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Abstract
Aims  This study aims to evaluate the (a) accuracy of conventional and diffusion-weighted-imaging (DWI) sequences in the 
diagnosis of acute pyelonephritis and (b) minimum apparent diffusion coefficient (ADC) values for the diagnosis of acute 
pyelonephritis and the differentiation of renal abscesses from acute pyelonephritis.
Materials and methods  Ultrasound, conventional MRI sequences, and DWI were used to evaluate the kidneys in 68 patients 
suspected to have acute pyelonephritis. Multiple similar regions of interest (ROIs) were placed over the renal parenchyma 
with visually identifiable diffusion restriction, over the non-diffusion-restricted renal parenchyma of affected kidneys and 
over the normal kidneys. Corresponding minimum ADCs were noted for analysis. Pyelonephritis was confirmed based on 
clinical criteria, laboratory findings, and by resolution/development of known complications of pyelonephritis.
Result  DWI showed the highest sensitivity(100%), while DWI read with T2-weighted imaging (both being positive) showed 
the highest specificity(100%) for the diagnosis of acute pyelonephritis in our population with a high baseline creatinine. 
The minimum-ADC of the nephritic diffusion-restricted area in patients with confirmed pyelonephritis was significantly 
lower than the minimum-ADC in patients without pyelonephritis [(0.934 ± 0.220, mean ± SD) vs (1.804 ± 0.404) × 10−3 s/
mm2] (p < 0.001). ROC cut-off of minimum-ADC for the diagnosis of acute pyelonephritis was 1.202 × 10−3 s/mm2 (area 
under curve 0.978). The minimum-ADC of the abscesses were significantly lower when compared to the minimum-ADC of 
the nephritic diffusion-restricted portion of the same kidney [(0.633 ± 0.248) vs (0.850 ± 0.191) × 10−3 s/mm2] (p < 0.001).
Conclusion  DWI is an excellent stand-alone imaging tool that can be combined with conventional sequences for the diagnosis 
of APN even in patients with high serum-creatinine or other contraindications to intravenous contrast. Further, ADC values 
can be used to differentiate between renal abscesses and uncomplicated pyelonephritis.
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Introduction

Pyelonephritis, a renal infection of the parenchyma and pel-
vicalyceal system, has an annual worldwide incidence of 
about 10.5–26 million cases with a mortality rate of 7.3 to 
16.5 deaths per 1000 patients [1–3]. Higher mortality rates 
are seen in diabetics, pregnant patients, and the immune-sup-
pressed [1]. Imaging demonstrates the extent of the disease 
and identifies complications like papillary necrosis, abscess 

formation, and ureteric obstruction [4, 5]. Early diagnosis of 
this condition is important as it permits institution of early 
treatment and prevents complications.

Urine analysis and culture is the basis for diagnosing uri-
nary tract infections (UTI) including acute pyelonephritis 
(APN). Biochemical tests have a sensitivity between 75 and 
84% and a specificity between 82 and 98% for the diagnosis 
of UTI [3]. Clinical diagnosis of APN is suspected by signs 
of systemic inflammation like fever, chills, or malaise, with 
urinary frequency, urgency or dysuria, plus localizing signs 
of flank pain and tenderness. Urine culture is the cardinal 
confirmatory diagnostic test [1]. Uncertainties exist regard-
ing the most cost-effective imaging strategies and appro-
priate treatment for patients with clinical pyelonephritis 
but non-confirmatory urine cultures [1]. Renal dysfunction 
may act as a confounding factor in the diagnosis of APN by 
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reducing apparent-diffusion-coefficient (ADC) values [6]. 
This is postulated to be due to reduced perfusion, as well 
as due to reduced water diffusion due to underlying condi-
tions like glomerulo-sclerosis, tubular atrophy, and intersti-
tial fibrosis. Generally, ADC values in renal dysfunction are 
lower than 2.0354 (× 10−3 mm2/s) [6].

