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Purpose: Pyelonephritis, an upper urinary tract infection, is a serious infection that often
requires hospitalization. However, the accurate diagnosis of acute pyelonephritis can be difficult,
especially among older individuals who can present with unusual symptoms. Imaging with com-
puted tomography (CT) is not unusual in the diagnosis of pyelonephritis, with some clinicians
regarding perirenal fat stranding (PFS) as a characteristic finding. However, the sensitivity and
specificity of PFS in diagnosing pyelonephritis are currently unknown. We therefore sought to
clarify the relevance of PFS in diagnosing acute pyelonephritis.

Patients and methods: We conducted a case-controlled retrospective analysis of medical
records. The pyelonephritis group included 89 patients who had been diagnosed with acute
pyelonephritis, while the control group included 319 patients who had undergone percutaneous
renal biopsy. CT findings were available for both groups. The frequency of PFS and its sensitivity
and specificity for the diagnosis of acute pyelonephritis were investigated.

Results: The mean ages of the pyelonephritis and control groups were 74+15 years and
631£16 years, respectively. A total of 28% of men were in the pyelonephritis group vs 61% of
men in the control group. The frequency of PFS was 72% in the pyelonephritis group vs 39%
in the control group. Age and renal dysfunction were associated with an increased frequency
of PFS. After adjusting for age, sex, and renal function using a propensity score analysis, the
sensitivity, specificity, and positive likelihood ratio of PFS for diagnosing acute pyelonephritis
were 72%, 58%, and 1.7, respectively.

Conclusion: The presence of PFS was not useful in diagnosing acute pyelonephritis.
Keywords: acute pyelonephritis, perirenal fat stranding, sensitivity, specificity, urinary tract
infection, CT

Plain language summary

Pyelonephritis is a serious infection of the upper urinary tract (the kidneys and ureters) that often
requires hospitalization. Patients with pyelonephritis often have chills that start suddenly, fever,
and pain between the ribs and hips on one or both sides of the body. Based on these symptoms,
doctors may test the patient’s blood or urine to diagnose pyelonephritis. Computed tomography
(CT), which allows doctors to look inside the body, is useful for letting doctors determine
whether something is blocking the urinary tract. This type of imaging is often used for diagnos-
ing pyelonephritis; some doctors believe that a condition called perirenal fat stranding (PFS), in
which swelling of the fat around the kidneys is visualized on CT, is a characteristic finding of
pyelonephritis. However, it is not clear whether this belief is true. We thus performed this study
to determine whether PFS is indeed associated with pyelonephritis. We found that PFS was not
specific to pyelonephritis, ie, it could be associated with other conditions. Furthermore, other

tests were more specific for pyelonephritis. We also found that CT was not the most cost-effective
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way to diagnose pyelonephritis, as patients’ symptoms and laboratory
parameters were more relevant diagnostic tools. We believe that our

study is important as it evaluated PFS with respect to pyelonephritis.

Introduction

Urinary tract infections (UTIs) are very common. In the US,
they account for ~8.1 million visits to health care providers
annually.! UTIs are termed differently depending on the part
of the body affected; an infection of the kidney/upper urinary
tract is called pyelonephritis, while an infection of the urethra
is called urethritis. Among these infections, pyelonephritis
can be complicated by sepsis, and in many cases, hospitaliza-
tion is necessary for treatment.?

Classical symptoms of pyelonephritis include an abrupt
onset of chills, fever, and unilateral or bilateral flank pain
with costovertebral angle (CVA) tenderness.® In addition to
these physical findings, a combination of urine analysis (via
microscopy and/or reagent strip), urine cultures, and blood
cultures may be used to diagnose pyelonephritis. However, the
diagnosis of acute pyelonephritis can be difficult for clinicians,
especially among elderly patients who present with unusual
symptoms, such as abdominal pain, vomiting, and diarrhea.

