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Abstract
Purpose: Applications of diffusion-weighted magnetic resonance imaging outside the brain have gained increasing 
importance in recent years, and recent studies have shown the usage of diffusion-weighted (DW) imaging in diag-
nosing pyelonephritis based on renal cortical and medullary apparent diffusion coefficient (ADC) values. The aim of 
this study was to assess the validity of DW magnetic resonance (MR) imaging in comparison with contrast-enhanced 
computed tomography (CECT) in diagnosing pyelonephritis. 

Material and methods: A cross-sectional observational study was conducted for a period of six months in a tertiary 
hospital in Coimbatore. All patients with clinical and laboratory diagnosis of acute pyelonephritis, who were referred 
for radiological imaging (CECT), were taken into the study. Out of 112 patients with a clinical and laboratorial 
diagnosis of acute pyelonephritis (APN), who underwent both DW MR and CECT, diagnosis of APN was made in 
100 patients based on CECT, while in 12 cases the investigation (CECT) was negative. Finally, these 100 patients 
were included in the study. The validity of DW MR imaging in diagnosing APN was assessed by deriving sensitivity, 
specificity, and positive and negative predictive value in comparison with CECT findings. 

Results: The validity report of DW MR imaging in the detection of APN showed a very high sensitivity (96-100%) 
and specificity (86-90%) and very low false positives (6-10%) and negatives (< 5%), and it also showed that in the 
areas of affected renal parenchyma ADC values were consistently lower compared to unaffected renal parenchyma. 

Conclusion: Based on the generated hypothesis, DW MR imaging of the kidneys seems to be highly sensitive and 
specific for the detection of focal or diffuse infections within the kidney in comparison with CECT. 
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Introduction 
Urinary tract infection in the form of infection of the kid-
neys is a very common disease which involves either the 
renal parenchyma alone (nephritis) or along with the renal 
pelvis (pyelonephritis) [1]. Both these conditions when left 
untreated can lead to renal scarring, which can finally end 
up with chronic renal failure and hypertension. The diagno-
sis of urinary tract infection is usually made based on clin-
ical presentations like fever and pain over the loin region 

and confirmation by conducting a urine analysis with cul-
ture. After various considerations, a general consensus was 
reached for the definition of “complicated” and “non-com-
plicated” acute pyelonephritis (APN) [2,3]. The radiologists’ 
importance is felt in evaluating high-risk patients and to as-
sess the extent of renal involvement, including the presence 
of abscesses [4]. Contrast-enhanced computed tomography 
(CECT) studies remains the gold standard technique of ra-
diological examination, which typically show perinephric 
stranding, enlarged kidneys, and irregular contrast agent 
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uptake by the affected kidneys [5]. Although contrast-en-
hanced magnetic resonance (CEMR) examination is much 
more accurate, considering its time consumption and the 
diagnostic accuracy of CECT, which is almost in par with 
CEMR imaging, MR studies are rarely performed in the 
acute setting of infectious renal disease [6].

Applications of diffusion-weighted magnetic reso-
nance (DW MR) imaging outside the brain have gained 
increasing importance in recent years. Extracranial ap-
plication of diffusion-weighted imaging has been made 
feasible by a series of technological advances in magnetic 
resonance imaging, which include faster imaging tech-
niques with echo-planar imaging and parallel imaging, 
high performance gradients, phased-array multichannel 
surface coils, and clinical use of higher magnetic field 
strengths [7]. The role of DW imaging in renal imaging 
was mostly used in differentiating benign and malignant 
lesions, but recently the application of DW imaging has 
also been seen outside the oncological arena. Recent stud-
ies have shown the usage of DW imaging in diagnosing 
pyelonephritis based on the renal cortical and medullary 
apparent diffusion coefficient (ADC) values, which were 
found to be lower than those of the unaffected portions 
of kidneys [8-12]. It has been shown that parenchymal 
ADC values in chronic renal failure are significantly low-
er in both the cortex and medulla than the ADC values 
of healthy renal parenchyma [13]. However, most of the 
studies so far conducted on diffusion-weighted MR im-
aging on the renal system used 1.5 T and very few studies 
were conducted with 3.0 T, and so the present study was 
undertaken to assess the efficacy of DW MR imaging in 
diagnosing pyelonephritis with 3.0 T. 

The aim of this study was to assess the validity of DW 
MR imaging in comparison with CECT in diagnosing 
acute uncomplicated pyelonephritis.

