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Grading hydronephrosis severity relies on subjective interpretation of renal ultrasound images. Deep learning is a data-driven algorithmic approach to classifying data, including images, presenting a promising option for grading hydronephrosis. The current study explored the potential of deep convolutional neural networks (CNN), a type of deep learning algorithm, to grade hydronephrosis ultrasound images according to the 5-point Society for Fetal Urology (SFU) classification system, and discusses its potential applications in developing decision and teaching aids for clinical practice. We developed a five-layer CNN to grade 2,420 sagittal hydronephrosis ultrasound images [191 SFU 0 (8%), 407 SFU I (17%), 666 SFU II (28%), 833 SFU III (34%), and 323 SFU IV (13%)], from 673 patients ranging from 0 to 116.29 months old (Mage = 16.53, SD = 17.80). Five-way (all grades) and two-way classification problems [i.e., II vs. III, and low (0–II) vs. high (III–IV)] were explored. The CNN classified 94% (95% CI, 93–95%) of the images correctly or within one grade of the provided label in the five-way classification problem. Fifty-one percent of these images (95% CI, 49–53%) were correctly predicted, with an average weighted F1 score of 0.49 (95% CI, 0.47–0.51). The CNN achieved an average accuracy of 78% (95% CI, 75–82%) with an average weighted F1 of 0.78 (95% CI, 0.74–0.82) when classifying low vs. high grades, and an average accuracy of 71% (95% CI, 68–74%) with an average weighted F1 score of 0.71 (95% CI, 0.68–0.75) when discriminating between grades II vs. III. Our model performs well above chance level, and classifies almost all images either correctly or within one grade of the provided label. We have demonstrated the applicability of a CNN approach to hydronephrosis ultrasound image classification. Further investigation into a deep learning-based clinical adjunct for hydronephrosis is warranted.

Keywords: hydronephrosis, machine learning, deep learning, ultrasound, diagnostic imaging, grading, diagnostic aid, teaching aid


INTRODUCTION

Machine learning is a field of research with far reaching applications that is generating considerable interest in medicine (1, 2). Deep learning, a subset of machine learning, is a general term for an algorithm that trains a many layered network to learn hierarchical feature representations from raw data. Due to the hierarchical nature of deep learning models, complex functions can be learned to solve difficult classification problems that were previously unsolvable by classic machine learning algorithms (3). Deep convolutional neural networks (CNNs) are a type of deep learning algorithm that are well-suited to computer vision tasks (3) due to their ability to take advantage of the multi-scale spatial structure of images (4). This makes CNN models an attractive candidate architecture for tackling medical imaging problems. In particular, they offer a promising avenue for creating clinical adjuncts to help train physicians, and flag/grade challenging diagnostic cases.

Prenatal hydronephrosis (HN) is a condition that involves accumulation of urine with consequent dilatation of the collecting system in fetuses. It is the most frequent neonatal urinary tract abnormality, occurring in 1–5% of all newborn babies (5). HN is detected by prenatal ultrasound (US) imaging and can be caused by several underlying conditions, such as uteropelvic junction obstruction or vesico-ureteral reflux (6). Although many cases eventually resolve on their own, in severe forms, afflicted infants may require surgical intervention (7, 8), and failure to intervene can result in loss of renal function (9, 10).

All patients with prenatal HN are normally evaluated after birth by postnatal renal ultrasonography to determine HN severity and the best course of treatment. Appropriate HN grading is important, as misclassification of any patient into the inappropriate HN category can lead to incorrect management and unnecessary testing since treatment is directly dependent on HN severity. Given the need for accurate and unambiguous classification of HN, numerous HN grading systems have been developed (11). However, poor inter-rater reliability (12, 13), particularly for intermediate HN grades, suggests that grading still relies on subjective interpretation of ultrasound images, as clear and objective criteria have not been fully established.

Owing to the ability of deep learning algorithms to classify images into diagnostic categories based solely on data-driven pattern recognition, the main purpose of this study was to extend on our previous work (14) to investigate whether deep learning algorithms can effectively grade the severity of HN using a prospectively collected HN database and separate them into 5 main classes. Secondary investigations were also conducted to assess whether the same model can effectively discriminate between low and high HN grades (SFU 0, I, II vs. III, IV), and between moderate (SFU II vs. III) cases. The results of this study may provide important insights into whether deep learning is a promising avenue of future study for discriminating different grades of HN, and developing clinical adjuncts. Given that our models were trained on images with human expert-generated training labels, we hypothesized that our deep learning model would perform at or very close to that of a human expert at HN grading. This would validate our method as a potential training tool for medical students and as an adjunctive tool for clinical experts.



