
Letters in High Energy Physics 
ISSN: 2632-2714 

Volume 2024 
August 

 

 

6725 

Pathogenesis and Proper Management of Ascending 

Pyelonephritis in Female Children and Adolescents: A 

Comprehensive Review 

Ashraf Nouri Almuzain1, Mohammed Saad Alqahtani2, Nazim Faisal Hamed3, Ashraf 

Ismail Serhan3, Ahmad Salem Abu Lebeh4 

1 Consultant Pediatric Nephrologist, King Fahd University Hospital, Khobar, Saudi Arabia 

2 Consultant of Pediatric Infectious Diseases, Department Of Pediatric, Ministry Of National Guard Health 

Affairs, Dammam, Saudi Arabia 

3 Consultant Of General Pediatrics, Security Forces Hospital, Dammam, Saudi Arabia 

4 Assistant Consultant Of General Pediatrics, Security Forces Hospital, Dammam, Saudi Arabia 

Abstract: 

Ascending pyelonephritis is a significant medical condition observed in female children and adolescents, 

characterized by the infection and inflammation of the kidney parenchyma due to the ascent of bacteria through 

the urinary tract. This comprehensive review aims to elucidate the pathogenesis of ascending pyelonephritis, 

specifically in female demographics, where anatomical and physiological factors contribute to a heightened 

susceptibility. We explore the primary etiological agents, most notably Escherichia coli, and discuss how factors 

such as urinary stasis, vesicoureteral reflux, and hormonal fluctuations during puberty can exacerbate the risk of 

infection. Furthermore, we delve into the clinical presentation, which can range from mild to severe, with 

symptoms including fever, flank pain, dysuria, and gastrointestinal disturbances. We emphasize the importance 

of early diagnosis through clinical assessment and urinalysis, which is pivotal to prevent potential renal scarring 

and long-term complications. Imaging studies, such as ultrasound or CT scans, may be warranted in cases of 

severe or recurrent pyelonephritis to assess anatomical abnormalities or to rule out complications like abscess 

formation. Proper management of ascending pyelonephritis encompasses both acute treatment strategies and 

Long-term preventive measures. Antibiotic therapy, typically initiated empirically, should be guided by culture 

and sensitivity results to ensure efficacy. This review also highlights the importance of addressing predisposing 

factors in management, including proper toileting habits, hydration, and, where applicable, surgical intervention 

for anatomical abnormalities. In conclusion, appropriate management of ascending pyelonephritis in female 

children and adolescents not only involves effective treatment of acute infections but also necessitates a 

comprehensive approach that addresses underlying risk factors to mitigate recurrence and ensure optimal renal 

health. Future research is encouraged to explore preventive strategies and tailored therapies to enhance outcomes 

in this vulnerable population. 

Keywords: Urinary tract infection, Risk factors, Renal ultrasonography, Antibiotic prophylaxis, Chronic kidney 
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Introduction: 

Ascending pyelonephritis is a significant health 

concern among female children and adolescents, 

characterized by the infection of the renal 

parenchyma due to the retrograde ascent of 

pathogens from the lower urinary tract. This 

condition is particularly prevalent in females due to 

anatomical and physiological factors that predispose 

them to urinary tract infections (UTIs). The 

prevalence of UTIs in pediatric populations is 

alarming, with studies indicating that they account 

for a substantial proportion of febrile illnesses in 

children. For instance, research has shown that over 

75% of febrile children under five years of age with 

documented UTIs have pyelonephritis, highlighting 

the critical need for prompt diagnosis and 

management to prevent complications such as renal 

scarring and chronic kidney disease [1][2][3]. 

The pathogenesis of ascending pyelonephritis is 

multifactorial, often involving a combination of host 

factors, bacterial virulence, and environmental 

influences. Female anatomy, characterized by a 
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shorter urethra and proximity of the urethral opening 

to the anus, significantly increases the risk of 

bacterial colonization and subsequent infection 

[4][5]. Furthermore, conditions such as 

vesicoureteral reflux (VUR) and urinary tract 

anomalies can exacerbate the risk of recurrent 

infections, leading to a vicious cycle of infection and 

renal damage [6][5][7]. The prevalence of VUR in 

children with UTIs is notable, with studies 

indicating that it is present in a significant 

percentage of cases, particularly among those 

experiencing recurrent infections [5][8]. 