Computed tomography (CT) is a useful diagnostic tool
for providing comprehensive anatomical and physiological
information that accurately characterizes both intra- and
extrarenal pathological conditions.? Imaging with CT is not
unusual in the diagnosis of acute pyelonephritis and is often
used for patients who do not respond to antibiotics within
72 hours or patients with underlying conditions, such as
pregnancy, diabetes mellitus, and immunocompromised state,
among others.** Swelling of the kidney, hypoenhanced renal
parenchyma, and pronounced perirenal fat stranding (PFS)
are some of the CT findings that may accompany acute pyelo-
nephritis.” Yu et al® have reported that perinephric fat strand-
ing was found in 29.1% of patients with acute pyelonephritis.

Some clinicians regard PFS as a characteristic finding of
pyelonephritis (Figure 1).> However, to the best of our knowl-
edge, no study has reported on the factors that are associated
with PFS as well as the sensitivity and/or specificity of PFS
in diagnosing acute pyelonephritis.

Thus, we aimed to evaluate the correlation between age,
renal function, and frequency of PFS.

We also evaluated the effectiveness of PFS in diagnosing
acute pyelonephritis.

Patients and methods
Study design

This retrospective observational study was conducted at the
Japanese Red Cross Ishinomaki Hospital, Ishinomaki, Miyagi,

Figure | Representative image of PFS (open arrow heads).
Abbreviation: PFS, perirenal fat stranding.

Japan. This study was approved by the ethical committee of
Japanese Red Cross Ishinomaki Hospital (approval no 16-28)
and was conducted in accordance with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. The ethics committee deemed written informed con-
sent not necessary due to the retrospective nature of the study.

Data selection

Patients with acute pyelonephritis were selected according to
the flowchart shown in Figure 2. The medical records of all
patients who were admitted to the Japanese Red Cross Ishi-
nomaki Hospital in the Miyagi Prefecture of Japan between
December 2013 and July 2015 were reviewed. Of 468,624
patients, we selected 120 patients with the 10th revision of
the International Statistical Classification of Diseases and
Related Health Problems (ICD-10) code N10 in their medi-
cal records.

The diagnosis of acute pyelonephritis was based on
physical examination (presence of fever, chills, and CVA
tenderness) and laboratory findings (increased white blood
cell [WBC] count, elevated C-reactive protein [CRP], and
demonstration of pyuria and bacteriuria on urine testing).

Diagnosis eligibility was assessed by internists or urolo-
gists of our hospital. We excluded eleven cases of children
(aged <16 years) and two cases that did not demonstrate clear
findings of acute pyelonephritis. Of the remaining cases, 89
had undergone CT evaluation of both kidneys; we evaluated
these patients for the presence or absence of PFS as the
pyelonephritis group.

We also enrolled 319 consecutive patients into the control
group. These patients underwent percutaneous renal biopsy
at our hospital between January 2013 and May 2016; each
of them had undergone CT examination the day after the
renal biopsy to check for bleeding complications.!® We had
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Case group

| Patient admitted in our hospital from 2014 to 2015

}

| 120 patients assessed for eligibility by ICD-10 code: N10

> 11 were children (aged <16 years)

» 2 did not meet the definition of pyelonephritis

| 107 met the pyelonephritis’ criteria

v

:} 18 without CT scan |

| 89 diagnosed as pyelonephritis with CT scan

Control group

2013 to 2016
PRB is contraindicated in UTI patients

319 patients who had undergone PRB in our hospital from

Figure 2 Flowchart showing participant screening for this study.

Abbreviations: ICD-10, [0th revision of the International Statistical Classification of Diseases and Related Health Problems; CT, computed tomography; PRB, percutaneous

renal biopsy; UTI, urinary tract infection.

ruled out acute pyelonephritis prior to percutaneous renal
biopsy in this group, given that acute pyelonephritis is a
contraindication for renal biopsy. In this control group, PFS
was evaluated on the kidney from which renal biopsy was
not done. CT images were obtained using an Aquilion CXL
system (Toshiba Medical Systems Corp., Tochigi, Japan).

Statistical analysis

Normally distributed data are presented as mean * standard
deviation (SD), with nonparametric data presented as the
median and 25th—75th percentile. Statistical analyses were
performed using the Student’s #-test for parametric data, the
Mann—Whitney U test for nonparametric data, Fisher’s exact
test for nominal categorical valuables, and logistic regression
analysis for the following covariates: age, sex, and estimated
glomerular filtration rate (¢GFR).