The authors conducted this study in a population with 
renal dysfunction as seen by the high mean creatinine among 
the study subjects. In our study, the authors included patients 
referred for imaging with a strong clinical suspicion of 
pyelonephritis who could not receive intravenous contrast. 
Previous studies were not conducted in study populations 
with a high serum creatinine. This study aimed to prove 
that diffusion-weighted imaging (DWI) has a high sensi-
tivity and specificity for the diagnosis of APN, even in a 
population with renal dysfunction. However, the authors do 
express expected limitations of absolute ADC values given 
the variability between scanners and technique.

Aims and objectives

a)	 To evaluate the accuracy of conventional and diffusion-
weighted sequences in the diagnosis of APN,

b)	 To evaluate the minimum-ADC values in the diagnosis 
of APN and in the differentiation of renal abscesses from 
APN.

Materials and methods

This prospective study was conducted on patients referred 
for MRI with a strong clinical suspicion of APN at a medical 
college hospital, after obtaining institutional ethics commit-
tee approval. Patients who did not undergo contrast enhanced 
CT imaging because of renal dysfunction or due to concerns 
about radiation were included. Exclusion criteria included 
patients with (a) prior surgical procedures on the kidney, 
(b) ureteric calculi on screening ultrasound, (c) congenital 
abnormalities of the kidney, (d) administered antibiotics 
before urine culture and (e) Emphysematous pyelonephritis.

Screening ultrasound was done using a convex probe of 
2–5 MHz frequency on a GE Voluson 730 machine. Fea-
tures like bulky kidney, perinephric free fluid, and renal 
parenchymal hypoechogenicity/hyper-echogenicity were 
considered to arrive at the diagnosis of pyelonephritis. 
After an initial ultrasound, axial and coronal conventional 
sequences and DWI were acquired on a 1.5 T MRI scan-
ner (Signa HDxt® 1.5 T MRI scanner, GE Medical Sys-
tems). T2-FSE (TR-2330 ms, TE-87.86 ms, slice-thickness 
4 mm, ET-1, matrix size-192 × 288, 320 × 224), T1-FSE 

(TR-7.62 ms, TE-4.20 ms, slice-thickness 4 mm, ET-1, 
matrix-size 192 × 288, 320 × 224), and FIESTA FAT-
SAT images (TR-3.60 ms, TE-1.55 ms, slice-thickness 
8  mm, ET-1, matrix-size 192 × 288, 320 × 224) were 
acquired in an axial and coronal plane. DWI (TR-6250 ms, 
TE-93.50 ms, slice-thickness 8 mm, ET-1, matrix-size 
128 × 128) was acquired as a non-breath hold, single-shot-
echo-planar-sequence with b = 0.800 s/mm2.

A radiologist with 4 years’ experience read the images 
in consensus with a radiologist with 13 years’ experience. 
In case of a discrepancy, the opinion of a radiologist with 
25 years of experience was considered. The T2-weighted 
and DWI images were initially read independently of each 
other in that order (being blinded to the other sequence) 
and later together. The reader was blinded to the clinical 
details at the time of all the reads. The independent reading 
of DWI was for the evaluation of the fast DWI sequence 
solely as a screening tool — an approach to imaging that 
may be of use in a high volume emergency setting. Patients 
with T2 hyper-intensity of the renal parenchyma with/
without features like perinephric free fluid were said to 
have pyelonephritis on T2-weighted imaging. Patients who 
showed renal parenchymal hyper-intensity on DWI with 
corresponding hypo-intensity on ADC images (true diffu-
sion restriction) were said to have pyelonephritis on DWI. 
Analysis of the DWI sequence by definition includes the 
review of ADC images.

Minimum ADC was chosen as the parameter for analy-
sis — this was chosen as a very sensitive parameter to 
detect the area of highest diffusion restriction. Fifteen 
ROIs (regions of interest) were placed over the region of 
diffusion restriction in the nephritic kidney. In the evalu-
ation of minimum-ADC for APN alone, the ROIs were 
placed well away renal abscess during the evaluation. As 
far as possible, the ROIs were placed at the approximate 
junction of the renal cortex and medulla, always avoiding 
the edge of the kidney or the hilum. This was recorded as 
the minimum-ADC of the nephritic kidney.