Material and methods
A cross-sectional observational study was conducted for 
a period of six months in a tertiary hospital in Coimbatore. 

The study was approved by the institutional Ethics Com-
mittee, and informed consent was obtained from each 
study subject. All patients with clinical and laboratory 
diagnosis of acute pyelonephritis were considered for the 
study. Patients who had contraindications for MR and 
with complicated APN were excluded from the study. 
A total of 112 patients were taken as the study sample, 
and all of these 112 patients were subjected to CECT, in 
which 100 patients the CECT report was suggestive of 
APN – only those 100 were included in our study. All the 
100 patients were subjected to both CECT and DW MR 
imaging. CECT scanning was performed with GE Light 
Speed VCT 64-slice scanner at 120 kvp (rotation time – 
0.8 s, detector coverage – 40.0 mm, helical thickness – 
0.625 mm). Patients were given IV contrast (350 mg) of 
1.5 ml/kg with overall dose ranging from 80 to 100 ml 
and with an injection rate of 3.5 ml/s according to the 
protocol. APN focus was identified as an area of perfusion 
abnormality shown by: 1) wedge-shaped zones of low at-
tenuation usually extending from papilla to renal capsule 
and 2) contrast material staining in the previously hypo-
enhancing zones (characteristic striated nephrogram) at 
2-3 h delayed scans.

Then DW MR 3T images were obtained in axial ori-
entation with routinely used b values of 0/400/800 s/mm2, 
and automated ADC (apparent diffusion coefficient) pa-
rameter maps were generated by the MR systems. TR/TE 
– 6400/72, FOV (mm × mm) – 380 × 308, matrix – 192 
× 125, slice thickness – 4 mm, number slices – 38, ac-
quisition time – 3 min 20 s, parallel imaging – GRAPPA 
2, respiratory control – free breathing, averages – 3, and 
bandwidth (Hz/px) – 1736. DW imaging assessment was 
based on sequences of appearance of inflammatory foci 
as areas of reduced diffusivity with high signal on DW 
imaging and low ADC values compared to normal renal 
parenchyma, and the quantitative assessment was done by 
measuring the ADC by placing circular ROI in the patho-
logical renal parenchyma. 

All data were entered and analysed using SPSS version 
24. The validity of DW MR imaging in diagnosing APN 
was assessed by deriving sensitivity, specificity, and pos-
itive and negative predictive values in comparison with 
CECT findings. 

Results
The demographic details of the study subjects show that 
the majority of them are females with a male:female ra-
tio of 0.72:1, and most of them were in the age group 
between 50 and 70 years with a mean age of 55 and 50 
years among males and females, respectively (Table 1). 
As already described in the methodology, all the patients 
with acute pyelonephritis were subjected to both CECT 
and DW MR imaging, most of the infected foci that were 
picked up by CECT were also identified by DW MR imag-
ing, all the three poles of both right and left kidneys were 

Table 1. Age and gender distribution of the study subjects 

Age group Gender, n (%) Total, n (%) p value

Male Female

< 20 0 2 (3.5) 2 (2) 0.214

20-30 4 (9) 10 (17.8) 14 (14)

31-40 7 (15.9) 4 (7.1) 11 (11)

41-50 12 (27.2) 11(19.6) 23 (23)

51-60 8 (18.1) 16 (28.5) 24 (24)

61-70 10 (22.7) 10 (17.8) 20 (20)

> 70 3 (6.8) 3 (5.3) 6 (6)

Total 44 (100) 56 (100) 100 (100)

Mean ± SD 50 ±13.5 48.5 ±16.1
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equally affected, and there was no statistical significant 
difference in identification of APN between CECT and 
DW MR imaging (Table 2). The validity of DW MR imag-
ing in detecting APN was assessed by deriving sensitivity, 
specificity, positive and negative predictive values, and 
percentages of false positive and false negative. A new-
er diagnostic technique is considered to be highly valid 
when its sensitivity, specificity, and positive and negative 
predictive value is more than 90% and the percentage of 
false positive and negative is less than 10%. The validity 
report of DW MR imaging shows a very high sensitivity 
(96-100%) and specificity (86-90%) and a very low false 
positives (6-10%) and negatives (< 5%) (Table 3). The de-
tection of APN by CECT images and its corresponding 
ADC mapping by DW MR imaging is shown in Figure 1, 