We performed 1:1 matching based on the propensity
score, as patient characteristics of both the pyelonephritis
and control groups were different.'"'> The purpose of using
the propensity score was to reduce the influence of bias by
aligning the backgrounds of both groups. In this study, logis-
tic regression was performed with the presence or absence
of pyelonephritis as a dependent variable, and age, sex, and
renal function as independent variables. A propensity score
for whether or not pyelonephritis develops from a background
factor was prepared. The frequency selection method was
used as a forced-choice method. p-values of <0.05 were
regarded as significant. All statistical data were analyzed
using EZR version 3.3.1 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Com-
puting, Vienna, Austria).!?

Results

The characteristics of the enrolled patients are presented
in Table 1. Compared with patients in the control group,
patients in the pyelonephritis group were significantly older
(74£15 years vs 63£16 years, respectively, p<0.001) and
had a significantly higher frequency of PFS (72% vs 39%,
respectively, p<0.01). There were no significant differences
between both groups in terms of eGFR on admission. Other
findings are as follows: 25 (28%) and eight (9.1%) patients
in the pyelonephritis group had underlying diabetes and a
history of immunosuppressant use compared to 195 (61%)
and 62 (20%) patients, respectively, in the control group.
A total of 26 (52%) patients in the pyelonephritis group
had CVA tenderness. In terms of serological findings, the
median WBC count was 11,300/uL (interquartile range
(IQR): 8,100-17,600/uL) in the pyelonephritis group vs
6,100/uL (IQR: 4,100-7,700/uL) in the control group, while
the median CRP was 12 mg/dL (IQR: 4.7-18 mg/dL) in
the pyelonephritis group vs 0.13 mg/dL (IQR: 0.05-0.56
mg/dL) in the control group. The median lactate level was
1.6 in the pyelonephritis group (lactate was not measured in
the control group). In terms of urinary findings, the positive
rate of WBC was 83% (70/85) in the pyelonephritis group
vs 20% (63/318) in the control group, that of nitrite was
37% (31/85) in the pyelonephritis group vs 4.4% (14/318)
in the control group, and that of WBC or/and nitrite was
93% (79/85) in the pyelonephritis group vs 21% (67/318) in
the control group. Bacteria were identified in urine cultures
in 92% (71/77) of patients in the pyelonephritis group. CT
imaging detected urinary stones in 40% (36/89) of patients
in the pyelonephritis group vs 12% (39/319) of patients in
the control group, hydronephrosis in 47% (42/89) of patients
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Table | Patient characteristics
Case (pyelonephritis) Control (PRB) p-value
Number of patients 89 319
Background information
Age (years) 74+15 63116 <0.01
Male sex (%) 25 (28%) 195 (61%) <0.01
eGFR (mL/min/1.73 m?) on admission 34 (23,54) 35 (23,57) 0.923
History of diabetes mellitus 25 (28%) 110 (35%) <0.01
History of immunosuppressant use 8 (9.1%) 62 (20%) <0.01
CVA tapping pain 29/56 (52%) - -
Serological findings
WBC count (/uL) 11,300 (8,100, 17,600) 6100 (4,100, 7,700) <0.01
CRP (mg/dL) 12 (4.7, 18) 0.13 (0.05, 0.56) <0.01
Lactate (mmol/L) 1.6 (1.1, 2.8) - -
Urinary findings
WBC 70/85 (82%) 61/318 (20%) <0.01
Nitrous acid 31/85 (36%) 14/318 (4.4%) <0.01
WBC and/or nitrous acid 79/85 (93%) 67/318 (21%) <0.01
Urine culture 71/83 (92%) - -
CT findings
Urinary tract stones 53 (60%) 39 (12%) <0.01
Hydronephrosis 42 (47%) 12 (3.8%) <0.01
Emphysema 3 (3.4%) I (0.31%) <0.01
PFS 64 (72%) 93 (39%) <0.01