Fifteen ROIs were placed over the normal kidney, 5 
at each pole, and the minimum ADC thus obtained was 
recorded as the minimum-renal parenchymal ADC of the 
normal kidney.

In those patients with renal abscesses, the ADC of 
the renal abscess was derived by placing 15 ROIs over 
the region corresponding to the collection on conven-
tional T2 FSE sequences. The edges of the abscess cavity 
were avoided during this evaluation. The minimum ADC 
thus obtained was recorded as the minimum-ADC of the 
abscess cavity.

Pyelonephritis was confirmed based on clinical crite-
ria, laboratory findings, and by resolution/development of 
known complications of pyelonephritis as detailed below.

The diagnosis of APN was said to be confirmed if.
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a)	 Urine pus cells or cultures were positive, with a positive 
nitrite or leucocyte esterase test with presence of clinical 
symptoms of fever, costovertebral-angle pain, nausea, 
and vomiting with systemic features like an elevated 
CRP or an elevated WBC count

and

b)	 If there was resolution of symptoms and imaging find-
ings after antibiotic treatment or if sequelae of pyelone-
phritis were present on follow up imaging.

Contrast-enhanced studies were not used as a gold stand-
ard confirmatory test in our population with a high mean-
creatinine because of the high risk of nephrogenic systemic 
fibrosis or contrast induced nephropathy. In our institution, 
for patients with eGFR < 30, type 2 contrast agents would be 
administered only if it potentially changed management and 
was unavoidable — with a high benefit to risk ratio.

With the above criteria in mind, 68 patients were included 
in this study with 2 patients excluded because of loss to fol-
low up. Sixty-six patients (132 kidneys) were analyzed of 
which there were 44 males and 22 females. No patient had 
unilateral kidneys. Thirty-one patients had unilateral, and 
11 had bilateral pyelonephritis (53 kidneys). Twenty-two 
patients were confirmed to have no pyelonephritis.

Sensitivity, specificity, negative predictive value (NPV), 
and positive predictive value (PPV) were calculated for 
ultrasound imaging, T2-weighted imaging alone, DWI-
imaging alone, and for DWI read with T2-weighted images. 
Pearson’s chi-square test was applied to assess the signifi-
cance of DWI, T2 imaging, and DWI + T2 imaging in the 
diagnosis of APN. Furthermore, the sensitivity and specific-
ity of variables like perinephric free-fluid and bulky kidney 
on MRI were assessed for the diagnosis of APN.

The minimum-ADC of the parts of the kidney affected 
by uncomplicated pyelonephritis, the minimum-ADC in 
patients with renal abscesses, and the minimum-renal paren-
chymal ADC of normal kidneys were compared. Two-tailed 
t-test was applied to assess significance of minimum-ADC 
value in the diagnosis of APN. Graph of sensitivity vs 
1-specificity was plotted to determine the ROC cut-off for 
the diagnosis of APN. Significance was assessed by using 
a 2-tailed t-test.

Results

The mean age of the study subjects was 49.8 years (SD 
13.5 years). Mean serum creatinine among those with pye-
lonephritis was 3.709 mg/dL (SD 2.880 mg/dL) and those 
without pyelonephritis was 4.165 mg/dL (SD3.364 mg/dL). 

There was no significant difference in the mean of the serum 
creatinine levels between the two groups (t-test).

The most common microorganisms causing pyelonephri-
tis were E coli, Candida, and Pseudomonas with relative 
frequencies as shown in Table 1. Three patients had pol-
ymicrobial infection which involved E. coli with one of the 
other organisms.

Of the 42 patients with APN, 25 (60%) had diabetes. Six 
of these diabetic patients had bilateral pyelonephritis, and no 
other underlying cause was detected for the renal infection in 
these patients. Of the remaining 24 patients who did not have 
pyelonephritis, 11 patients (46%) had diabetes. APN in 21 
patients was attributed to diabetes (including 6 patients with 
bilateral pyelonephritis), 5 patients had a ureteric stricture, 
3 patients had PUJ obstruction, and 2 patients were immu-
nosuppressed due to HIV infection.