MATERIALS AND METHODS


Study Population and Exclusion Criteria

Our database consists of 2-dimensional renal B-mode US images from an ongoing large prospective cohort study involving all patients diagnosed with prenatal HN who were referred to a tertiary care pediatric hospital. The database contains one sagittal US image per patient visit, spanning 687 patients. Each image was assigned a grade according to the Society for Fetal Urology (SFU) system, one of the most widely adopted HN classification systems (15), ranging from 0 (normal kidney) to IV (severe HN with parenchymal thinning). Grades were provided by three separate physicians (2 fellowship trained pediatric urologists and 1 fellowship trained pediatric radiologist—agreement K = 90%) with discrepancies resolved by consensus. From these 687 patients, 2,492 sagittal renal US images were collected. Seventy-two images from 14 patients were excluded due to poor image quality (e.g., blurry, large annotation overlaid, no visible kidney), leaving 2,420 sagittal US images from 673 patients (Nfemale = 159, Nmale = 514) ranging from 0 to 116.29 months old (Mage = 16.53, SD = 17.80) to be included in the analysis. Of these, 191 were labeled as SFU 0, 407 as SFU I, 666 as SFU II, 833 as SFU III, and 323 as SFU IV. Ethics clearance for this study was obtained through the Research Ethics Board.



Preprocessing

Preprocessing is a crucial step in machine learning, as standardizing images and taking simple steps to reduce noise and non-discriminative variability improves the ability of models to learn relevant information. In this study, all images were cropped to remove any annotations and blank space in the margins. The images were then despeckled using the bi-directional FIR-median hybrid despeckling filter to remove speckle noise from the images (16). Despeckling is a standard preprocessing technique for US images since speckle noise is caused by interference between the US probe and reflecting US waves. Finally, the image pixel values were normalized between 0 and 1, and all images resized to 256 × 256 pixels to provide a consistent image input size into our network. The final image size was chosen based on the smallest dimension of the cropped images to ensure that images were not stretched.

Data augmentation is a common approach to reducing overfitting and improving classification performance for small datasets (3, 17). It works by introducing variations on each image during training so as to build robustness into the model. In this study, we augment the data by rotating each image up to 45°, performing horizontal and vertical flips with a 50% probability, and shifting the image vertically and horizontally up to 20%.



Model Architecture

A CNN is a type of neural network that has been particularly successful in computer vision applications. CNNs are constructed from alternating convolutional layers and pooling layers. The structure of a CNN is inspired by that of the mammalian visual system, where earlier cortical areas receive input from small regions of the retina and learn simple local features such as edges, while regions at progressively higher levels in the visual system have correspondingly broader receptive fields, and learn complex features such as shape detectors. In a CNN, convolutional layers learn multiple local features of an image by processing it across many overlapping patches, while pooling layers summate the filter responses from the previous layer, thereby compressing the representations learned by the preceding convolutional layer to force the model to filter out unimportant visual information. As in the visual system, successive convolutional layers have progressively larger receptive fields, permitting more complex, and abstract image features to be learned in higher layers of the network. In classification models a standard multilayer perceptron, made up of a few fully connected layers of neurons (called dense layers) receives the learned image representation from the convolutional layers and attempts to classify the image. The entire network is trained using backpropagation, a neural network learning procedure which iteratively updates the strengths of the connections between layers of neurons in order to minimize classification error on the training data. For a detailed explanation of how CNNs work and are designed, see Le Cun et al. (18).

The CNN model used in the current study was developed using the Keras neural network API with Tensorflow (19, 20). The final architecture contained five convolutional layers, a fully connected layer of 400 units, and a final output layer where the number of units was equal to the number of classes for the given task (i.e., five or two) (Figure 1). The architecture was determined by experimenting with five-way SFU HN classification. The output unit/class with the highest overall final activation was used as the model's prediction and was compared against the provided label to assess performance. See Supplementary Materials for a description of all technical details.


[image: Figure 1]
FIGURE 1. The CNN architecture containing all convolutional (dark gray) and fully connected (black) layers. The convolutional kernels (light gray squares) were 3 × 3 pixels in all layers.




Model Training and Evaluation

Five-way (all SFU grades) and binary classification tests were conducted using 5-fold cross validation. See Supplementary Materials for a description of this process. The binary classification tests were selected due to their clinical relevance and included distinguishing between mild (0, I, and II) and severe (III and IV) HN grades, and between moderate grades (II vs. III). Layer-wise relevant propagation (21) was used to visualize model output.