Note: Data are presented as mean * SD, number (percentage), or median (interquartile range).
Abbreviations: PRB, percutaneous renal biopsy; eGFR, estimated glomerular filtration rate; CVA, costovertebral angle; WBC, white blood cell; CRP, C-reactive protein;

CT, computed tomography; PFS, perirenal fat stranding; SD, standard deviation.

in the pyelonephritis group vs 3.8% (12/319) of patients in
the control group, and renal emphysema in 3.4% (3/89) of
patients in the pyelonephritis group vs 0.31% (1/319) of
patients in the control group. Among the 89 patients in the
pyelonephritis group, 51 were subjected to contrast CT; of
these, 22 (43%) had areas where renal contrast was insuf-
ficient. All the participants in the control group underwent
CT examination without contrast material.

For all enrolled patients, the sensitivity, specificity, and pos-
itive likelihood ratio of PFS in diagnosing acute pyelonephritis
were 72% (95% confidence interval [CI], 61-81), 71% (95%
ClI, 66-76), and 2.5 (95% CI, 2.0-3.1), respectively (Table 2).

Based on our empirical speculation that PFS was affected
by age, sex, and renal function, we divided patients into two
groups for each of the variables: age (younger vs older), sex
(male vs female), and renal function (high vs low); the fre-
quency of PFS was determined for each group (Figures 3-5).
In the pyelonephritis group, the frequency of PFS was 73%
in younger patients (aged <70 years) vs 73% in older patients
(aged 270 years), 84% in men vs 67% in women, and 80%
in those with eGFR <35 mL/min/1.73 m? vs 64% in those
with eGFR >35 mL/min/1.73 m2. No significant differences
were found between any of these groups.

Table 2 Sensitivity, specificity, and positive likelihood ratio of
PFS to diagnose acute pyelonephritis for all enrolled patients

Case Control
PFS + 64 93 157
- 25 226 251
89 319 408

Note: Sensitivity, 72% (95% Cl, 61-81); specificity, 71% (95% Cl, 66-76); and
positive likelihood ratio, 2.5 (95% ClI, 2.0-3.1).
Abbreviations: PFS, perirenal fat stranding; Cl, confidence interval.
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Figure 3 Frequency of PFS by age group.
Abbreviations: PFS, perirenal fat stranding; NS, not significant.
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Figure 4 Frequency of PFS by sex.
Abbreviations: PFS, perirenal fat stranding; NS, not significant.
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Figure 5 Frequency of PFS by eGFR.
Abbreviations: PFS, perirenal fat stranding; eGFR, estimated glomerular filtration
rate; NS, not significant.

In the control group, the frequency of PFS was 29% in
younger patients vs 54% in older patients, 47% in men vs 28%
in women, and 51% in those with eGFR <35 mL/min/1.73 m?
vs 28% in those with eGFR >35 mL/min/1.73 m?.

The reason for dividing eGFR into more or less than
35 mL/min/1.73 m? was because the median value of both the
pyelonephritis and control groups was ~35 mL/min/1.73 m?.
The Kidney Disease: Improving Global Outcomes guidelines
classify the severity of chronic kidney disease by GFR.!* GFR
3044 is classified as G3b category (moderately to severely
decreased), and GFR 15-30 is classified as G4 category
(severely decreased). Therefore, the 35 cutoff values used in
this study were considered to be reasonable in general, with
no significant divergence from the severity classification
by GFR. Significant differences were found for each group
comparison (p<0.01).

A multiple logistic regression model yielding odds ratios
(ORs) and 95% CIs was then used to identify predictors of
pyelonephritis. The model included age, sex, and eGFR. In
the multiple logistic regression model, the OR for PFS to
non-PFS was 5.0 (95% CI, 2.7-9.3; p<0.01).

Next, we performed a post hoc 1:1 person match by
assigning the two groups (pyelonephritis group and control
group) to each case, matched for age, sex, and eGFR on
admission (Table 3). Conditional logistic regression analyses
for these propensity score-matched data sets were used to
estimate the ORs and respective 95% Cls.” The OR for PFS
to non-PFS was 3.6 (95% CI, 1.9-6.7; p<0.01).