he detection of renal abscess is seen in Figure 2, and the 
DW imaging sequence of all three poles in a case of acute 
pyelonephritis is shown in Figure 3. It was clearly shown 
that the areas of affected renal parenchyma ADC value 
in mm2/s was found to be consistently lower. The ADC 
value of the affected foci ranged between 1143.30 and 
1309.81 (10-6 mm2/s) (Table 4). In our study we had nine 
patients with renal abscess, and these abscesses were eas-
ily detected on DW MR imaging, especially with higher  
b values. The ADC values in kidney abscesses were lower 
than the APN lesions. ADC values in the abscessed area 
ranged from 651.51 to 943.45 × 10-6 mm2/s. The ADC in 
the non-affected renal parenchyma consistently ranged 
between 1900 ±200 × 10-6 mm2/s in all the patients includ-
ed in our study, which was reaffirmed by other studies,  

Table 2. Detection of acute pyelonephritis by CECT and DW MR imaging 

Imaging technique Right kidney (n = 100) Left kidney (n = 100)

Upper Middle Lower Upper Middle Lower

CECT 54 44 50 56 60 46

DW MR 52 44 48 54 58 46

p value 0.981 1.000 0.923 0.931 0.918 1.000
CECT – contrast-enhanced computed tomography, DW MR – diffusion-weighted magnetic resonance, p value derived by applying c2 test

Table 3. Validity of DW MR imaging in comparison with CECT in detection of APN 

Site of APN Sensitivity Specificity Positive  
predictive value

Negative 
predictive value

Percentage  
of false positive

Percentage  
of false negative

Right upper pole 96.6% 88.9% 89.6% 95.2% 10.3% 4.7%

Right middle pole 100% 90.2% 88% 100% 12% 0%

Right lower pole 96% 92% 92.3% 95.8% 7.6% 4.1%

Left upper pole 96.4% 89.6% 90% 95% 10% 5%

Left middle pole 96.6% 90% 93.5% 94.7% 6.4% 5.2%

Left lower pole 100% 90.2% 88.4% 100% 11.5% 0%
APN – acute pyelonephritis, CECT – contrast-enhanced computed tomography, DW MR – diffusion-weighted magnetic resonance.

Figure 1. A) Contrast-enhanced computed tomography shows areas of reduced attenuation (arrow) during the nephrographic phase on left side. B) Corre-
sponding ADC map appear hypointense (arrow) (mean ADC of the infected foci is 1173 × 10-6 mm2/s)

A B
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Figure 2. 43-year-old patient with acute pyelonephritis (APN). Small 
non-enhancing hypo density (arrow – no significant change in HU) is seen 
in the posterior cortex of left midpole region (arrow) – suggestive of renal 
abscess (A – plain, B – arterial phase, C – venous phase). On axial diffu-
sion-weighted imaging of the same patient the lesion appears progressively 
hyperintense with increasing b values (D, E, F, respectively). Apparent dif-
fusion coefficient map (G) demonstrates hypointense signal with markedly 
decreased ADC values as compared to the APN lesions (mean ADC in the 
lesion measures ADC of 669 × 10-6 mm2/s)
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Figure 3. Acute right pyelonephritis. Axial diffusion-weighted (DW) imaging sequences at three levels (A, B – upperpole, C, D – midpole, E, F – lower 
pole) in the right kidney reveal heterogeneously hyperintense lesions with corresponding hypointense signal in ADC map. The mean ADC of one of the 
inflammatory foci (arrows) in midpole is 1355 × 10-6 mm2/s (D). The involvement of lower pole in this patient was subtle on contrast-enhanced computed 
tomography but obvious on DW imaging
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C

E

B
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Table 4. Mean, SD, and 95% CI of ADC values of the infected foci represented 
in 10-6 mm2/s

Parameter Mean SD 95% CI p value

Right upper pole 1245.52 118.84 1215.26-1276.18 < 0.0001

Right middle pole 1255.44 125.26 1221.18-1289.87

Right lower pole 1231.45 91.58 1206.45-1255.78

Left upper pole 1217.34 89.24 1196.89-1239.72

Left middle pole 1202.77 97.53 1178.54-1224.56

Left lower pole 1225.44 104.18 1197.08-1254.19 

Normal value 1900 200 –

and a statistically significant difference (p < 0.05) was ob-
served in the ADC values between normal and affected 
renal parenchyma (Table 4). 

Discussion 
Acute pyelonephritis is one of the most common urologi-
cal diseases, which, when left undiagnosed, leads to severe 
complications like CRF. This is where imaging plays a vital 
role and is needed to assess the severity of kidney involve-
ment and to plan the further course of therapy.