RESULTS

Our model achieved an average five-way classification accuracy of 51% (95% CI, 49–53%), and an average weighted F1 score of 0.49 (95% CI, 0.47–0.51). Furthermore, 94% (95% CI, 93–95%) of images were either correctly classified or within one grade of the provided label (Figure 2).


[image: Figure 2]
FIGURE 2. The confusion matrix of the CNN model. Boxes along the diagonal in gray represent the number (percentage) of cases where the CNN made the correct classification decision. Light gray boxes represent the cases where the CNN was incorrect by one grade, and white boxes indicate cases where the CNN was incorrect by two or more grades.


Our model classified mild vs. severe HN with an average accuracy of 78% (95% CI, 75–82%), and an average weighted F1 of 0.78 (95% CI, 0.74–0.82). When differentiating between moderate grades (SFU II and III), our model achieved an average accuracy of 71% (95% CI, 68–74%) and an average weighted F1 score of 0.71 (95% CI, 0.68–0.75). See Table 1 for a comprehensive overview of model performance.


Table 1. CNN model classification results averaged across the 5-folds.
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DISCUSSION

We investigated the potential of deep CNN to create clinical adjuncts for HN. This was achieved by testing our model's ability to classify HN US images. We tested our model's performance on three different classification tasks that are relevant to clinical practice. These results, along with their potential clinical implications, are discussed below.


Five-Way Classification Performance

Our model achieved an average five-way classification accuracy that was well above chance level (51%). In practice, physicians usually have access to multiple different US images at different angles, as well as patient histories, and are therefore able to grade the US image by combining information from multiple views and timepoints. Although we are unable to compare our model's performance directly to a physician, achieving this level of accuracy with a single US image is very promising.

The model classified 94% (95% CI, 93–95%) of images either correctly or within one grade of the correct/provided label. Further investigation into the output of our model reveals that there are many borderline images where there is not an obvious choice for which class the image belongs to (e.g., Figures 3A,C). In cases such as these where two grades possible are, it must choose a single HN grade according to the SFU system, much like a physician (12, 13).


[image: Figure 3]
FIGURE 3. (A) Example SFU I, borderline SFU II/III, and SFU IV US images from the database. (B) The corresponding layerwise relevance propagations of each of the example images. Layer-wise relevance propagations give a sparse representation of pixel importance. Propagations were visualized as heat maps and overlaid on top of the gray-scale input US images. The cyan colored pixels indicate regions that the CNN heavily relied upon for classification. (C) The corresponding softmax output probability distribution of the borderline SFU II/III US image. The image was labeled as SFU grade III by physicians; however, the CNN predicted SFU grade II which was incorrect. We can see based on the probability distribution that the model “thought” SFU grade II and III were almost equally likely but had to select one grade as its prediction. This behavior is analogous to that of physicians and can be partially explained by the poor inter-rater reliability and subjectivity of the SFU system (i.e., intrinsic limitations of that classification).


Considering that HN grading can be challenging, and that subjective assessments are used to differentiate between borderline cases (12, 13), we would argue that solely relying on whether the model's predictions matched the provided SFU labels is an incomplete assessment of our model's performance. Instead, the percentage of cases that are either “correct” of within one grade of the provided label (94%) is a more representative metric of our model's true performance. The nearly block-diagonal structure of the confusion matrix supports this (Figure 2) and indicates that the model is learning useful information for HN classification.



Binary Classification Performance

Discriminating between moderate HN grades is known to be challenging (12, 13), and therefore we wanted to investigate our model's performance on this same task. When comparing mild (0, I, II) and severe (III, IV) HN images, our model achieved an average accuracy of 78%, which is well above chance level. When the model discriminated between moderate grades (II and III), which is less reliable for physicians (12, 13), performance only dropped to 71%. There is no direct comparison to be made against physician accuracy, however, considering the known difficulties in distinguishing between moderate HN grades (12, 13), these results are encouraging.



Interpretability

We visualized regions of the HN US images that the CNN found important for five-way classification in a sample of images using layer-wise relevance propagation (21) from the DeepExplain toolbox (22). Layer-wise relevance propagation allows us to determine which features in the image contribute most strongly to the CNNs output (Figure 3B). Cyan pixels indicate that the model heavily relied on those features to classify the image. Visualizing can be used to validate whether our model is learning appropriate features that correspond with the SFU grading system and interpret its inner workings. Interpretability is crucial as we develop deep learning based clinical adjuncts since physicians will need to be able to understand why a model made a decision, rather than just blindly following the algorithm.