In addition to anatomical predispositions, the 

microbiological landscape of pediatric UTIs is 

evolving, with increasing rates of antibiotic 

resistance complicating treatment strategies. The 

predominant pathogens in pediatric UTIs include 

Escherichia coli, which is responsible for the 

majority of cases, but other organisms such as 

Klebsiella and Pseudomonas aeruginosa are also 

emerging as significant contributors [9][10]. The 

rise of multidrug-resistant organisms poses a 

substantial challenge to effective management, 

necessitating a careful selection of empirical 

antibiotic therapy based on local resistance patterns 

[11][12]. This situation underscores the importance 

of ongoing surveillance and research to inform 

treatment guidelines and improve patient outcomes. 

The clinical presentation of ascending 

pyelonephritis can vary, but it often includes 

symptoms such as fever, flank pain, and dysuria. In 

young children, the nonspecific nature of symptoms 

can lead to diagnostic challenges, as UTIs may be 

mistaken for other febrile illnesses [13][14]. 

Consequently, a high index of suspicion is required, 

particularly in populations at risk, such as those with 

a history of recurrent UTIs or underlying urinary 

tract anomalies [13][15]. Diagnostic imaging, 

including ultrasound, plays a crucial role in 

identifying structural abnormalities and assessing 

the extent of renal involvement, which can guide 

management decisions [6][16][5]. 

Management of ascending pyelonephritis in female 

children and adolescents typically involves prompt 

initiation of appropriate antibiotic therapy, often 

guided by urine culture results. In cases of severe 

infection or complications such as abscess 

formation, hospitalization and intravenous 

antibiotics may be necessary [17][18]. Furthermore, 

addressing underlying risk factors, such as VUR or 

urinary tract obstruction, is essential to prevent 

recurrence and long-term renal damage [19][5]. 

Prophylactic antibiotic therapy may be indicated in 

certain high-risk populations, although the decision 

must be balanced against the potential for 

developing antibiotic resistance [8][12]. 

Ascending pyelonephritis represents a significant 

health issue in female children and adolescents, 

necessitating a comprehensive understanding of its 

pathogenesis, clinical presentation, and 

management strategies. The interplay of anatomical, 

microbiological, and environmental factors 

contributes to the complexity of this condition, 

underscoring the need for vigilant surveillance, 

timely diagnosis, and tailored treatment approaches 

to mitigate the risk of complications and ensure 

optimal outcomes for affected individuals. 

Epidemiology of Ascending Pyelonephritis in 

Female Children and Adolescents: 

Ascending pyelonephritis, a severe form of urinary 

tract infection (UTI), predominantly affects female 

children and adolescents, presenting a significant 

public health concern. The epidemiology of this 

condition reveals critical insights into its prevalence, 

causative agents, and associated risk factors. Studies 

indicate that acute pyelonephritis occurs at an annual 

incidence of approximately 15 to 17 cases per 

10,000 population among females, with a notable 

increase in incidence among young girls compared 

to boys, particularly in the first few years of life. The 

anatomical and physiological differences between 

genders, such as the shorter female urethra and its 

proximity to the anus, contribute to this disparity, 

facilitating easier bacterial ascent from the lower 

urinary tract to the kidneys [20]. 

Escherichia coli remains the predominant pathogen 

responsible for ascending pyelonephritis, 

accounting for 66.6% of cases in chronic 

pyelonephritis and a significant proportion in acute 

infections. Other pathogens, including Enterococcus 

faecium and various strains of Enterobacteriaceae, 

also contribute to the infection landscape, 

particularly in cases complicated by antibiotic 

resistance. The emergence of multidrug-resistant E. 

coli strains poses a growing challenge in managing 

pediatric pyelonephritis, necessitating ongoing 

surveillance and adaptation of treatment protocols. 

The virulence factors associated with these 

pathogens, such as fimbriae and toxins, enhance 
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their ability to adhere to and invade the urinary tract, 

further complicating the clinical picture [21]. 

The prevalence of pyelonephritis is notably 

influenced by underlying anatomical abnormalities, 

such as vesicoureteral reflux (VUR), which is 

present in a significant proportion of affected 

children [22]. VUR increases the likelihood of 

recurrent UTIs and subsequent kidney infections, 

leading to potential long-term complications, 

including renal scarring and hypertension. The 

association between VUR and pyelonephritis 

underscores the importance of early diagnosis and 

management of urinary tract anomalies in pediatric 

populations. Furthermore, metabolic conditions 

such as diabetes mellitus have been linked to an 

increased risk of pyelonephritis, particularly in 

female adolescents, highlighting the multifactorial 

nature of this disease [23]. 

Pathophysiology: Understanding the 

Mechanisms of Infection: 

The pathophysiology of ascending pyelonephritis, 

particularly in female children and adolescents, 

involves a complex interplay of host factors, 

bacterial virulence, and environmental influences. 

