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Abstract: Acute or chronic pyelonephritis is a common renal pathology that can lead to significant kidney morphological changes. Accurate 
assessment of renal dimensions using imaging modalities such as computed tomography (CT) is essential for diagnosis and management. However, 

limited data on normal kidney dimensions and their variation in pyelonephritis in the adult Pakistani population are available. Objective: To compare 
normal kidney dimensions in healthy individuals with those in patients diagnosed with acute and chronic pyelonephritis on CT scan in the adult 

Pakistani population, and to correlate kidney size with age and gender. Methods: This case-control study was conducted at the Radiology Department 

of Jinnah Postgraduate Medical Centre, Karachi, over six months from September 2023 to February 2024. A total of 126 adults were included using 

a consecutive non-probability sampling technique: 77 healthy individuals (controls) and 49 patients diagnosed with acute or chronic pyelonephritis 
based on CT findings. Renal dimensions were measured using axial, coronal, and sagittal slices from multislice CT scans. Kidney lengths and transverse 

diameters were recorded. Statistical analysis was performed using the independent t-test to compare kidney dimensions between cases and controls 

and acute and chronic pyelonephritis groups. A p-value < 0.05 was considered statistically significant. Results: The mean age of patients with 

pyelonephritis was 45.8 ± 12.0 years. The mean transverse diameter of the right kidney in pyelonephritis cases was significantly larger (5.05 ± 0.18 
cm) compared to controls (4.34 ± 0.06 cm) (p = 0.001). Among the pyelonephritis group, the mean transverse dimension of the left kidney in acute 

cases was 5.52 ± 1.00 cm, significantly larger than in chronic cases (4.44 ± 1.05 cm) (p = 0.001). Similarly, the right kidney in acute pyelonephritis 

had a mean transverse diameter of 5.52 ± 1.20 cm compared to 4.48 ± 0.65 cm in chronic pyelonephritis (p = 0.001). Conclusion: The study 
demonstrated that kidneys in patients with acute pyelonephritis are significantly swollen, whereas chronic infections are associated with renal atrophy. 

Additionally, the parenchymal thickness in pyelonephritis patients was significantly greater than in healthy controls. CT imaging is reliable for 

distinguishing between acute and chronic renal changes in pyelonephritis based on kidney dimensions. 
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Introduction 

Both kidneys vary in size, which is measured by sonography, CT   

scanning, or magnetic resonance imaging. Body size (height, weight, 
body mass index) and kidney size are positively correlated in some studies 

(1). The greater the body size, the larger the kidneys. In an adult kidney, 

the pole-to-pole average length is 10-13 cm, and the transverse (TN) 

diameter is 5 to 7.5 cm. The left kidney is smaller in size than the right 
kidney.  

The urinary system and renal parenchyma are affected by an acute kidney 

infection, Acute pyelonephritis (APN), often caused by ascending bladder 

infections (2). It is usually accompanied by flank or suprapubic pain, high-
grade fever, dysuria, frequent urination, vomiting, and nausea in patients. 

Recurrent infections or urine reflux from an infection during childhood 

can cause chronic pyelonephritis. This condition can be described by 

asymmetry in the kidneys as a whole, clubbing of the calyces due to 
papilla retraction from surrounding overlying renal scarring, hypertrophy 

of residual normal parenchymal tissue, and parenchymal atrophy of the 

affected areas (3). 

Escherichia coli is the primary pathogen that causes APN. This pathogen 
frequently results in severe inflammation and both long-term morbidities, 

such as irreversible renal scarring, and short-term ones, such as fever, 

dysuria, and flank pain (4). Renal scarring markedly increased the 

Chances of end-stage renal disease and chronic kidney disease, 

vesicoureteral reflux (VUR), proteinuria, and hypertension. Since 37% of 
APN children experience renal scarring two years after the infection first 

appears, prompt diagnosis and the application of efficient treatment 

strategies are essential to the management of this illness in children (5). 