Of the examples we tested, we can see that our model is learning features that correspond appropriately with the SFU system (e.g., renal parenchyma, calyces), however, in some cases it is also relying on regions outside of the kidney. This can likely be attributed to image noise, and therefore removing the noise with segmentation (i.e., finding regions of interest in the image) would ensure that the model is only relying on appropriate regions for classification. However, the model may be finding relevant features outside of those from the SFU classification system that are clinically relevant but not normally considered, and so this finding warrants further investigation.



Implications for Clinical Practice

Machine learning and deep learning models have been successfully applied in the context of HN to predict the need for surgical intervention (1), and the necessity of diuretic nuclear renography (2). More broadly, machine learning and deep learning have been used in the field of pediatric urology to classify between different kidney diseases (23), and between diseased and normal kidneys (24). In addition, deep learning has recently been used to perform automatic kidney segmentation in ultrasound imaging (25). Due to the different problems being evaluated in each of the studies, a direct comparison in performance cannot be made. It is important to highlight that along with investigating different questions, and therefore having differing levels of chance performance (i.e., 50 vs. 20% in the current study), these studies also differ from the current study in that many of these papers are asking objective questions (e.g., Was surgery required?) and are therefore able to utilize objective labels in their models. As discussed previously, the lack of objective ground truth in the current study presents challenges in interpreting the true performance of our model, and likely contributes to our model's lower accuracy metric as compared to other papers.

Considering the issue of subjectivity, our model's current level of performance in classifying HN is promising and in line with previous research from our group (14). Our findings suggest that applying these algorithms into clinical practice through decision aids and teaching aids has potential. It is important to clarify that we anticipate that deep learning models like the one presented here will 1 day be used to support physicians rather than replace them, as human-level reliability and generalizability remains a major challenge for medical applications (26). We outline below two new ways that we expect deep learning models can be applied to benefit clinical practice in the future.


Decision Aids

In clinical practice, decision aids are used to assess the structure of interest, and then provide its estimate of disease probability. Physicians are then free to use this estimate as they wish. To our knowledge, patient management is always left up to the physician, and the aids act more like a second opinion. Studies have shown that the combined synergistic effects of the decision aid and physician knowledge greatly improved the diagnostic accuracy (27). In the context of HN, we expect that the second opinion from the decision aid would be particularly useful for borderline cases, since currently consensus decisions are required to resolve these cases.



Teaching Aids

Deep learning models can also be used to develop teaching aids for trainees to teach and provide them with feedback on how to grade HN US images. These teaching features can be created by exploiting the rich information that these algorithms contain. For example, a deep learning-based teaching aid could provide trainees with informative feedback based on the inner workings of the algorithm to tell trainees whether their diagnosis was correct. Furthermore, the teaching aid could highlight parts of the image with a heat-map using visualization methods, such as layer-wise relevance propagation, to indicate which regions were of clinical importance, and to what degree. A teaching aid would alleviate at least some of the need for direct physician feedback and would allow trainees to work through examples at their own pace to maximize learning.




Limitations and Future Work

Considering that the current dataset was small by deep learning standards, slightly imbalanced, and only contained one image per patient visit, our model still achieved moderate to good accuracy across the different classification problems. This suggests that a richer and larger dataset could lead to even better performance and an eventual deep learning based clinical adjunct for HN. Future work should also investigate HN classification at the patient level and consider the time series in the data. HN patients are followed across time, and the trends in their HN severity provide physicians with important information that is incorporated into their clinical decision making. We would expect that providing a deep learning model with time series data would benefit model performance as well. Additionally, a model could convey its level of uncertainty in its diagnosis, flagging to the physician that this image merited a closer examination or additional measurements.

We applied relatively little preprocessing to our images, therefore future studies should investigate whether segmentation, a commonly recommended preprocessing technique, reduces model noise and improves performance (25). Within the current classification model, layer-wise relevance propagation revealed that regions outside of the kidney were contributing to model output. Further investigation on the impact of segmentation whereby the model is constrained to extract features from the kidney that correspond with the SFU grading system should elucidate whether these findings are attributable to image noise or useful features.




