas,
Med (t) was the time-dependent accumulation quantity of
contrast media in renal medulla per unit volume, f was the
capacitance percentage of the artery in renal medulla, Cco
(t) was the time-dependent concentration of contrast media
in renal cortex, Γ was GFR per unit volume and * was con-
volution operator. GFR value was corrected by BSA, with
the unit set as ml/(min·1.73 m2).

2.5 The measurement of GFR by SPECT
Philips Bright View SPECT scanner made by Philip was
applied to the measurement of GFR. Patients were required
to drink 300-500 ml of water 30 min ahead of getting an in-
jection of 99mTc-DTPA, and then empty their bladder before
imaging, with height and weight recorded. The examinees
were in the supine position, with the acquisition in the pos-
terior view, with the renal regions and bladder placed in the
visual field of the probe. After 99mTc-DTPA was infused via
elbow vein in a pellet manner, SPECT renal dynamic imag-
ing was performed immediately. The acquisition conditions
were: LEHR, peak 140 keV, window width 20%, matrix 64
× 64, acquiring 30 frames at the speed of 1 frame/2 s first,
and then making an acquisition at the speed of 1 frame/60 s.
The total acquisition time was 20 min. Full and blank needle
radioactive counts were measured and recorded before and
after acquisition respectively to calculate radioactive counts
in the human body. After acquisition, SPECT software kit
was used to process images and calculate GFR of bilateral
duplex kidneys by means of Gates method. GFR value was
corrected by BSA, with the unit set as ml/(min·1.73 m2).

2.6 Safety evaluation of contrast media
The safety of contrast media was evaluated according to the
modified Hartwing severity grading standards:[6] Grade 1:
mild adverse drug reactions and diseases, which were no
need to be treated; Grade 2: transient impairment to patients,
which needed some interventions such as drug withdrawal
of suspicious drugs, without other treatments or (prolonged)
hospitalization; Grade 3: transient impairment to patients,
which needed some interventions such as drug withdrawal

of suspicious drugs or other treatments, without (prolonged)
hospitalization; Grade 4: patients had to be hospitalized or
had to prolong the hospital stay for no less than 1 d; Grade 5:
patients needed intensive care; Grade 6: permanent impair-
ment to patients; Grade 7: indirectly leading to a patient’s
death; Grade 8: directly leading to a patient’s death.

2.7 Statistical methods
SPSS 22.0 software was applied to statistical processing
and analysis, and the measurement data were represented
by mean ± standard deviation (X̄ ± s). The biases of GFR-
MRI and GFR-SPECT against Ccr value were considered as
the mean differences of GFR-MRI and GFR-SPECT from
Ccr value; the precision was the standard deviation (SD)
of the bias; 30% and 50% accuracy was the percentage of
GFR-MRI and GFR-SPECT in the range of 30% and 50%
of Ccr value. Pearson correlation analysis and Bland-Altma
were used to analyze the correlation and the consistency of
GFR-MRI and GFR-SPECT with Ccr value. The difference
(p < .05) was of statistical significance.

3. RESULTS

3.1 The biases of GFR-MKI and GFR-SPECT against
Ccr value, precision and accuracy

The bias of GFR-MRI against corrected Ccr value was higher
than that of GFR-SPECT against corrected Ccr value. In ad-
dition, 30% and 50% accuracy of GFR-MRI was also higher
than that of GFR-SPECT. The difference was of statistical
significance (p < .05). See Table 1 for details.

3.2 The correlation analysis of GFR-MRI and GFR-
SPECT to Ccr value

Pearson correlation analysis was used to analyze the corre-
lation of GFR-MRI and GFR-SPECT to Ccr value, and the
results showed that both GFR-MRI and GFR-SPECT were
positively correlated to Ccr value (r = .821, .407, p < .05).

3.3 The consistency analysis of GFR-MRI and GFR-
SPECT with Ccr value

Bland-Altman was used to analyze the consistency of GFR-
MRI and GFR-SPECT with Ccr value. The result showed
that 95% confidence interval of GFR-MRI was narrower than
that of GFR-SPECT. See Table 2 for details.

3.4 Safety evaluation
The results of safety evaluation showed that there were 2
out of 70 cases of patients who developed Grade 1 adverse
reaction, accounting for 2.86%; patients had no Grade 2-8
adverse reactions.
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Table 1. The biases of GFR-MRI and GFR-SPECT against Ccr value, precision and accuracy (n = 70)
 

 

Indexes 
Measurement Value 
[ml/(min·1.73 m2)] 

Bias [ml/(min·1.73 m2)] 
Precision 
[ml/(min·1.73 m2)] 

30% Accuracy 
(%) 

50% Accuracy 
(%) 

Ccr 60.64 ± 22.61     

GFR-SPECT 65.33 ± 17.26 4.69 23.58 66.74 73.26 

GFR-MRI 50.43 ± 22.67 -10.21 13.67 83.25 93.47 

Note. GFR-MRI: dynamic contrast-enhanced MRI; SPECT: single-photon emission computed tomography; Ccr: creatinine clearance rate; GFR: glomerular filtration rate. 