An increase in kidney size is one of the primary signs of APN. 
Additionally, kidneys with two collecting systems are usually 1-2 cm 

longer than kidneys with a single pelvicalyceal system (12, 13). Renal 

ischemia can cause unilateral size change, and reduced kidney size is 

observed in systemic renal diseases (6). 
An accurate preoperative diagnosis and appropriate management can be 

achieved by combining ultrasound, CT, and MRI scanning features to 

assess pyelonephritis, particularly when complicated, for instance, XGP 

in its focal form, which mimics or is even associated with renal carcinoma 
(7). Kidney biopsies are invasive procedures, and urine cytology is 

frequently nonspecific. Radiologists can recommend an identification of 

complicated pyelonephritis with a possibly benign course, avoiding 

needless radical therapy. 
Patients undergo CT scans for various reasons. Kidney length is one 

parameter measured and assessed in CT scan reports. Thus, it is critical to 

understand the accurately computed length (8). 

http://www.bcsrj.com/
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The current prospective study aimed to establish a reference range for 

normal renal dimensions in a healthy adult population and acute and 
chronic pyelonephritis patients, as well as the correlations between their 

sizes. 

Methodology  

This case-control study was conducted in the Radiology Department, 
Jinnah Postgraduate Medical Centre, Karachi, using a consecutive non-

probability sampling method. The study was conducted from September 

2023 to February 2024. One hundred twenty-six individuals, including 77 

controls, healthy individuals visiting the radiology department for other 
health problems and functional kidneys, were identified and added after 

informed consent.  While cases included 49 patients confirmed/ 

diagnosed with acute and chronic pyelonephritis referred from the 

nephrology department, validated on CT scans, were included in the 
study. Conversely, the study did not include patients with congenital renal 

diseases, chronic kidney disease (CKD), dialysis patients, patients with 

solitary kidneys, or patients with urinary complaints or obstruction two 

months prior to a CT scan.  

After getting informed consent, demographic details of patients such as 

gender, age, coexisting illnesses, and clinical features associated with 

pyelonephritis were documented via questionnaire. Using axial, coronal, 

and sagittal slices in multislice CT made determining the kidney's actual 
length simple. Initially, this was determined using the standard technique, 

which was based on the width of the transverse diameter on the console 

and the distance between the upper and lower poles of the kidneys in 

coronal cuts in the craniocaudal (CC) region. No interventions or contrast 
were administered to the participants, ensuring their safety. The patients 

were informed about kidney pathology and subsequently directed to a 

urology clinic for additional care. 

Data was analyzed using SPSS version 24. Frequencies and percentages 
were presented for categorical variables such as age, gender, clinical 

presentations, and coexisting illnesses. Means and standard deviations 

were documented for the continuous variables, such as kidney 

dimensions. An independent t-test was applied between cases and 
controls in kidney dimensions in acute and chronic pyelonephritis 

patients. A p-value of < 0.05 was considered statistically significant. 

Results 

A total of 126 individuals, of whom 49 had acute and chronic 
pyelonephritis and 77 were healthy controls, were included in the study. 

The mean age of cases with pyelonephritis was 45.8 ± 12.0 years, and the 

mean age of controls was 32.4 ± 13.0 years. The gender distribution 

showed a predominance of females among both controls, 56(72.7%), and 
cases, 32(75.3%). Clinical presentations such as fever and flank pain were 

absent in controls but prevalent in cases 8(16.3%) and 32(65.3%), 

respectively. Remarkably, comorbidities such as diabetes and 

hypertension were considerably higher among cases than controls, with 
37(75.5%) of cases having diabetes compared to 14(18.2%) among 

controls, and 12(24.5%) of cases having hypertension compared to 

3(3.9%) among controls, as shown in Table-1. 