Ascending pyelonephritis typically arises from a 

urinary tract infection that begins in the lower 

urinary tract, often the bladder, and ascends to the 

kidneys. The most common causative agent is 

Escherichia coli, which accounts for approximately 

80-90% of pediatric UTIs. The virulence of 

uropathogenic E. coli is enhanced by several factors, 

including fimbriae that facilitate adherence to 

uroepithelial cells, toxins that damage host tissues, 

and the ability to evade the host immune response. 

This ability to colonize and persist in the urinary 

tract is critical for the development of 

pyelonephritis, as it allows the bacteria to ascend to 

the renal pelvis and parenchyma, leading to 

inflammation and infection [24]. 

In the context of female children and adolescents, 

anatomical and physiological factors significantly 

contribute to the risk of ascending infections. The 

shorter female urethra, which is approximately 3-4 

cm in length, facilitates the rapid ascent of bacteria 

from the perineal area to the bladder and 

subsequently to the kidneys. Additionally, hormonal 

changes during puberty may influence susceptibility 

to infections, as estrogen can alter the urogenital 

flora and immune response. Furthermore, conditions 

such as vesicoureteral reflux, which is present in 30-

40% of children with recurrent UTIs, exacerbate the 

risk of pyelonephritis by allowing urine to flow back 

from the bladder into the ureters and kidneys. This 

retrograde flow can introduce bacteria into the renal 

parenchyma, leading to inflammation and potential 

renal scarring if not adequately managed [25]. 

The immune response plays a crucial role in the 

pathophysiology of ascending pyelonephritis. The 

innate immune system is the first line of defense 

against invading pathogens, and its effectiveness can 

be influenced by various factors, including vitamin 

D levels. Vitamin D is known to enhance the 

production of antimicrobial peptides, such as 

cathelicidin, which help to protect the urinary tract 

from bacterial adherence and invasion. Studies have 

shown that children with vitamin D deficiency are at 

a higher risk for developing UTIs, suggesting that 

adequate vitamin D levels may be protective against 

ascending infections. Moreover, the inflammatory 

response triggered by the infection can lead to the 

release of cytokines and chemokines, which recruit 

immune cells to the site of infection, further 

contributing to the inflammatory process. This 

response, while necessary for clearing the infection, 

can also result in tissue damage and renal scarring if 

the infection is severe or recurrent [26]. 

The pathophysiological mechanisms of ascending 

pyelonephritis also involve the interaction between 

the pathogen and the host's urinary tract 

environment. The renal system comprises various 

microenvironments that present unique challenges 

to invading pathogens, including differences in pH, 

osmolarity, and the presence of immune cells. 

During infection, the balance between bacterial 

colonization and clearance is dynamic, influenced 

by factors such as urine flow, the presence of urinary 

stones, and the overall health of the host's immune 

system. For instance, urinary stasis due to 

anatomical abnormalities or functional issues can 

promote bacterial growth and increase the risk of 

pyelonephritis. Additionally, the presence of 

biofilms on the uroepithelial surface can protect 

bacteria from the host immune response and 

antibiotic treatment, complicating the management 

of infections [27]. 

Clinical Presentation and Diagnosis: 

The clinical presentation and diagnosis of ascending 

pyelonephritis in female children and adolescents is 
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a multifaceted process that requires careful 

consideration of various symptoms, diagnostic tools, 

and underlying pathophysiological mechanisms. 

Ascending pyelonephritis, characterized by the 

inflammation of the renal parenchyma due to the 

ascent of bacteria from the lower urinary tract, often 

presents with a range of clinical manifestations. 

Common symptoms include fever, flank pain, 

dysuria, and increased urinary frequency, which 

may be accompanied by systemic signs of infection 

such as chills and malaise. In pediatric populations, 

particularly in females, the clinical presentation can 

be atypical, necessitating a high index of suspicion 

for prompt diagnosis and management [28]. 

In children, the diagnosis of ascending 

pyelonephritis can be particularly challenging due to 

the overlap of symptoms with other urinary tract 

infections and the potential for atypical 

presentations. For instance, infants and young 

children may exhibit nonspecific symptoms such as 

irritability, vomiting, or poor feeding, which can 

obscure the diagnosis of pyelonephritis. 

Furthermore, the presence of metabolic acidosis in 

10-25% of children with acute pyelonephritis 

indicates significant renal involvement that may not 

be immediately apparent through standard clinical 

evaluation. Therefore, a thorough history and 

physical examination are essential to differentiate 

pyelonephritis from lower urinary tract infections 

and other potential causes of abdominal pain or fever 

[29]. 