After adjusting for age, sex, and renal function using
the propensity score analysis, the sensitivity, specificity,
and positive likelihood ratio of PFS for diagnosing acute
pyelonephritis was 72% (95% CI, 61-81), 58% (95% CI,
48-69), 1.7 (95% CI, 1.3-2.3), respectively (Table 4). Using
the Mantel-Haenszel test, the OR for PFS to non-PFS was
found to be 2.9 (95% CI, 1.6-6.5; p<0.01).

Table 5 lists the frequency of pyogenic bacteria in urine
cultures.

Discussion

This study revealed that PFS is affected by age, sex, and
eGFR, with increasing age, male sex, and lower eGFR
increasing the frequency of PFS. However, the presence of
PFS itself was not a useful indicator of acute pyelonephritis.
As shown in Table 1, PFS was found in 39% of patients,
which seemed high compared to 29.1% reported by Yu et al.
However, in their study, the mean age of enrolled patients
was 60£17 years and 93% were females.® In contrast, the

Table 3 Patient characteristics adjusted by age, sex, and renal
function using the propensity score analysis

Case Control  p-value
(pyelonephritis) (PRB)
Number of patients 89 89
Background information
Age (years) 74%15 74%1 1 0.97
Male sex (%) 25 (28%) 27 (30%) 0.87
eGFR (mL/min/1.73 m?) 35 (23, 54) 32 (21,48) 0.172
on admission
PFS 64 (72%) 37 (42%) <0.01

Note: Data are presented as mean + SD, number (percentage), or median
(interquartile range).

Abbreviations: PRB, percutaneous renal biopsy; eGFR, estimated glomerular
filtration rate; PFS, perirenal fat stranding; SD, standard deviation.

Table 4 Sensitivity, specificity, and positive likelihood ratio of
PFS to diagnose acute pyelonephritis after propensity score
adjustment for age, sex, and renal function

Case Control
PFS + 64 37 101
- 25 52 77
89 89 178

Note: Sensitivity, 72% (95% Cl, 61-81); specificity, 58% (95% CI, 48-69); and
positive likelihood ratio, 1.7 (95% ClI, 1.3-2.3).
Abbreviations: PFS, perirenal fat stranding; Cl, confidence interval.
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Table 5 Frequency of causative bacteria

Name Frequency, n (%)

Escherichia coli 46 (55%)
ESBL-producing bacteria 4/46

Enterococcus faecalis 7 (8.3%)

Proteus mirabilis 5 (6.0%)
ESBL-producing bacteria 2/5

Streptococcus sp. 5 (6.0%)
Staphylococcus aureus 2/5
CNS 1/5

Streptococcus sp. 5 (6.0%)

Streptococcus agalactiae 2/5

Corynebacterium sp. 4 (4.8%)
Klebsiella pneumoniae 3 (3.6%)
Others 9 (7.7%)
No detection 7 (10.7%)

Note: Including overlapping infection, the total number of bacteria detected was 84.
Abbreviations: ESBL, extended-spectrum beta-lactamase; sp, species; CNS,
coagulase-negative staphylococci.

mean age of enrolled patients in our study was 74+15 years
and only 72% were females. Considering that older age and
male sex increase the frequency of PFS, we believe that our
findings were acceptable.

Previous reports did not include a control group, making
it impossible to calculate the sensitivity and specificity. In
our study, we included patients who had undergone renal
biopsy as our control group, after acute pyelonephritis had
been ruled out by the treating physician (given that active
UTI is a contraindication for percutaneous renal biopsy).
This allows us to calculate the sensitivity and specificity.
In the control group, 67 (21%) patients had positivity of
WBC and/or nitrite in urinalysis; however, all of them had
asymptomatic bacteriuria. There were ~20% of patients
with asymptomatic bacteriuria when the control group was
compared to the whole population; it might be related to the
fact that the average age was higher and there were more
diabetic patients and immunosuppressant users.