The dimensions of the right and left kidneys in cases and controls showed 
that among the cases, comprising 38.8% of the total participants, the mean 

dimensions of the right kidney in the cranio-caudal diameter were 9.55 ± 

0.25 cm. In contrast, in controls, representing 77(61.2%) of the 

participants, it measured 9.67 ± 0.09 cm with a statistically insignificant 
difference (p =0.617). In the transverse diameter, the mean dimension of 

the right kidney in cases was 5.05±0.18 cm, significantly higher than that 

in controls, 4.34 ± 0.06 cm, with a significant association between them 

(p=0.001). Likewise, for the left kidney, in the cranio-caudal diameter, 
cases demonstrated a mean dimension of 9.70 ± 0.24 cm, while controls 

had a mean of 9.79 ± 0.11 cm, with an insignificant difference observed 

(p=0.712). However, in the transverse diameter, cases exhibited a 

significantly larger mean dimension for the left kidney, 5.03 ± 0.17 cm, 
compared to controls, 4.44 ± 0.06 cm, with a significant association 

between them (p=0.001), as shown in Table 2. 

The dimensions of the right and left kidneys in acute and chronic 

pyelonephritis, specifically on the transverse diameter, were measured in 
47 participants. Acute pyelonephritis accounted for 27(55.1%), while 

chronic pyelonephritis represented 22(44.9%). In the transverse diameter, 

the mean dimension of the left kidney in acute pyelonephritis cases was 

5.52 ± 1.00 cm, significantly larger compared to chronic pyelonephritis 
cases, 4.44 ± 1.05 cm (p=0.001). Similarly, for the right kidney, acute 

pyelonephritis cases exhibited a mean dimension of 5.52 ± 1.20 cm, 

significantly higher than chronic pyelonephritis cases, which had a mean 

dimension of 4.48 ± 0.65 cm (p=0.001), as shown in Table 3.

 

Table 1: Demographic details of healthy individuals and patients with acute and chronic pyelonephritis 

Variables Controls- Mean ± SD (n=77) Cases- Mean ± SD (n=49) 

Age (years) 32.4± 13.0 45.8±12.0 

Age groups < 20 7 (9.09%) 10(20.4%) 

21- 40 32(41.5%) 28(57.1%) 

41- 60 26(33.7%) 9(18.3%) 

>60 12(15.6%) 2(4.08%) 

Gender Male 21(27.3%) 17(34.7%) 

Female 56(72.7%) 32(75.3%) 

Clinical presentation  

 

 Fever 0(0.0%) 8(16.3%) 

flank pain 0(0.0%) 32(65.3%) 

Malaise 0(0.0%) 4(8.16%) 

nausea/ vomiting 0(0.0%) 5(10.2%) 

Comorbidities Diabetes 14(18.2%) 37(75.5%) 

Hypertension 3(3.9%) 12(24.5%) 

Chronic Kidney Disease 0(0.0%) 0(0.0%) 

No other illness 60(77.9%) 0(0.0%) 

   

Table 2: The right and left kidney dimensions in cases and controls in transverse and craniocaudal diameter 

Kidney Dimension in cases and controls       n(%) Mean ± SD 

 

P-value 

Right Kidney CC (cm) Cases 49(38.8%) 9.55 ± 0.25 0.617 

 Controls 77 (61.2%) 9.67 ± 0.09 

Right Kidney TS (cm) Cases 49(38.8%) 5.05 ± 0.18 0.001 
 Controls 77 (61.2%) 4.34 ± 0.06 
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Left Kidney CC (cm) Cases 49(38.8%) 9.70 ± 0.24 0.712 

Controls 77 (61.2%) 9.79 ± 0.11 

Left Kidney TS 

(cm) 

Cases 49(38.8%) 5.03 ± 0.17 0.001 

 Controls 77 (61.2%) 4.44 ± 0.06 

  

 

Table 3: The right and left kidney dimensions in acute and chronic pyelonephritis on transverse diameter 

 

Figure A-1: CT scan images of a 39-year-old female with acute flank pain and fever showing unilateral emphysematous pyelonephritis, 

consistent with acute pyelonephritis. 

Figure A-2: 
CT scan images of a 50-year-old female with bilateral flank pain showing a shrunken left kidney and compensatory hypertrophy of the right 

kidney, indicative of chronic pyelonephritis.