Laboratory tests play a crucial role in the diagnosis 

of ascending pyelonephritis. Urinalysis typically 

reveals pyuria, bacteriuria, and possibly hematuria, 

which are indicative of a urinary tract infection. 

However, the sensitivity of urinalysis can vary, and 

false negatives may occur, particularly in cases of 

Ureaplasma-induced pyelonephritis, which requires 

specialized culture techniques for accurate 

identification [30]. Blood tests, including serum 

procalcitonin and C-reactive protein levels, can 

provide additional diagnostic information, as 

elevated levels of these biomarkers are associated 

with bacterial infections and can help distinguish 

pyelonephritis from other types of UTIs. 

Imaging studies, such as renal ultrasound or 

computed tomography (CT), may be warranted in 

cases of severe or recurrent pyelonephritis to assess 

for complications such as abscess formation or 

obstructive uropathy. In particular, ultrasound is 

often the first-line imaging modality due to its safety 

and effectiveness in evaluating renal anatomy and 

detecting hydronephrosis, which can occur 

secondary to obstructive uropathy. In cases where 

the diagnosis remains uncertain, or if there is a 

suspicion of anatomical abnormalities, further 

imaging may be necessary to guide management 

decisions [31]. 

The pathogenesis of ascending pyelonephritis is 

closely linked to the virulence factors of 

uropathogenic Escherichia coli, which is the most 

common causative agent in pediatric cases. The 

ability of UPEC to adhere to the uroepithelium via 

fimbriae and other adhesins is critical for the 

establishment of infection. Genetic predispositions, 

such as polymorphisms in the CXCR1 gene, have 

been associated with increased susceptibility to 

pyelonephritis, highlighting the importance of host 

factors in the disease process. Furthermore, the 

presence of concurrent conditions such as 

urolithiasis or bladder dysfunction can exacerbate 

the risk of ascending infections, necessitating a 

comprehensive evaluation of the patient's medical 

history and any underlying anatomical or functional 

abnormalities [32]. 

Complications and Long-term Consequences of 

Untreated Pyelonephritis: 

The complications and long-term consequences of 

untreated ascending pyelonephritis in female 

children and adolescents can be severe and 

multifaceted, leading to significant morbidity and 

potential mortality. One of the most immediate 

complications of untreated pyelonephritis is the 

development of renal abscesses, which can occur 

when the infection leads to localized collections of 

pus within the renal parenchyma. This condition can 

result in acute kidney injury (AKI), necessitating 

interventions such as hemodialysis in severe cases. 

The formation of renal abscesses is often 

accompanied by parenchymal destruction, which 

can lead to permanent renal scarring and a 

significant reduction in renal function over time. The 

risk of these complications underscores the 

importance of early diagnosis and treatment of 

pyelonephritis to prevent progression to more severe 

forms of kidney damage [33]. 

In addition to renal abscess formation, untreated 

pyelonephritis can lead to chronic kidney disease 

(CKD) due to the cumulative effects of recurrent 
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infections and ongoing inflammation. Studies have 

shown that children who experience recurrent 

urinary tract infections (UTIs) and pyelonephritis 

are at increased risk for developing renal scarring, 

which can predispose them to CKD later in life. The 

presence of renal scarring is particularly concerning 

as it can lead to impaired glomerular function, 

hypertension, and even end-stage renal disease 

(ESRD). Furthermore, the long-term consequences 

of untreated pyelonephritis may extend beyond renal 

function, potentially affecting overall health and 

quality of life. For instance, children with a history 

of pyelonephritis may experience growth retardation 

and developmental delays due to the chronic nature 

of their illness and its impact on their overall health 

[34]. 

Another significant long-term consequence of 

untreated pyelonephritis is the potential for the 

development of xanthogranulomatous 

pyelonephritis (XGP), a rare but severe form of 

chronic pyelonephritis characterized by extensive 

renal parenchymal destruction and infiltration of 

lipid-laden macrophages. XGP can lead to non-

functioning kidneys and may require surgical 

intervention, including nephrectomy, to manage the 

complications associated with this condition. The 

chronic inflammation associated with XGP can also 

predispose individuals to renal malignancies, 

particularly in cases where there is concurrent renal 

stone disease or chronic obstruction. This highlights 

the need for vigilant monitoring and management of 

patients with a history of recurrent pyelonephritis to 

mitigate the risk of such severe outcomes [35]. 