Although hypoenhanced regions in the kidney may be
characteristic of acute pyelonephritis, they are not specific.
For example, acute renal infarction and immunoglobulin
G4-related renal disease (IgG4RD) are accompanied by
hypoenhanced regions in the kidney.!>!¢ In addition, acute
renal infarction is also associated with fever, flank pain, and
increased inflammatory markers, similar to acute pyelone-
phritis. However, elevated serum lactate dehydrogenase is
found in almost all patients with acute renal infarction, and
this may be useful in distinguishing acute renal infarction
from acute pyelonephritis. These findings suggest that radio-
logical imaging is not as useful as conventional examination
in the diagnosis of acute pyelonephritis.

Previous studies have reported on the sensitivity and
specificity of diagnosis of pyelonephritis. The sensitivity of
urinalysis (>10 WBCs/high power field [HPF]) was reported
to be 58%—82%, while the specificity was 65%—-86%.!” The
sensitivity of positive leukocyte esterase, nitrite, and leuko-
cyte esterase plus nitrite tests was reported to be 74%—96%,
35%—85%, and 75%— 84%, respectively. In contrast, their
specificity was 94%—-98%, 92%—100%, and 82%—89%,
respectively.'®2! The sensitivity of positive dipstick hematuria
was 44%, while its specificity was 88%.% The sensitivity
of finding of >1 bacterium per HPF by Gram stain (centri-
fuged urine) was 93%, while the specificity was 95%.2 We
demonstrated that the sensitivity of PFS in diagnosing acute
pyelonephritis was 72%, while the specificity was 60%. This
result shows that radiological imaging is not a particularly
useful tool for the diagnosis of acute pyelonephritis.

Why then are CT scans often used for the diagnosis of
acute pyelonephritis? We propose two reasons. One reason
is that almost all the enrolled patients visited the emergency
room. The emergency physician, in wanting to avoid missing
life-threatening diseases, may order radiological imaging,
including CT scan; this may thus contribute to an increased
number of CT scans performed. Another reason is CT scan
is easily available in Japan. Indeed, Japan is reported to have
one of the highest numbers of CT machines in the world.**%
However, studies have shown that excessive use of diagnostic
imaging is not necessarily associated with improved medical
care.’? In terms of cost, an abdominal CT scan (~\10,000)
is much more expensive than a urine dipstick test (\260). As
shown earlier, CT scans are not particularly useful for the
diagnosis of acute pyelonephritis. We believe that our find-
ings provide a fair account of the usefulness of CT scan in
diagnosing acute pyelonephritis.

We calculated the power to compare the ratios of the two
groups. The ratio of the pyelonephritis group was 0.72 and
that of the control group was 0.40; the alpha error was 0.05,
and even if the sample size was 89, the detection power was
as high as 0.99.

Table 5 lists the various bacteria that were isolated from
the positive urine cultures in our cohort; the causative organ-
isms were similar to previous reports in Japan.?

We agree that our method of selection also created several
limitations. Ideally, we would like to include healthy patients
into our control group. Additionally, we did not obtain CT
scan for patients without symptoms or disease. CT scans
that were obtained were only for diagnosis or follow-up. Our
selection bias also created a limitation. The control group
was expected to have some form of renal disease. Primary
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renal disease such as glomerulonephritis, tubulointerstitial
nephritis, and others may increase PFS, although the cause
of renal dysfunction may have little effect on the frequency
of PFS (data not shown). Our findings revealed that age, sex,
and eGFR strongly affected PFS. Another limitation that we
did not consider was previous history of pyelonephritis, which
we hope will be addressed in future studies.

Another limitation of our study was the exclusion of
children aged <16 years and pregnant women. However,
this is because CT examination is not advisable for preg-
nant women and children. Admittedly, the occurrence of
pyelonephritis is particularly high among pregnant women,
with an estimated incidence of 0.5%—2%.3* Therefore, it was
unfortunate that we could not evaluate PFS in this popula-
tion of patients.

Conclusion

Older age, male sex, and lower eGFR are associated with an
increased occurrence of PFS. However, with respect to the
diagnosis of acute pyelonephritis, the presence of PFS itself
did not have particularly high sensitivity and/or specificity
compared to other tests.
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