 

Discussion 

 

The kidney's size is one of the most reliable indicators and readily 

researchable when assessing the urinary system,  so knowing the correct 

and current values is important for a radiologist.  

Renal size varies from person to person due to many factors, including 

diseased state (as depicted in acute and chronic pyelonephritis patients), 
physiological processes, and anthropometry. 9-10 Kidney disease is an 

important factor that may affect kidney size. If changes in kidney size 

provide indications of a renal problem, further investigations can be 

performed to determine kidney disease.  

Variables   n(%) Mean ± SD P-value 

Pyelonephritis 

Left kidney TS (cm) 

Acute 27(55.1%) 5.52 ± 1.00  

0.001 Chronic 22 (44.9%) 4.44 ± 1.05 

Pyelonephritis 

Right kidney TS (cm) 

Acute 27(55.1%) 5.52 ± 1.20  

0.001 Chronic 22 (44.9%) 4.48 ± 0.65 
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According to Alyami et al, most research has used craniocaudal kidney 

length to predict kidney disease or normal function. Also, in clinical 
practice, the most commonly utilized and accurate measurement is the CT 

scan-based kidney length (bipolar measurement) linked to renal function. 

Whereas our study contradicts these findings and demonstrated that when 

the kidney size of acute and chronic pyelonephritis patients was 
compared, a difference was noted in transverse diameters; however, the 

comparison of craniocaudal dimensions of both right and left kidneys was 

found to be statistically nonsignificant. 

 Therefore, CC diameter is affected by many factors, as it is a dynamic 

parameter. The distinguished renal pelvic configurations lead to its 

variable measurements. It does not promptly demonstrate the degree of 

hydronephrosis. Therefore, transverse diameter (width) is a reliable tool 

for assessing pyelonephritis (11, 12). 

CT pyelogram can provide a more detailed assessment of kidney size, 

shape, and position than standard X-ray and is superior when assessing 

acute or chronic disease changes. One of the studies compared 96 kidneys 

detected to have pyelonephritis on US KUB/ CT scan, and also studied 
their demographics. The mean age of the patients was 48.7 years, and 62% 

were female, with fever, flank pain, and urinary complaints as common 

symptoms, which was consistent with our study. Each patient had a US 

abdomen; in 66%, the results were suggestive of APN and later assessed 
on CT abdomen; 70% of those patients had PN detected on CT scan. Of 

these, 4% of patients had emphysematous PN (EPN), and 3% had renal 

abscesses. The recognition of certain PN features, such as 

emphysematous changes and renal abscesses, was superior on CT scans 
compared to USG.22 Hence, non-contrast CT scan KUB can detect 

emergency cases of acute pyelonephritis that need urgent nephrectomy as 

the treatment of choice (13, 14).  

Furthermore, Karami et al in one study reported evidence linking both 
kidneys in 100 healthy patients and determining the difference in kidney 

sizes. The length of the kidneys was measured using coronal and sagittal 

cuts obtained from a multislice CT scan. When the actual sizes of the right 

and left kidneys were compared on axial sections, there was a slight 
difference in average length between the right and left kidneys. The mean 

length values in the spiral CT scan were 98.61 ± 15.8 mm and 103.11 ± 

15.9 mm, respectively. The projected sizes obtained from multi-slice CT 

scans differed slightly for both the right and left kidneys in coronal and 
axial images (9.77 ± 1.19 mm and 6.63 ± 0.8 mm, respectively; p < 0.001). 

These findings were corroborated by the present study and revealed that 

there was only a slight variation in the craniocaudal diameter of right and 

left kidneys in coronal cuts. Similarly, the transverse diameter remained 
the same when the right and left kidney size was compared in healthy 

patients (controls). However, there was a difference noted in the diseased 

patients (cases) of the study, among which the mean transverse dimension 

of the left kidney in acute pyelonephritis cases was 5.52 ± 1.00 cm, 
significantly larger compared to chronic pyelonephritis cases, 4.44 ± 1.05 

cm (p=0.001). Similarly, for the right kidney, acute pyelonephritis cases 

exhibited a mean dimension of 5.52 ± 1.20 cm, significantly greater than 

chronic pyelonephritis cases, which had a mean dimension of 4.48 ± 0.65 
cm (p=0.001) (15-17). 