Twelve patients presented with renal abscesses, and 1 
patient had 3 renal abscesses. In the patient with 3 renal 
abscesses, the abscess with the minimum ADC value was 
included in the analysis. Twenty-eight kidneys had features 
of or developed papillary necrosis despite treatment.

Visually detected bulky kidneys were found to have a 
much higher specificity and positive predictive value for 
the diagnosis of APN when compared to perinephric free 
fluid. However, both the variables had a low sensitivity and 
negative predictive value (Table 2). Table 3 shows the sig-
nificance of different MRI sequences in differentiating APN 
from normal kidneys.

Among the MRI sequences, the highest sensitivity and 
NPV were seen with DWI alone or when DWI was read with 
T2-weighted images (hyper-intensity present on T2 weighted 

Table 1   Distribution of micro-organisms causing pyelonephritis

Microorganism Number Percentage

E coli 27 64.3
Klebsiella 2 4.8
Pseudomonas and non-fermenting GNB 3 7.1
Proteus 1 1.4
S. aureus 1 1.4
Candida 4 9.5
E faecalis, Citrobacter, and other urethral 

flora (not mentioned above)
5 11.9

Culture negative acute pyelonephritis 2 4.8

Table 2   Statistical indices of selected imaging features in the diagno-
sis of acute pyelonephritis

Variable Sensitivity NPV Specificity PPV

Perinephric free fluid 51 71 81 64
Bulky kidney 59 77 93.6 86
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images or DWI). The addition of T2-weighted images to 
DWI resulted in a slight decrease in the specificity and PPV 
of the test. However, when both T2-weighted and DWI had 
to show hyper-intensity (true restriction) for the diagnosis 
of APN, the specificity and PPV rose to 100% with a drastic 
reduction in the sensitivity and the NPV (Table 4).

In kidneys affected by APN, the mean of the mini-
mum-ADC 0.934 × 10−3 s/mm2, SD 0.220 × 10−3 s/mm2 
(n = 53), was found to be lower than kidneys without 

APN 1.801 × 10−3 s/mm2, SD 0.404 × 10−3 s/mm2 (n = 79) 
(p < 0.001). ROC cut-off value of minimum-ADC for APN 
was 1.202 × 10−3 s/mm2 with a sensitivity of 95% and a 
specificity of 88.7% (Fig. 1; AUC of 0.978).

In kidneys with a renal abscess, the mean of the mini-
mum-ADC from the abscess was 0.633 × 10−3 s/mm2, SD 
0.248 × 10−3 s/mm2 (n = 12) which was significantly lower 
when compared to the non-abscess nephritic parts of the 
same kidney 0.850 × 10−3 s/mm2, SD 0.191 × 10−3 s/mm2. 
The mean of the minimum ADC was significantly lower in 
kidneys with renal abscesses when compared to (a) kidneys 
with only APN (p < 0.001) or (b) normal kidneys (p < 0.001).

Discussion

The role of imaging in APN is to demonstrate nature and 
extent of disease and to reveal complications like abscesses, 
pyonephrosis, and obstruction [4, 5]. MRI demonstrates 
complications like (a) obstruction, which may be second-
ary to papillary necrosis, (Fig. 2) (b) abscess formation, 
(Fig. 3) and (c) pyonephrosis [4, 7, 8]. Late complications 
like stricture formation and chronic pyelonephritis can also 
be diagnosed [9]

To the best of our knowledge, this is the first study where 
plain MRI without CECT or CEMR was used for the diag-
nosis of APN in a population of patients with high serum 
creatinine. In previous studies, either serum creatinine has 
not been significantly elevated or has been undocumented 
at the time of presentation [10–12]. In our study, the mean 

Table 3   Significance of association between the MRI sequences used 
and the diagnosis of acute pyelonephritis

Association of sequence with diagnosis of acute pyelone-
phritis (Pearson`s chi square test)

P value

DWI  < 0.001
T2  < 0.001
T2 + DWI  < 0.001

Table 4   Statistical indices of selected sequences or modality in the 
diagnosis of acute pyelonephritis