CONCLUSIONS

The purpose of the current study was to explore whether deep learning can effectively classify HN US images and separate them into 5 main categories. Overall, our model performs well above chance level across all classifications, categorizing images either correctly, or within one grade of the provided label. The model was also capable of discriminating well between mild and severe grades of HN, which has important clinical implications. The results of the current study suggest that CNNs can be applied to grade HN US images effectively, and that further investigation into using deep learning to grade HN US images is warranted. With further model refinement, and by addressing the limitations of our current data set, we expect that our model can be used to develop effective clinical adjuncts to improve clinical practice.
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Kidney parenchyma and collecting system arise from two different embryologic units as a result of a close interaction between them. Therefore, their congenital abnormalities are classified together under the same heading named CAKUT (congenital abnormalities of the kidney and urinary tract). The pathogenesis of CAKUT is thought to be multifactorial. Ureteropelvic junction obstruction (UPJO) is the most common and most investigated form of CAKUT. Despite years of experimental and clinical research, and the information gained on the embryogenesis of the kidney; its etiopathogenesis is still unclear. It involves both genetic and environmental factors. Failure in development of the renal pelvis, failure in the recanalization of ureteropelvic junction, abnormal pyeloureteral innervation, and impaired smooth muscle differentiation are the main proposed mechanisms for the occurrence of UPJO. There are also single gene mutations like AGTR2, BMP4, Id2 proposed in the etiopathogenesis of UPJO.
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INTRODUCTION

The role of embryology in medical education is often underrated. Even clinicians dealing with congenital abnormalities consider in-depth knowledge on embryology unnecessary. Studies about urinary tract obstruction date back to forties (1), but there is still scarce information on how ureteropelvic junction obstruction (UPJO) develops. We believe, clinicians and embryologists shall work together to obtain further progress. The aim of this review is to demystify the current knowledge on the embryo-pathogenesis of UPJO to clinicians to promote future research.



THE CONCEPT OF CAKUT

Congenital anomalies of the kidney and urinary tract (CAKUT) refer to all the developmental abnormalities of kidney and ureter (2). The concept of CAKUT is based on the close interaction of the ureteric bud and metanephric mesenchyme in the development of kidney and ureter.

The main steps in the formation of the metanephric kidney and ureter are; formation of the ureteric bud from the Wolffian duct, its dorsal growth into the caudal portion of the nephric cord and branching of the ureter when it invades the mesenchyme. This appositional growth continues until the formation of the terminal nephrons in 32nd week in human embryo (3).

Experimental studies with knock-out mice support this interactive development delivering the renal parenchymal and ureteric abnormalities together. In fact, most popular theory about this close interaction by Mackie and Stephens was even earlier than these. They hypothesized that the association of renal parenchymal abnormalities with vesicoureteral reflux and other ureteric abnormalities were the result of initial ectopic budding of the ureter (4).

CAKUT accounts for one of the most frequent congenital abnormalities detected by routine fetal sonography (5), but the spectrum is wide. Ureteropelvic junction obstruction is the most common form of CAKUT with an estimated incidence of 1/1,000–1,500 (6).



THEORIES ON UPJO PATHOGENESIS

The first theory was obliteration-recanalization by Ruano-Gil and Tejedo-Mateu which they raised on their findings on 45 normal human embryos of 5–55 mm (7). They said the ureter becomes obstructed beginning when the fetus is 14 mm, this process starts in the middle zone and progresses to the entire lumen, and then recanalization occurs after the fetus is 22 mm (7). Later, Alcaraz et al. also supported the existence of an obstructive phenomena of the ureter with their study on human and rat embryos (8); however, showed that this obstruction site didn't reach the ureteropelvic junction. After that, obstruction-recanalization theory to explain UPJO was abandoned by the majority. Also others think this obstruction phenomenon can only be the collapse of the ureter before the passage of the urine (2).

Other early studies about the subject were pathological analyses of the specimens with UPJO. They all noted the changes in the ureteropelvic junction (UPJ) without attribution to the etiology (9). Zhang et al. were also researchers who analyzed UPJO specimens. They showed that UPJs were thicker with enlarged muscularis propria, increased perifascicular fibrosis and inflammation in cases with intrinsic UPJO (10). They also couldn't make a statement whether these changes were causative but showed that they were not apparent in the extrinsic cases.

Miyazaki et al. showed angiotension type 1 lacking mice failed to develop a renal pelvis (11). They also showed hypoplastic smooth muscle and lacking peristalsis in the ureters of mutant mice. Reminding the results of Miyazaki's experimental study, Kajbafzadeh et al. showed increased smooth muscle cell apoptosis and collagen fibers while a decreased number of nerve terminals in the UPJO specimens compared to normal ureteropelvic junctions from autopsies (12). These studies strongly suggest defective muscle and nerve structure in the site of obstruction, but it is still unknown if these are the causative changes or the results of the obstruction. Later, Yiee et al. compared intrinsic, and extrinsic cases focusing on the muscle distribution. Their findings support a causative role by revealing a different muscle density between them (13).