Moreover, numerous studies have highlighted the relationship between 

kidney size and demographics. When compared with cases and controls, 

a significant difference was observed in the transverse diameter of both 
right and left kidneys in healthy patients. Advanced age can be used to 

classify PN or predict the prognosis, and it is easily recognized during the 

initial presentation of PN (18, 19). 
Rollino C et al. and Kumar S et al conducted studies which demostrated 

females prevalence of PN Mean age of patient were 48.7 years (range 15 

– 85), majority of them were more than 40 years, by The present study 

showed partly similar results as the above-cited studies and revealed that 

the gender distribution showed a female predominance over males in both 

cases and controls, however, mean age of cases with pyelonephritis was 

45.8 ± 12.0 years, but the mean age of controls, was 32.4 ± 13.0 years 

(p=0.001) which is justified according to our results as the kidneys 

affected by disease process belonged to older patients whereas younger 

age group had unremarkable kidneys (20–22). 

After the literature review, it was evident that international data were 

available on the interpretation of kidney size and its comparison on CT 

scan as discussed above. However, there was a lack of similar studies in 

Pakistani literature, which makes the study more valuable and adds new 
work to the scientific literature. The current case control study provided 

accurate results regarding kidney dimensions on a non-contrast CT scan, 

which can benefit a clinician/ specialist. 

Lastly, the study had some limitations. One limitation of this study was 

that it was a single-center study; different institutions may have provided 

variable data. Secondly, the small sample size resulted in it being 

performed only in 126 patients. Therefore, a larger population is required 

to determine normal values. Pezeshki et al evaluated the kidney 
dimensions in 938 healthy individuals on ultrasound, which is a massive 

number (23, 24). Another limitation is that a single radiologist took these 

measurements on PACS; therefore, an inter-observer study is 

recommended. Also, the demographics did not include weight, height, 
and BMI. 

Conclusion 

Knowing the true measured values of kidney size is of particular 

importance to different types of medical imaging. This study concluded 
that patients with acute pyelonephritis have severely inflamed kidneys 

with a larger diameter, whereas patients with chronic infections have 

smaller kidneys. Furthermore, the parenchymal thickness of the right and 

left kidneys in patients with pyelonephritis was considerably greater than 
in the control group. Therefore, kidney size may be a significant factor 

associated with the development of pyelonephritis. 

Declarations 

Data Availability statement 
All data generated or analysed during the study are included in the 

manuscript. 

Ethics approval and consent to participate 

Approved by the department concerned. (IRBEC-JND-2171-23) 

Consent for publication 

Approved 

Funding 

Not applicable 

Conflict of interest 

 

The authors declared the absence of a conflict of interest. 

Author Contribution  

HS (PGR), SS (HOD) 

Manuscript drafting, Study Design,  

Study Design, manuscript review, critical input 

IR (Associate Professor), SF (Associate Professor) 
Review of Literature, Data entry, Data analysis, and article drafting. 

MNS (Professor), TM (Professor) 

Conception of Study, Development of Research Methodology Design. 

 
All authors reviewed the results and approved the final version of the 

manuscript. They are also accountable for the integrity of the study. 

References 

 1. Johnson JR, Russo TA. Acute Pyelonephritis in Adults. N. The 
New England Journal of Medicine. 2018; 378(1):48-59. doi: 

10.1056/nejmcp1702758. 



Biol. Clin. Sci. Res. J., Volume 6(3), 2025: 1610                                                                                                       Siddiqui et al., (2025)        

48 
 

2. Jung HJ, Choi MH, Pai KS, Kim HG. Diagnostic performance 

of contrast-enhanced ultrasound for acute pyelonephritis in children. 
Scientific Reports. 2020;10(1):10715. doi.10.1038/s41598-020-67713-z. 