Variable Sensitivity NPV Specificity PPV

Ultrasound 45.3 71.2 91 77.4
T2 weighted sequence 69.8 82.4 94.9 90.2
DWI 100 100 97.5 96.4
T2 or DWI positive 100 100 94.9 93
T2 and DWI positive 69.8 83.2 100 100

Fig. 1   ROC curve of sensitivity 
vs (1-specificity) for the diagno-
sis of acute pyelonephritis with 
AUC of 0.978
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creatinine of patients was high in both the pyelonephritic 
(4.06 ± 0.325  mg/dL) and non-pyelonephritic group 
(3.735 ± 0.446 mg/dL) with no significant statistical differ-
ence. This was likely since the patients referred for MRI 
per our inclusion criteria could not undergo a contrast study 
because of a high baseline creatinine. Renal dysfunction 

evidenced by increased creatinine was also found to inde-
pendently decrease the ADC value, thus acting as a con-
founding factor [6, 11, 13–17]. In a study by Yalçin-Şafak 
et  al., the authors found that ADC values of less than 
1.151 × 10−3 s/mm2 correlated strongly with chronic kid-
ney disease of stage 3 and above [13]. The minimum ADC 

Fig. 2   a–d A 41-year-old diabetic, with known chronic kidney dis-
ease presented with fever, chills, burning micturition, and flank pain. 
This patient had previously successfully undergone a pyeloplasty for 
PUJ obstruction. Coronal T2-w images of both the kidneys do not 
show abnormal T2 hyper-intensity. DWI shows diffusion restriction 
of the mid-pole of the left kidney and adjacent spleen (curved arrow). 
These features were suggestive of an acute pyelonephritis due to 

extension from a splenic abscess. Axial DWI shows diffusion restric-
tion of the calyces of the right kidney representing “the ischemic 
phase” of papillary necrosis (arrow-head). d Follow-up MR urogram 
for a recurrence of flank pain after 4 months showed bilateral hydro-
nephrosis and calyceal filling defects indicating frank papillary necro-
sis

Fig. 3   a–c An 80-year-old non-diabetic female patient presenting 
with features of right flank pain and fever. T2 hyper-intensity of the 
mid and lower pole of the right kidney (small arrows) represents 
renal parenchymal edema. Figure 3 b shows an axial T2-w image of 

the right kidney with heterogeneous T2 hyper-intensity and a small 
perinephric fluid collection (long arrow). Figure  3 c shows diffu-
sion restriction of the kidney and the perinephric collection (curved 
arrows) indicating pyelonephritis with a perinephric abscess
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value of 0.934 × 10−3 s/mm2, SD 0.220 × 10−3 s/mm2 seen in 
pyelonephritis is 1 standard deviation below the mean ADC 
cut-off value of 1.151 × 10−3 s/mm2 seen in chronic kidney 
disease without acute pyelonephritis reported by Yalçin-
Şafak et al. Though we do not have minimum-ADC values in 
renal dysfunction reported in literature for comparison, the 
authors believe that there could be significant overlap in the 
minimum ADC range of renal dysfunction and pyelonephri-
tis. The caveat is that the ADC values are dependent on the 
scanner and show significant variability. Further, in a study 
on comparison of DWI with split-glomerular filtration rate, 
Xu et al. showed that impaired kidneys show lower ADC 
[14]. This was supported by a study on hydronephrotic kid-
neys by Toyoshima et al. [16]. Thoeny et al. in a case–con-
trol study showed that diffusion restriction is seen both in 
APN and in dysfunctional kidneys [15]. Our study, being 
conducted in a population with a high mean creatinine, can 
be used to validate the use of MRI with DWI, thus avoiding 
intravenous contrast for diagnosis of APN in patients with 
renal dysfunction.

The pathological definition of APN emphasizes the reli-
ance on imaging or biopsy to demonstrate the presence of 
nephritis. Alternately, the clinical case definition uses clini-
cal features, laboratory, and microbiological data [10]. The 
pathological gold standard is to demonstrate poorly enhanc-
ing areas of the renal parenchyma. However, the inability 
to use intravenous contrast resulted in the reliance on the 
clinical definition of pyelonephritis [18].