Chang et al. generated an animal model of UPJO with a mutation in a calcineurin protein subunit (14). The mutant mice had abnormal renal mesenchyme and lack of a funnel-shaped ureteropelvic junction. They showed no abnormality in the nerve distribution. They correlated abnormal shape of the pelvis and faulty mesenchyme with abnormal pyeloureteral peristalsis which they concluded as the cause of UPJO.

Based on the studies about peristalsis, Lye et al. speculated that peristalsis in the urinary tract becomes more important in late gestation when the fetus stays upside down and urine travels against gravity. They concluded that failure of peristalsis results in a functional obstruction manifested by hydronephrosis (15).

In fact, none of the above studies describe the macroscopic findings of the surgeon which are as follows: mostly there is narrow but patent lumen, ureter inserts the pelvis in a level higher than ureter and pelvis first meet, they are attached to each other between these two levels and there is fibrotic tissue around. Stephen Koff has an interesting idea about this that he never published. He believes UPJO is a consequence of temporary vesicoureteral reflux during the fetal life. He says reflux disrupts the position of the ureter and UPJ, and then pelvic drainage. When this lasts long enough, it results in inflammation and the fibrotic attachments around and UPJO becomes permanent (Koff, personal communication).

Despite the above theories and two very interesting speculations, further studies are still required to reveal etiopathogenesis of UPJO.



THE GENETICS

CAKUT is thought to be multifactorial. There are familial cases with different occurrence, so genetic penetrance is regarded to be incomplete or variable. Also, there are several single gene mutations like Id2, PAX2, EYA, AGTR2, BMP4, SOX17, CHD1L, DSTYK proposed by the experimental and clinical studies about the etiopathogenesis of UPJO (16–19). However, mutations in these mostly results in more than one form of CAKUT. For example, mutant mice has a 3% chance of developing CAKUT when AGTR2 is inactivated, but it can be any type and happens randomly within the same pedigree (2).

Among these, Adamts1 and Id2 are reported to lead to a more restricted phenotype resembling human UPJO (17). Interestingly, the macroscopic morphology of the kidney of the Id2 knock-out mice even shows the high-insertion of the ureter into the pelvis (17).

BMP4 also has noteworthy features. It has an essential role in embryonic development shown by the fatality of the homozygous null mutations. Heterozygous mutation results, on the other hand, in multiple abnormalities including all types of CAKUT. It is also shown to cause ectopic budding of the ureter (like Mackie and Stephens described) (20). BMP4's role may seem too wide to explain UPJO alone; however, two screening studies showed its association with UPJO (21, 22). The study from China revealed BMP4 mutation in three cases with UPJO which were not apparent in the controls (21). Same study failed to show any specific mutation in Id2 gene. The other one from Brazil showed the association of BMP4 mutation with UPJO and multicystic dysplastic kidney (22).

Despite promising results of these papers, data to acknowledge a causative role of any gene is still lacking.



CONCLUSION

The etiopathogenesis and impacts of ureteropelvic junction obstruction has long been an interesting area for researchers. Despite years of clinical and experimental research, there is no solid theory or genetic mutation to explain this frequent abnormality yet.
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In the last decade, management of congenital UPJ obstruction has become progressively observational despite the lack of precise predictors of outcome. While it is clear that many children will have resolution of their hydronephrosis and healthy kidneys, it is equally clear that there are those in whom renal functional development is at risk. Surgical intervention for the young infant, under 6 months, has become relatively infrequent, yet can be necessary and poses unique challenges. This review will address the clinical evaluation of UPJO in the very young infant and approaches to determining in whom surgical intervention may be preferable, as well as surgical considerations for the small infant. There are some clinical scenarios where the need for intervention is readily apparent, such as the solitary kidney or in child with infection. In others, a careful evaluation and discussion with the family must be undertaken to identify the most appropriate course of care. Further, while minimally invasive pyeloplasty has become commonly performed, it is often withheld from those under 6 months. This review will discuss the key elements of that practice and offer a perspective of where minimally invasive pyeloplasty is of value in the small infant. The modern pediatric urologist must be aware of the various possible clinical situations that may be present with UPJO and feel comfortable in their decision-making and surgical care. Simply delaying an intervention until a child is bigger may not always be the best approach.

