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Use of artificial intelligence for sepsis risk prediction after flexible 
ureteroscopy: a systematic review 

Uso da inteligência artificial na predição do risco de sepse pós-ureteroscopia 
flexível: uma revisão sistemática

 INTRODUCTION

Renal lithiasis is a disease with increasing prevalence in 

recent years and has both non-surgical and surgical 

treatments1. Flexible ureteroscopy is a minimally invasive 

surgical technique, widely used not only for treatment, 

but also for the diagnosis of urological conditions2. 

Although its complication rates are relatively low, the 

procedure can result in postoperative urosepsis, a serious 

and potentially fatal infection3. Thus, timely detection 

and adequate management are crucial to prevent its 

progression to septic shock, multiple organ failure, and 

ultimately death4.

Since sepsis is a systemic inflammatory 

response associated with organ dysfunction due to an 

infection, it includes signs and symptoms such as fever, 

tachypnea, tachycardia, and arterial hypotension5. 

Screening can be performed using the Sequential Organ 

Failure Assessment (SOFA) and Quick Sequential Organ 

Failure Assessment (qSOFA) scores, with the diagnosis 

given by an increase of 2 or more points in SOFA and 

suspected or confirmed infection6.

Several clinical and laboratory parameters 

have been identified as risk factors for postoperative 

sepsis3. Traditional risk prediction models based on 

these parameters have shown limited accuracy, leading 

to a growing interest in the development of algorithms 

based on artificial intelligence to predict disease risk 

after urological procedures7. These algorithms can 

analyze large volumes of data from electronic health 

records, including vital signs, laboratory values, and 

clinical history.

Recent advances in artificial intelligence have 

brought new opportunities for the creation of models 

based on risk factors, enabling strategies to improve 

clinical outcomes and minimize postoperative morbidity. 
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A B S T R A C TA B S T R A C T

Introduction: flexible ureteroscopy is a minimally invasive surgical technique used for the treatment of renal lithiasis. Postoperative 

urosepsis is a rare but potentially fatal complication. Traditional models used to predict the risk of this condition have limited accuracy, 

while models based on artificial intelligence are more promising. The objective of this study is to carry out a systematic review regarding 

the use of artificial intelligence to detect the risk of sepsis in patients with renal lithiasis undergoing flexible ureteroscopy. Methods: the 

literature review is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). The keyword 

search was performed in MEDLINE, Embase, Web of Science and Scopus and resulted in a total of 2,496 articles, of which 2 met the 

inclusion criteria. Results: both studies used artificial intelligence models to predict the risk of sepsis after flexible uteroscopy. The first 

had a sample of 114 patients and was based on clinical and laboratory parameters. The second had an initial sample of 132 patients 

and was based on preoperative computed tomography images. Both obtained good measurements of Area Under the Curve (AUC), 

sensitivity and specificity, demonstrating good performance. Conclusion: artificial intelligence provides multiple effective strategies for 

sepsis risk stratification in patients undergoing urological procedures for renal lithiasis, although further studies are needed.
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The studies carried out reported promising results, with 

artificial intelligence algorithms demonstrating greater 

accuracy than traditional models for risk prediction5,8. 

However, the implementation of such tools in clinical 

practice still faces several challenges, for example 

data quality and privacy concerns, transparency and 

interpretability of algorithms, integration with clinical 

workflows, and costs.

The purpose of this article is to provide an 

overview of the current state of knowledge about 

using artificial intelligence to predict sepsis risk after 

ureteroscopy for kidney stones and to discuss the 

challenges and opportunities for bringing these tools 

into patient care.

 METHODS

We conducted this systematic review 

from October to November 2022, registered in the 

Prospectve Register of Systematic Reviews (PROSPERO 

- 42022374866), and in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) checklist. We performed the search strategy 

according to the PICO criteria (Patient, Intervention, 

Comparison, and Outcome), where P: patients with 

renal lithiasis treated with flexible ureteroscopy, I: 

machine learning models, C: no models, and O: 

postoperative complications. The databases used were 

MEDLINE, Embase, Web of Science, and Scopus, with 

the combination of keywords: “uretero*”, “renoscopy”, 

“fURS” (flexible ureteroscopy), “RIRS” (retrograde 

intrarenal surgery), “retrograde intrarenal surgery”, 

“deep learning”, “machine learning”, “artificial neural 

network”, “artificial intelligence”, without a defined 

search period.