3. Al Salmi I, Al Hajriy M, Hannawi S. Ultrasound Measurement 

and Kidney Development: A Mini-Review for Nephrologists. Saudi 

Journal of Kidney Diseases and Transplantation. 2021 Jan-
Feb;32(1):174-182. Doi: 10.4103/1319-2442.318520. 

4. Belyayeva M, Leslie SW, Jeong JM. Acute Pyelonephritis. 

[Updated 2024 Feb 28]. In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2025 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK519537/. 

5. Smith AD, Nikolaidis P, Khatri G, Chong ST, De Leon AD, 

Ganeshan D, Gore JL, Gupta RT, Kwun R, Lyshchik A, Nicola R, 

Purysko AS, Savage SJ, Taffel MT, Yoo DC, Delaney EW, Lockhart ME. 
ACR Appropriateness Criteria® Acute Pyelonephritis: 2022 Update. J 

Am Coll Radiol. 2022 Nov;19(11S):S224-S239. doi: 

10.1016/j.jacr.2022.09.017. PMID: 36436954. 

6. Kundu R, Baliyan A, Dhingra . Clinicopathological Spectrum 
of Xanthogranulomatous Pyelonephritis. Indian J Nephrol. 

2019;29(2):111–115. doi.10.4103/ijn.ijn_50_18. 

7. El-Ghar MA, Farg H, Sharaf DE, El-Diasty T. CT and MRI in 

Urinary Tract Infections: A Spectrum of Different Imaging Findings. 
Medicina (Kaunas). 2021 Jan 1;57(1):32. doi: 

10.3390/medicina57010032. PMID: 33401464; PMCID: PMC7824127. 

8. Singh RP, Jamal A. A Study of Normal Renal Dimensions at 

Ultrasonography and Their Influencing Factors in an Indian Population. 
Cureus. 2023 Jun 21;15(6):e40748. doi: 10.7759/cureus.40748. PMID: 

37485168; PMCID: PMC10361447. 

9. Johnny Thornton, Catherine Wall, Caitriona Mcevoy, et al, 

#3089 Radiological assessment of suspected acute pyelonephritis in the 
management of urosepsis and prevention of acute kidney injury, 

Nephrology Dialysis Transplantation, Volume 39, Issue 

Supplement_1May2024, gfae069–1164–3089, 

https://doi.org/10.1093/ndt/gfae069.1164. 
10. Shafi PKM, Rosh P. A cross-sectional study on risk factors, 

clinical profile, and aetiology of acute pyelonephritis in a tertiary teaching 

hospital in Kerala. Journal of Evidence-Based Medicine and Healthcare. 

2020; 7(52): 3159- 3165. DOI: 10.18410/jebmh/2020/643  
11. Alyami AS, Majrashi NA, Elbashir M, Ali S, Shubayr N, 

Refaee T, Ageeli W, Madkhali Y, Abdelrazig A, Althobity AA, Alwadani 

B, AlShammari QT, Hendi AM. Normal sonographic measurements for 

kidney dimensions in Saudi adults: A cross-sectional prospective study. 
Medicine (Baltimore). 2024 Jun 14;103(24):e38607. Doi: 

10.1097/MD.0000000000038607. PMID: 38875368; PMCID: 

PMC11175874. 

12. Venkatesh L, Hanumegowda RK. Acute Pyelonephritis - 
Correlation of Clinical Parameters with Radiological Imaging 

Abnormalities. Journal of Clinical and Diagnostic Research. 2017 

Jun;11(6):TC15-TC18. doi: 10.7860/JCDR/2017/27247.10033.  

13. Udare A, Abreu-Gomez J, Krishna S. Imaging Manifestations 
of Acute and Chronic Renal Infection That Mimics Malignancy: How to 

Make the Diagnosis Using Computed Tomography and Magnetic 

Resonance Imaging. Canadian Association of Radiologists Journal. 2019 

Nov;70(4):424-433. doi: 10.1016/j.carj.2019.07.002. 
14. Nielsen CM, Skov K, Buus NH, Pedersen M, Ibsen L, Krag SP, 

Nyengaard JR. Kidney structural characteristics based on a kidney biopsy 

and contrast-enhanced computed tomography in healthy living kidney 
donors. Anat Rec (Hoboken). 2020 Oct;303(10):2693-2701. doi: 

10.1002/ar.24359.  