Keywords: robotic assisted pyeloplasty, infant–age, prenatal hydronephrosis, diuretic nephrogram, ureteropelvic junction (UPJ) obstruction


INTRODUCTION

Hydronephrosis is the most commonly diagnosed genito-urinary abnormality on prenatal ultrasounds (1). In the past, corrective surgery was offered to every child who presented with uretero-pelvic junction obstruction (UPJO). Indeed, prior to diffusion of fetal ultrasound, patients with this condition were identified due to their signs and symptoms (2). Children were commonly diagnosed between the ages of 6 and 15 years, with only 14% of them being younger than 1 year of age (3).

However, prenatal imaging has increased the rate of diagnosis of asymptomatic cases that may not have otherwise not been detected until later in life. A multitude of studies has questioned the earlier operative paradigm by demonstrating a high rate of spontaneous resolution. Unfortunately, this culminated in a conundrum which today still has no clear solution: which asymptomatic infant with hydronephrosis will lose precious renal function if left untreated?

Finally, diagnosis of a UPJO that warrants surgical correction in an infant poses technical challenges in the modern era of minimally invasive surgery.

In this chapter the threats posed by chronic obstruction to the kidney as well as the natural history of prenatally diagnosed UPJO will be discussed. Surveillance algorithms aimed at identifying early candidates for surgery will be described prior to introducing novel markers and imaging methodologies to improve risk stratification. In the end, traditional and minimally invasive approaches will be compared with a particular attention to tips and tricks for the infant patient.



THE EFFECTS OF OBSTRUCTION ON THE KIDNEY

Hydronephrosis is an abnormal dilation of the collecting system. However, not all hydronephrosis is associated with clinically significant obstruction that will lead to renal function deterioration (4). Unfortunately, long-term complications of renal damage may not be evident until the patient reaches adulthood. Even if a child has normal renal function, these patients are four times more likely to develop ESRD (5) and can require renal replacement therapy in young adulthood (6). Nephrogenesis terminates at 36 weeks of gestation, without any more nephrons formed after birth. Premature babies will have a lower number of nephrons compared to children born at term (7). Therefore, any insult that leads to renal injury will not be followed by replacement of damaged nephrons but by adaptive changes of the remaining nephrons (8). While this mechanism maintains glomerular filtration rate at first, in the long term it appears to lead to renal damage in both the obstructed and the contralateral kidney, as shown in murine models (9).

Furthermore, obstruction that originates in utero can lead to more deleterious effects by altering the pathways of renal development (10, 11).

Initial series of biopsies obtained at time of surgical repair showed that up to 21% of children with a differential renal uptake (DRU) on diuretic renography >40% at time of surgery had histological changes, while only 34% of patients with a DRU <40% had normal findings (12). Interestingly, when grouping children by presentation, they demonstrated that only 19% of children diagnosed due to symptoms harbored moderate or severe histological changes, compared to 50% of children diagnosed either prenatally or due to a palpable mass (up to 80%). A larger more recent study found that 67% of biopsies from 61 children had glomerular sclerosis (13). Interestingly, the number of affected glomeruli did not significantly correlate with either degree of hydronephrosis nor DRU. In addition, tubulointerstitial changes were found in only 26% of patients, and significant fibrosis was more common in patients older than 1 year of age, suggesting a potentially progressive process with chronic obstruction. Alteration of the renal parenchyma secondary to obstruction has been documented in human fetuses as well. An autopsy study conducted on fetuses with evidence of UPJO on prenatal ultrasound showed that obstructed kidneys have a reduction in glomerular number and cortical thickness as well as an increase in fibrosis when compared to specimens from age-matched fetuses with normal kidneys (14). The authors found that fibrosis and reduced glomerular numbers correlated strongly with hyperechogenicity on prenatal ultrasound, which is consistent with clinical observations.

In reality, damage from obstruction is likely secondary to partial obstruction that develops later in pregnancy once nephrogenesis is almost complete, otherwise it would lead to cystic dysplasia or renal agenesis (15).

Just as not all hydronephrosis will persist, as will be discussed in the next section, not all obstructed systems harbor the same damage potential. Therefore, the clinician must be able to synthesize the clinical history and diagnostic data to identify the child more at risk of losing renal function.



NATURAL HISTORY OF PRENATALLY DETECTED HYDRONEPHROSIS

While at first it was believed that most UPJ obstructions with severe dilation detected prenatally required intervention, several studies have shown a relatively high rate of spontaneous resolution. This has led to a shift in management, centered on the serial monitoring of renal dilation and function to hopefully identify the children that will eventually require surgery as early as possible without irreversible loss of renal functional potential.

Several statistics are useful when counseling families of newborns with hydronephrosis secondary to UPJO.