Both CT and MR imaging provide excellent image 
quality, which helps in the diagnostic work-up of renal 
infections. Imaging of the kidneys is challenging because 
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not all patients can undergo contrast-enhanced examina-
tions. Administration of contrast medium is limited to 
patients who have normal renal function. A well-known 
complication in patients with impaired renal function 
who are subjected to CECT is contrast-induced nephrop-
athy. Also, because of the reports on nephrogenic system-
ic fibrosis in recent years, contrast medium administra-
tion for MR imaging must also be avoided in this patient 
group. This is where the non-invasive DW MR imaging 
plays a pivotal role in eliminating the risk associated with 
contrast agents [14].

Many of the latest studies have shown the role of DW-
MRI in the assessment of various renal diseases (that in-
cludes renal ischaemia, pyonephrosis, and diffuse renal 
disease), its role in the diagnosis and follow-up of the 
APN is increasing. A noticeable characteristic of DW im-
aging is that in the source data with high b values (i.e.  
b = 800 s/mm²) even the smallest foci of infection are dis-
played with high lesion-to-background contrast [15-20]. 
This high conspicuity of inflammatory changes in combi-
nation with the assumed high sensitivity could foster the 
use of DW imaging as a primary tool for workup of com-
plicated patients or patients with impaired renal function. 

The validity of DW MR imaging in our study showed 
a very high sensitivity and specificity with a very low per-
centage of false positive and false negative. The potential 
reason for the few false positives in the study is that the 
hyperintense signal detected on DW MR imaging may 
represent persistent moderate inflammatory events of 
varying severity, which might have gone undetected by 
CECT. A study conducted by Vivier et al. compared DW 
imaging with gadolinium-enhanced T1-weighted imaging 
among paediatric patients with suspicion of APN, and the 
results proved that DW imaging provided comparable re-
sults to gadolinium-enhanced T1-W MR imaging in diag-
nosis of acute pyelonephritis, and so the contrast medium 
injection could be effectively avoided [21]. Another study 
done by Henninger et al. on the value of DW MR imaging 
for the detection of nephritis on 21 patients showed that 
DW imaging of the kidneys seems to be highly sensitive 
for the detection of infections within the kidney [22].

The diffusion restriction in DW imaging can be abso-
lutely quantified by means of the ADC. This is routinely 
done in oncological imaging in order to investigate the 
malignant potential of the tumour. In this study ADC val-
ues of infected renal tissue were significantly lower than 

the ADC values of healthy renal tissue. Hence, a safe differ-
entiation of infection from malignant tumours with atypi-
cal infiltrative growth pattern such as transitional cell car-
cinomas does not seem feasible based on the ADC values 
only, which is one of the limitations of DWI MR imaging. 
This can be overcome by incorporating the T2 HASTE se-
quence to rule out any gross structural pathologies. 

Computed tomography of infectious renal disease 
is still the mainstay of imaging in radiology. There is 
a wealth of knowledge on CT appearances of various rare 
renal disease conditions such as papillary necrosis or em-
physematous pyelonephritis and xanthogranulomatous 
pyelonephritis. While these conditions might also be de-
tected on MR imaging, the detectability of air and cal-
cifications is much higher in CT [23]. In particular, the 
potential to display renal calculi with high accuracy and at 
low radiation dose triggers a large amount of CT exams of 
the urogenital system [24]. Apart from availability, which 
is still limited for MR imaging at many sites, the clinical 
questions regarding “urolithiasis” and “gas-forming infec-
tion” will further require a CT study to be performed.

Conclusions 
Based on the hypothesis-generated DW MR imaging of 
the kidneys seems to be highly sensitive and specific for 
the detection of focal or diffuse infections within the kid-
ney in comparison with CECT, with an added advantage 
of not using ionising radiation or contrast media. This is 
especially useful in paediatric patients, pregnant women, 
patients with impaired renal function, and patients with 
previous allergic history to contrast with clinical suspicion 
of APN. Through the present study we can recommend 
an MRI protocol for acute pyelonephritis, which would 
be of two components: a) T2 HASTE – to rule out any 
gross structural abnormalities and b) DW MR imaging 
with ADC to look for infectious foci. This protocol has 
the possibility to make MR imaging cheaper and less time 
consuming in this setting, which could revolutionise diag-
nostic imaging in the evaluation of APN. However large-
scale prospective studies are warranted to further establish 
the role of DW imaging in diagnosing APN. 
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