Table 2. The consistency analysis of GFR-MRI and GFR-SPECT with Ccr value [ml/(min·1.73 m2), n = 70]
 

 

Indexes Upper Limit Lower Limit 95% Confidence Interval 

GFR-SPECT 55.13 -40.36 95.49 

GFR-DCE-MRI 43.20 -19.15 62.35 

  Note. GFR-MRI: dynamic contrast-enhanced MRI; SPECT: single-photon emission computed tomography; Ccr: creatinine clearance rate; GFR: glomerular filtration rate. 

 

4. DISCUSSION

Since the first renal transplantation was performed in clin-
ical practice in 1954, renal transplantation has become a
conventional treatment for end-stage renal disease, while
surveillance of renal function and timely evaluation of the
anatomical structure of transplant kidney are critical to effec-
tively prolong the survival time of transplant kidney.[7] GFR
is the most direct parameter which can evaluate renal func-
tion, and it is the most sensitive indicator in the evaluation
of renal function.[8] Currently, inulin clearance rate is still
considered as the golden standard in GFR measurement, but
it is only applicable to the experimental study due to its com-
plicated operation. Nevertheless, the conventionally-used
experimental method in the clinical application to measure
creatinine and blood urea nitrogen levels is of a poor sensitiv-
ity. Therefore, inulin clearance rate is not an early indicator
in the evaluation of GFR. In addition, it can not be used
to evaluate the function of unilateral kidney.[9] Currently,
SPECT renal function test is an examination method which
is commonly used to evaluate renal function in the clinical
application and characterized by easy operation, safety and
non-invasiveness.[10] SPECT renal dynamic imaging has a
good accuracy and repeatability in the evaluation of GFR in
live transplant kidney donors. It has become a conventional
examination to evaluate the donor’s renal function before
renal transplantation in the clinical application.[11] However,
SPECT is unable to present the anatomical information of
renal blood vessels and urinary tract.[12] In this research, the
bias of GFR-SPECT against Ccr value is lower than that of
GFR-DCE-MRI, but GFR-SPECT has a greater variation
and a poorer consistency than GFR-DCE-MRI. The probable
causes that lead to this result are that: 1) It is related with the
corrected kidney depth. The corrected kidney depth adopted
in the measurement of GFR by SPECT is an estimated value
of the kidney depth in the normal anatomical position; how-

ever, the depth of iliac fossa and the kidney depth have been
changed after recipients are given renal transplantation, with
a great variation.[13] 2) The transplant kidney is adjacent to
iliac blood vessels and bladder, the contouring of renal ROI
is prone to being affected in the measurement of GFR by
SPECT, resulting in the error.[14]

DCE-MRI is a functional MRI imaging means which is
applied early in the clinical application. It consecutively
acquires dynamic T1 weighted images to contour TDC af-
ter injection of contrast media, and obtains hemodynamic
parameters of tissue and lesion perfusion by utilizing differ-
ent mathematic models.[15] After DCE-MRI renal examina-
tion, the information on blood perfusion and filtration rate
in unilateral kidney can be obtained by employing image
processing to available proper models.[16] In comparison
with SPECT, DCE-MRI can clearly present two-dimension
and three-dimension anatomical images of blood vessels and
tissues peripheral to transplant kidney. It can effectively elim-
inate the effects brought by blood vessels and bladder in GR
measurement of transplant kidney.[17] In addition, DCE-MRI
has a greater accuracy in contouring ROIs of renal cortex
and medulla in transplant kidney. The calculation of GFR
is not affected by the kidney depth, so that it can more ac-
curately measure GFR.[18] In this research, GFR-DCE-MRI
has a high correlation and consistency with Ccr value, which
conforms to the results in previous researches.[19] However,
the bias of GFR-DCE-MRI against Ccr is greater than that of
SPECT against Ccr value, and the deviation may result from
GFR calculation model adopted in the measurement by DCE-
MRI. The greatest advantage of the simplified 2C model is
that it is not necessary to measure arterial input function,
which is beneficial to the improvement of repeatability and
stability for the measurement. However, this model assumes
the input cavity is renal cortex, but the volume of proximal
tubule in renal cortex is not taken into account, and the effects
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brought by the output of renal tubule in the output cavity of
renal medulla and the exosmosis of contrast media to renal
interstitium are ignored, resulting in the above-mentioned
error.

The safety of contrast media is critical in the imaging ex-
amination.[20] Some reports[21] have indicated that contrast
media of DCE-MRI, Gd-DOTA, has a low rate of adverse
reactions and a high safety in the clinical application. In this
research, there were only two cases of patients with Grade
1 adverse reaction (mild rash), which resulted from a small
dose of Gd-DOTA and were improved without any treat-
ments. It is indicated that a small dose of Gd-DOTA will not
result in significant adverse reactions and the measurement
of GFR by DCE-MRI has a high safety.

5. CONCLUSION

In comparison with SPECT, DCE-MRI, as a new means in
GFR measurement of transplant kidney, can be used to eval-
uate renal function of transplant kidney by measuring GFR
and provide a new way to the evaluation of renal function of
transplant kidney. In addition, unlike SPECT, DCE-MRI can
better present the anatomical structure of transplant kidney,
blood vessels and urinary tract with no obvious toxic and
side effects. Therefore, DCE-MRI has a high applied value
in the measurement of GFR to evaluate renal function in
renal transplantation in clinical practice.
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