Moreover, untreated pyelonephritis can lead to 

systemic complications, including sepsis, which can 

be life-threatening. The risk of sepsis is particularly 

elevated in patients with underlying conditions such 

as diabetes mellitus, which can exacerbate the 

severity of the infection and complicate 

management. In such cases, the presence of gas-

forming organisms can lead to emphysematous 

pyelonephritis (EPN), a severe necrotizing infection 

that poses a significant risk of mortality. The 

management of EPN often requires aggressive 

treatment, including antibiotics and surgical 

intervention, to prevent further deterioration of renal 

function and to address the systemic effects of the 

infection [36]. 

 

Treatment Approaches: 

The treatment of ascending pyelonephritis in female 

children and adolescents requires a multifaceted 

approach, primarily focusing on antibiotic therapy, 

supportive care, and, in some cases, surgical 

intervention. The first-line treatment for 

uncomplicated pyelonephritis typically involves the 

use of broad-spectrum antibiotics. For instance, 

pivmecillinam has shown efficacy in treating 

community-acquired uncomplicated pyelonephritis, 

with a study indicating a 63% cure rate when 

administered alongside ampicillin. Furthermore, 

cefmetazole has been reported as effective against 

extended-spectrum β-lactamase (ESBL)-producing 

Enterobacteriaceae in pediatric cases, although the 

evidence primarily comes from adult studies [37]. 

In addition to antibiotic therapy, the duration of 

treatment has been a subject of debate. Recent 

studies have suggested that shorter courses of 

antibiotics, ranging from 5 to 7 days, may be 

sufficient for uncomplicated cases, challenging the 

traditional 10 to 14-day regimens. This is 

particularly relevant in pediatric populations where 

minimizing antibiotic exposure is essential to 

combat rising resistance rates. Moreover, it has been 

noted that intravenous antibiotics may not 

necessarily improve outcomes compared to shorter 

oral regimens, as evidenced by a study that found no 

significant difference in disease course between 

patients receiving different durations of intravenous 

therapy [38]. 

Supportive care is also a critical component of 

treatment. Increased hydration is recommended to 

help flush out the urinary tract and mitigate the risk 

of further infections. This is particularly important 

in pediatric patients, where dehydration can 

exacerbate renal stress and contribute to recurrent 

urinary tract infections (UTIs). Additionally, 

monitoring for complications such as renal 

abscesses or sepsis is vital, as these can significantly 

alter the management plan and may necessitate 

surgical intervention. In severe cases, particularly 

those involving complications like 

xanthogranulomatous pyelonephritis, surgical 

options such as nephrectomy may be considered to 

prevent permanent kidney damage [39]. 

The role of antimicrobial stewardship cannot be 

overstated in the management of ascending 

pyelonephritis. With the increasing prevalence of 
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antibiotic resistance, it is imperative that clinicians 

adhere to guidelines that promote appropriate 

prescribing practices. Studies have shown that 

adherence to clinical practice guidelines 

significantly reduces inappropriate antibiotic use, 

thereby preserving the effectiveness of existing 

treatments. Furthermore, the involvement of 

pharmacists in outpatient settings has been 

recommended to enhance stewardship efforts and 

ensure that treatment algorithms are followed [40]. 

Conclusion: 

In conclusion, ascending pyelonephritis in female 

children and adolescents presents a significant 

clinical challenge, necessitating a nuanced 

understanding of its pathogenesis and management 

strategies. The condition often arises from urinary 

tract infections, typically fueled by anatomical 

predispositions and factors such as vesicoureteral 

reflux. Early recognition and accurate diagnosis are 

pivotal, as prompt intervention can prevent 

complications such as renal scarring and chronic 

kidney disease.  Proper management begins with 

empirical antibiotic therapy, tailored based on 

susceptibility patterns, and should be followed by 

targeted treatment based on urine culture results. 

Additionally, the role of prophylactic antibiotics in 

recurrent cases warrants consideration, particularly 

in those with underlying anatomical anomalies. 

Healthcare providers must also emphasize education 

on hygiene practices and lifestyle modifications to 

mitigate risk factors associated with urinary tract 

infections. Furthermore, the integration of 

multidisciplinary approaches that involve 

pediatricians, urologists, and nephrologists can 

enhance treatment outcomes. Ongoing research is 

essential to elucidate the molecular mechanisms 

underlying the disease and to develop innovative 

therapeutic and preventive strategies. Ultimately, a 

comprehensive approach to understanding and 

managing ascending pyelonephritis will improve 

health outcomes for female children and 

adolescents, fostering their overall well-being and 

long-term renal health. 
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