The inclusion criteria were:

1. Studies of patients with renal lithiasis 

treated with flexible ureteroscopy involving 

machine learning models; and 

2. Studies in English.

The exclusion criteria were:

1. Editorials, comments, summaries, reviews, 

or book chapters; and

2. Studies in animals, laboratories, or 

cadavers.

We exported all articles to the EndNote software. 

First, we evaluated the titles, then the abstracts, and, after 

screening, we analyzed their full texts to select those that 

met the inclusion criteria.

 RESULTS

We initially selected 2,496 and, after screening 

according to the inclusion criteria, two articles were 

included in the final review (Figure 1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-
-Analyses (PRISMA).

In the first study, Pietropaolo et al.5 used a 

sample of 114 patients to analyze the use of a predictive 

machine learning model in patients who had urosepsis 

and needed support in the Intensive Care Unit (ICU) 

after ureteroscopy. Of the 114 patients, 57 developed 

urosepsis (group A) and 57 did not (group B).

The machine learning model implemented 

was the randomforests package of the R statistics 

software. The predicted risk of having sepsis was 82% 
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in group A and the predicted risk of not having sepsis 

was 80% in group B. Model accuracy was 81.3% (95% 

CI 63.7 92.8%), sensitivity = 0.80, specificity = 0.82, 

and Area Under the Curve (AUC) = 0.89. Variables such 

as the proximal location of the calculus, prolonged stent 

use, large calculus size, and long operative time were 

significant for the occurrence of the disease5.  

In the second study, Chen et al.8 investigated 

models to assess the risk of sepsis after calculus 

removal from the analysis of preoperative computed 

tomography images. Each model was developed on 

an initial sample of 132 patients (44 patients who had 

sepsis and 88 who did not), matched for preoperative 

demographic characteristics, and then validated in a 

group of 40 patients. Female sex, presence of fever, 

and positive preoperative urine culture were significant 

risk factors for the development of urosepsis in the 

univariate analysis and were equalized in both groups 

after the matching process. 

The first model was the Least Absolute 

Shrinkage and Selection Operator (LASSO) and 

obtained an AUC = 0.881 (95% CI, 0.813-0.931), 

with a sensitivity of 79.55% and specificity of 96.59%. 

When the developed model was tested in the validation 

group, it continued to perform well, with AUC = 0.783 

(95% CI, 0.766-0.801) and sensitivity and specificity of 

88%. The second model was a Deep Neural Network 

(DNN), displaying an AUC = 0.920 (95% CI, 0.906-

0.933) in the internal validation, with a sensitivity of 

85.71% and specificity of 94.73%. When the developed 

model was tested in the validation group, it continued 

to perform well, with AUC = 0.874 (95% CI, 0.856-

0.891), sensitivity of 77%, and specificity of 88.67%8.

 DISCUSSION

The worldwide increase in the prevalence of 

renal lithiasis is directly related to the increase in obesity 

and diabetes. The general recommendations for adequate 

control of comorbidities, increased fluid intake, decreased 

salt intake, and moderate protein consumption are 

maintained1. Drug and surgical treatments depend on 

factors such as the size of the kidney stones9.

According to the guidelines of the European 

Association of Urology, flexible ureteroscopy is the main 

surgical treatment for renal calculi smaller than 20mm10 

and presents high calculi free rates, 90% for the ones 

smaller than 10mm and 80% for those smaller than 

15mm, especially when compared with percutaneous 

nephrolithotomy rates for stones of the same size9.

Although being a minimally invasive surgery, it 

can present complications due to urinary tract infections. 

A recent systematic review found that the sepsis rate 

ranged from 0.5% to 11.1% and the septic shock rate 

ranged from 0.3% to 4.6%11. The occurrence of sepsis 

after flexible ureteroscopy has, as risk factors, presence of 

comorbidities, age below 40 years, positive urine culture11, 

anatomical anomalies of the urinary tract12, female sex13, 

prolonged surgical time14, larger stones, high irrigation 

pressure15, and insertion of a double-J catheter after the 

procedure16.

Preoperative identification of patients at higher 

risk of developing postoperative urosepsis can help create 

preventive strategies, such as prophylactic antibiotic 

therapy, preoperative counseling, and intraoperative 

support, in addition to avoiding unnecessary antibiotic 

therapy in low-risk patients. Such measures would result 

in a better prognosis5.

The use of artificial intelligence is expanding 

every day due to the ability of a machine to perform human 

cognitive tasks and thus bring many benefits to the areas 

of activity. Machine learning, deep learning and artificial 

neural network are some of its strands, and the function 

of the first is to allow the computer to recognize patterns 

and create predictions through algorithms, building a 

learning model5. Within medicine, specifically urology, the 

application of technology assists in diagnosis, detection 

of the composition of kidney stones and prediction of 

treatment results, including complications and recurrence 

rate17.