Ultrasound showed a sensitivity of about 45%, specificity 
of 91%, and a PPV of 77% for the diagnosis of APN in our 
study. A study by Nickavar et al. showed a lower sensitivity 
and specificity of 34% and 53%, respectively [19]. Previous 
studies have shown that ultrasound demonstrated abnormali-
ties only in 20–24% of patients with pyelonephritis [20, 21]. 
The higher sensitivity and specificity was probably because, 
in our study, ultrasound was performed by a doctor who was 
not blinded to the clinical findings and the lab reports, which 
enabled a better diagnostic yield. Among the findings of 
perinephric free-fluid, bulky kidney and focally altered echo-
genicity, at least one finding was necessary to diagnose APN 
on ultrasound. The high index of suspicion in our screened 
patients may have contributed to the higher sensitivity and 
specificity in our study.

The authors found that DWI and T2-weighted imaging 
read independently or together were significant in differenti-
ating kidneys with and without pyelonephritis (Fig. 4). This 
significance was supported by multiple studies [11, 12, 22]. 
The sensitivity, specificity, PPV, and NPV of T2-weighted 
imaging and DWI individually were found to be superior 
than ultrasound for the diagnosis of APN. The high sen-
sitivity and NPV (both 100%) of MRI was supported by 
a study conducted by Henninger et al., where he used the 
clinical definition to define APN. Here, he showed that all 

patients affected by APN showed signal changes on DWI 
[22]. A study by Rathod SB showed that the sensitivity of 
DWI to detect pyelonephritis was 95.3% [23]. De Pascale 
et al. reported that DWI achieved a sensitivity of 95.2%, 
specificity of 94.9%, a PPV of 96.9%, and a negative pre-
dictive value of 92.3% [12]. Our study showed a margin-
ally higher specificity and a similar PPV which could be 
due to technical advancements since the previous studies. 
Vivier et al. showed that the sensitivity and specificity of 
DWI were 100% and 93.5% [11]. This supports the higher 
sensitivity of DWI derived in our study. The slight differ-
ence in sensitivity, specificity, PPV, and NPV can also be 
attributed to (a) the patient sample with high mean creati-
nine, (b) smaller sample size, and (c) the use of the clinical 
case definition of APN instead of using contrast enhanced 
MRI. T2-weighted imaging had a lower sensitivity and NPV 
of 69.8% and 82.4%, respectively, when compared to DWI. 
Henninger et al. reported that only 14% of patients having 
APN showed obvious T2-weighted signal changes, while 
81% of patients showed subtle increase in parenchymal sig-
nal [22]. This high percentage of subtle signal changes is 
probably responsible for the poorer sensitivity and NPV of 
T2-weighted imaging (Fig. 5). However, in our study, if both 
T2-weighted imaging and DWI were required to be positive 
for the diagnosis of APN, then the specificity and PPV rose 
to 100% at significant cost to the sensitivity and NPV.

DWI and contrast-enhanced MRI show high diagnostic 
agreement in multiple studies [11, 12, 22]. In our study, 
we used the “minimum-ADC” value among the 15 ROIs 
placed instead of using the “mean of the ADC” values. The 
minimum ADC of the diffusion restricted area in patients 
with confirmed pyelonephritis (mean value, 0.934 × 10−3 s/
mm2, SD0.220 × 10−3 s/mm2) was significantly lower than 
the minimum ADC in patients without pyelonephritis 
(mean value (1.804 × 10−3 s/mm2, SD0.404 × 10−3 s/mm2) 
(p < 0.001). These “minimum-ADC” values are similar and 
consistently lower than the “mean ADC” values reported in 
the study by Rathod SB et al., where the authors reported the 
mean ADC of the renal cortical parenchyma in kidneys with 
pyelonephritis, with renal abscesses, and without pyelone-
phritis as (1.30 ± 0.13) × 10−3 s/mm2, (0.77 ± 0.08) × 10−3 s/
mm2, and (2.10 ± 0.4) × 10−3 s/mm2, respectively (23). Fur-
ther, the minimum-ADC of the abscesses in our study was 
significantly lower when compared to the minimum-ADC 
of the diffusion-restricted “nephritic” portion of the same 
kidney. This can be explained by the higher levels of restric-
tion or immobility of water molecules occurring within an 
abscess cavity. Twelve kidneys (22.6%) out of 53 had renal 
abscesses, with one kidney having 3 renal abscesses. A study 
by Rollino et al. reported that 23.5% of their patients had 
renal abscesses, a prevalence rate similar to our study [24. ].