15. Vernuccio F, Patti D, Cannella R. CT imaging of acute and 

chronic pyelonephritis: a practical guide for emergency radiologists. 

Emergency Radiology. 2020 Oct;27(5):561-567. doi: 10.1007/s10140-

020-01788-z. 

16. Odajima K, Togashi R, Nemoto Y. Pyuria without Casts and 

Bilateral Kidney Enlargement Are Probable Hallmarks of Severe Acute 
Kidney Injury Induced by Acute Pyelonephritis: A Case Report and 

Literature Review—Internal Medicine. 2021 Jan 15;60(2):293-298. doi: 

10.2169/internalmedicine.5721-20.  
17. Farhat A, Jones IA, Saadat S, Dornhofer K, Kong C, Nguyen T, 

Lahham S, Fox JC. The association of smoking with ultrasound-measured 

kidney dimensions.  Clinical Nephrology. 2020 Jan;93(1):9-16. doi: 

10.5414/CN109854. 
18. Karami M, Rahimi F, Tajadini M. The kidney length evaluation 

and comparison of axial cuts in a spiral CT scan with its actual length. 

Adv Biomed Res. 2015 Jan 30;4:19. Doi: 10.4103/2277-9175.149850. 

PMID: 25709984; PMCID: PMC4333429. 

19. Huang Y, Zheng Y, Zhang C, Zhong S. Ultrasound Assessment 

of the Relevance of Liver, Spleen, and Kidney Dimensions with Body 

Parameters in Adolescents. Computational and Mathematical Methods in 

Medicine. 2022 Jul 4;2022:9150803. Doi: 10.1155/2022/9150803.  
20. Kumar S, Ramachandran R, Metel U, Mittal T, Dutta F, Kumar 

V. Acute pyelonephritis in diabetes mellitus: Single center experience. 

Indian J Nephrol. 2014;24:367 371. doi: 10.4103/0971-4065.135347 

21. Rollino C, Beltrame G, Ferro M, Qudttrocchio G, Sandrone M, 
Quarello F. Acute pyelonephritis in adults: A case series of 223 patients. 

Nephrol Dial Transplant. 2012;27:3488–93. doi: 10.1093/ndt/gfr810.  

22. Khaled Alenazi, Haitham Alahmad, Salman Albeshan, Meshari 

Almeshari, Ahmad Abanomy, Size specific dose estimates for adult 
patients in CT of the Kidney, Ureters, and Bladder (KUB) based on 

effective diameter and water equivalent diameter,Radiation Physics and 

Chemistry,Volume229,2025112523,ISSN0969806X,https://doi.org/10.1

016/j.radphyschem.2025.112523. 
23. Pezeshki Rad M, Abbasi B, Valizadeh N,et al. Evaluation of 

Normal Renal Size and its Influencing Factors: A Cross-Sectional Study 

on the Adult Population of Mashhad. Caspian J Intern Med. 2022 

Summer;13(3):623-633. doi: 10.22088/cjim.13.3.623. PMID: 35974941; 
PMCID: PMC9348224. 

24. Hlushchuk R, Zubler C, Barré S, Correa Shokiche C, Schaad L, 

Röthlisberger R, et al. Cutting- edge microangio-CT: new dimensions in 

vascular imaging and kidney morphometry. American Journal of 
Physiology-Renal Physiology. 2018 Mar 1;314(3):F493-F499. doi: 

10.1152/ajprenal.00099.2017. Epub 2017 Nov 22. 

 

 
 

 

 
Open Access This article is licensed under a Creative Commons Attribution 4.0 

International License, http://creativecommons.org/licen ses/by/4.0/. © The 

Author(s) 2025 

http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