Through the articles selected in our review, an 

important advance in the area was identified, with the 

objective of predicting an individualized prognosis of the 

risk of sepsis after flexible ureteroscopy. The radiomic 

model by Chen et al. proposes to predict the risk of sepsis 

after ureteroscopy only using tomographic images8, 

while the study by Pietropaolo et al. performs a more 

conventional approach, performing a multivariate analysis 

of clinical variables that meets the univariate results 

previously demonstrated in the literature5.
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Parallel to the model by Chen et al.8, Blum et 

al.18 created a machine learning structure to improve the 

early detection of hydronephrosis due to obstruction of 

the pelvic-ureteral junction based on image data and 

obtained an accuracy of 93% in cases in need of surgery. 

Kocak et al.19 developed a machine learning model based 

on computed tomography results to distinguish three 

main subtypes of Renal Cell Carcinoma (RCC). The model 

was able to satisfactorily distinguish non-RCC from 

RCC. Feng et al.20 used a machine learning approach to 

differentiate small sizes (<4cm) of angiomyolipomas and 

carcinoma on computed tomography scans with high 

accuracy, sensitivity and specificity.

Likewise, corresponding to the model by 

Pietropaolo et al.5, Song et al.7 evaluated in their 

review whether machine learning models were superior 

compared to logistic regression, which is a more 

conventional forecasting model. Both techniques were 

used in the prediction of acute kidney injury and it was 

concluded that, in the literature, machine learning was 

superior due to greater adaptability. Aminsharifi et 

al.21 analyzed data from 146 adult patients undergoing 

percutaneous nephrolithotomy to validate the efficiency 

of a machine learning model to predict outcomes after 

the procedure. The program predicted surgical outcomes 

with an accuracy of up to 95%.

Even with the diversity of research in the area, 

our study observed few articles that specifically analyzed 

surgical results of flexible ureteroscopy involving artificial 

intelligence. A possible explanation for this is that, despite 

being a very versatile technology, the development of 

artificial intelligence models requires technical knowledge 

that is not accessible to most centers, either due to 

complexity, lack of incentive, among others. Also, internal 

and external validations must be conducted to confirm 

the accuracy and reliability of the models, reducing biases. 

However, once developed, we expect these models to 

integrate multiple approaches in the development of 

personalized medicine.

 CONCLUSION

Stratification of the risk of sepsis is fundamental 

for the operative planning of patients undergoing 

urological procedures in renal lithiasis, to guarantee the 

vitality of the patient. The literature review showed that 

artificial intelligence provides multiple effective strategies 

for this purpose, although further studies are needed.

Introdução: a ureteroscopia flexível é uma técnica cirúrgica minimamente invasiva utilizada para o tratamento de litíase renal. 
A urosepse pós-operatória é uma complicação rara, mas potencialmente fatal. Os modelos tradicionais utilizados para prever o 
risco dessa condição apresentam precisão limitada, enquanto modelos baseados em inteligência artificial são mais promissores. O 
objetivo desse estudo é realizar uma revisão sistemática a respeito do uso de inteligência artificial para detecção do risco de sepse 
em pacientes com litíase renal submetidos à ureteroscopia flexível. Métodos: a revisão de literatura está de acordo com o Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). A busca com palavras-chave foi realizada no MEDLINE, Embase, 
Web of Science e Scopus e resultou no total de 2.496 artigos, dos quais 2 se enquadraram nos critérios de inclusão. Resultados: os 
dois estudos utilizaram modelos de inteligência artificial para predizer o risco de sepse após utereroscopia flexível. O primeiro teve 
uma amostra de 114 pacientes e foi baseado em parâmetros clínicos e laboratoriais. O segundo teve uma amostra inicial de 132 
pacientes e foi baseado em imagens de tomografia computadorizada no pré-operatório. Ambos obtiveram boas medidas de Area 
Under the Curve (AUC), sensibilidade e especificidade, demonstrando boa performance. Conclusão: a inteligência artificial fornece 
múltiplas estratégias eficazes para estratificação do risco de sepse em pacientes submetidos a procedimentos urológicos para litíase 
renal, ainda que mais estudos sejam necessários.

Palavras-chave: Ureteroscopia. Sepse. Inteligência Artificial. Nefrolitíase. Aprendizado de Máquina.
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