ROC cut-off of minimum-ADC for the diagnosis of APN 
was determined to be 1.202 × 10−3 s/mm2 (area under curve 
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0.978). In a study by Faletti et al., the ROC cut-off of the 
mean-ADC for the diagnosis of APN was 2 × 10−3 s/mm2 
with area under the curve of 0.94 [25]. This ADC cut-off was 
higher than the minimum-ADC cut-off value of our study, 
which is expected, as mean values are larger than minimum 
values.

The non-contrast MRI sequences commonly used for 
the diagnosis of APN are T2-weighted sequences and DWI 
[11, 22]. T2-weighted images detect the renal parenchymal 
edema caused due to infection, while DWI uses the restricted 
free motion of water molecules within a given tissue to 
generate an image [17]. Vivier et al. showed that DWI was 
comparable to gadolinium enhanced MR imaging in the 

diagnosis of pyelonephritis and that along with T2-weighted 
imaging, it formed a comprehensive tool in the evaluation of 
pyelonephritis [11]. These findings are quantitatively proved 
by our study where we used T2-weighted sequences in con-
cert with DWI to reliably diagnose APN without intravenous 
contrast (Fig. 6).

MR imaging findings are similar to CT and include dem-
onstration of renal edema, hemorrhage, renal enlargement, 
abscesses, and perinephric fluid collections. Inflammatory 
lesions and fluid collections follow the intensity of fluid [4]. 
MRI, by virtue of using urine itself as intrinsic contrast to 
image the urinary tract avoids the use of exogenous contrast 
for this purpose, with no administered radiation dose. Thus, 

Fig. 4   a–c A 47-year-old male patient presenting with back pain, 
fever, and chills with a urine analysis showing numerous gram-neg-
ative bacilli. Coronal T2-w images of both kidneys show a subtle T2 
hyper-intensity of the cortex (small arrows) and a well-defined per-
inephric collection (large arrow). DWI shows diffusion restriction of 

the renal parenchyma of both kidneys and the right-sided perinephric 
collection (curved arrows). The blood culture grew E.  coli. A final 
diagnosis of bilateral pyelonephritis with a right perinephric abscess 
was made
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it is a safer modality when compared to CT urogram where 
some renal function must be preserved in order to permit 
excretion of contrast [26–29]. MRI can also be safely used 
in patients with reduced renal function, in pediatric patients, 
women of reproductive age group, and in pregnant patients. 
To establish infection of the renal parenchyma, T2-weighted 
imaging alone was not sufficiently sensitive. The use of DWI 
in concert with T2-weighted imaging enables the diagno-
sis of APN with a high sensitivity and specificity without 
administration of intravenous contrast in a patient sample 
with renal dysfunction. This indicates the robustness of non-
contrast MRI. The authors feel that this modality has been 
under-utilized, probably because of poor resolution in the 

early years of MRI, the time taken to schedule an MRI, and 
the scan time itself.

The ACR appropriateness criteria 2022 update gives 
various scenarios where CT with contrast, CT without 
contrast, MRI with contrast, and MRI without contrast 
may be appropriate. However, they do not consider the 
subgroup of patients with renal dysfunction under the 
scenarios provided [30]. The authors believe that the sub-
set of patients with renal dysfunction must be considered 
under pyelonephritis, complicated patient (Variant 2 in the 
ACR appropriateness criteria). In the ER setting, a screen-
ing MRI of the renal system could be used with the fol-
lowing sequences: T2-FSE in an axial and coronal plane 

Fig. 5   A 62-year-old male patient with left-sided flank pain and 
acute on chronic kidney disease with urine culture showing growth 
of E. coli. a, b Coronal and axial T2-weighted images with left sided 
hydronephrosis and debris within the pelvicalyceal system (small 
arrow). There is no parenchymal T2 hyperintensity. Coronal diffu-
sion–weighted image in c shows intense diffusion restriction (curved 

arrows). Follow-up imaging of this patient after 6 months with axial 
DWI (shown in Fig. 5d) and coronal T2-weighted images (not shown) 
shows significantly reduced diffusion restriction/significant response 
to antibiotics and interval resolution of hydronephrosis. Urine culture 
showed no growth on follow-up
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(TR-2330 ms, TE-87.86 ms, slice-thickness 4 mm, ET-1, 
matrix size-192 × 288, 320 × 224), DWI axial, and coronal 
plane (TR-6250 ms, TE-93.50 ms, slice-thickness 5–8 mm, 
ET-1, matrix-size 128 × 128, b = 0.800 s/mm2) with an added 
MR urogram thick slab sequences + 3-D MRCP sequence 
of the renal system if ultrasound or MRI shows evidence of 
hydronephrosis. *3D magnetic resonance cholangiopancrea-
tography (MRCP) RTr ASSET (TR 3750 ms, TE 383 ms, 
slice thickness 1.6 mm, ET 64, matrix size 256 × 256), thick 
slab MR urogram sequence (TR 2566 ms, TE 1202 ms, slice 
thickness 60 mm, ET 1, matrix size 384 × 256)). The only 
caution for the use of MRI in suspected APN in the ER set-
ting is for the diagnosis of an unsuspected or a small septic 
renal infarct. The differentiation of these renal infarcts from 
APN is especially hard without iv contrast. With contrast 
administration, wedge shaped hypo-perfusion or a cortical 

rim sign (cortical hyper-enhancement) makes the diagnosis 
of a septic renal infarct or an unsuspected incidental renal 
infarct more likely. Low signal on T2 is the only feature on 
non-contrast MRI that favors the diagnosis of a renal infarct 
over pyelonephritis — both show diffusion restriction! [31].

However, this study has a few limitations. We chose to 
manually apply ROIs to mimic how radiologists determine 
ADC values of lesions during reads. Also, there is a vari-
ability in ADC values between scanners and technique; 
each institution may have to tailor their ADC value cut-off 
as per their MRI vendor and scanning protocol. Also, the 
typical Gold Standard of contrast enhanced MRI could not 
be used given the study population; we had to use an alter-
nate gold standard combining clinical features, laboratory 
values, and follow-up imaging.

Fig. 6   A 59-year-old male diabetic patient, who had chronic kidney 
disease secondary to bilateral ureteric strictures presented with bilat-
eral flank pain and fever. Coronal T2-weighted MR images show T2 
hyperintensity at the lower pole of both kidneys (short arrows) with 
bilateral hydronephrosis. Diffusion restriction of the renal paren-
chyma on both sides (curved arrows) is seen. Coronal 3D MRCP 
sequence showing filling defects (broken arrows) within the renal 

parenchyma representing papillary necrosis. MIP of a 3D MRCP 
image shows bilateral ureteric strictures (long arrow) causing hyd-
roureteronephrosis — this hydronephrosis was treated with ureteral 
stenting. Follow-up images after 8 months show a shrunken right kid-
ney and a left kidney with perinephric fat stranding. Bilateral ureteric 
stents are noted in situ. 
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In conclusion, DWI is an excellent stand-alone imaging 
tool that can be combined with conventional sequences for 
the diagnosis of APN even in patients with high serum-
creatinine or other contraindications to intravenous con-
trast. Furthermore, ADC values can be used to differentiate 
between renal abscesses and uncomplicated pyelonephritis. 
APN can be diagnosed on MRI without the administration 
of intravenous contrast.

Data Availability  The dataset used for this study is publicly available 
[32].
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