First, that rates of resolution and/or improvement even for severe dilation, as in grade 3 and 4 as defined by the Society for Fetal Urology (SFU) are reasonably good. Indeed, complete resolution rates in observed children range from 33 to 70% (16–23). In the literature, lower rates of resolution are associated with more severe hydronephrosis. Furthermore, another important parameter is improvement in hydronephrosis. Indeed, a change in SFU Grade from 3–4 to 1–2 is considered significant and likely reflects a kidney without significant risk of functional deterioration.

Second, not all children with moderate and severe hydronephrosis have poor DRU as measured on diuretic renography. Data from studies shows that between 10 and 39% of children with SFU grade 3 or 4 have a reduced DRU at diagnosis, defined as <40%. These children are usually offered early pyeloplasty. However, if observation is performed for kidneys with a DRU <40%, renal function remains stable in ~80% of them at 1 year (17, 24). It remains undefined how many may experience later deterioration without intervention.



DIAGNOSIS AND INITIAL EVALUATION

The challenges in managing infants with prenatally detected UPJO are secondary to a lack of diagnostic tools that can identify obstruction that will lead to deterioration of renal function or prevent normal renal functional development. To further complicate matters, the current gold standard evaluation of renal function is diuretic renography; however, we are not sure if a kidney with “normal” DRU on nephrography can be considered completely normal since it likely has received some insults from in-utero obstruction (13). Also, diuretic renography does not provide any information regarding the multiple other important functions of the kidney, including tubular homeostatic and endocrine functions. Therefore, urologists need to rely on a combination of ultrasound and diuretic renography findings to individualize management.

Once a baby with prenatal hydronephrosis is delivered, a postnatal ultrasound is obtained to assess persistence of hydronephrosis. Usually it is obtained between 48 and 72 h after birth, due to transient neonatal dehydration. However, it is recommended to obtain this study earlier in specific cases, such as bilateral hydronephrosis, solitary kidney or a history of oligohydramnios. It is also important to record size of the kidney, thickness and echogenicity of the renal parenchyma, as well as appearance of the bladder and post void residuals. Important information can be obtained from the initial ultrasound. Severe hydronephrosis is associated with diffuse and uniform dilation of the calyces with flattening of the renal papillae (Figure 1). In severe cases, the hydronephrosis leads to thinning of the renal parenchyma. Asymmetric dilation should raise suspicion of a duplicated system. It is important to remember that a severely dilated renal pelvis with mild-to-moderate dilation of the intra-renal collecting system is usually a hallmark of milder obstruction and pelvic dilation should not be used to draw therapeutic conclusions by itself. Isolated dilation of the extra-renal pelvis is usually considered a benign finding (25). One study showed that while infants extra-renal pelvis dilation have slightly higher rates of UTI, it resolves in 98% of patients on follow-up (26). Furthermore, dilation of the intra-renal pelvis has by far as more significant prognostic values, as highlighted by the adoption of anterio-posterior renal pelvis diameter by the UTD classification (27). Finally, the presence of a dilated ureter can indicate either the presence of vesicoureteral reflux or a more distal obstruction.
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FIGURE 1. Radiological history of an infant with resolution of severe hydronephrosis. (A) Postnatal ultrasound confirming prenatally diagnosed hydronephrosis; the image shows SFU grade 4 hydronephrosis with thinned isoechoic parenchyma. (B) Diuretic renogram performed at 2 months of age, showing symmetric uptake; despite the right kidney exhibits a delayed washout curve, it is still considered adequate. (C) Repeat ultrasound at 5 months showing persistent SFU grade 4 hydronephrosis. (D) Follow-up ultrasound at 9 months showing significant spontaneous improvement of hydronephrosis; the child will still however need follow-up imaging to ensure persistent improvement.


A voiding cystourethrogram is usually obtained to rule out lower urinary tract obstruction or vesicoureteral reflux, especially for cases with bilateral hydronephrosis, unilateral hydronephrosis in solitary kidneys or oligohydramnios. However, for a child with unilateral renal dilation without ipsilateral ureteral involvement, a voiding cystourethrogram to rule out reflux might not be needed. Indeed, a recent review showed that among children with UPJO the pooled prevalence of vesicoureteral reflux is 8.2%, 3-fold higher than in children without UPJO (28). Lee et al. demonstrated a higher rate of vesicoureteral reflux among patients with higher grades of hydronephrosis. With the goal or reducing unnecessary radiation exposure and testing, they developed a risk-based approach based on ultrasound findings such as presence of duplication, hydroureteronephrosis and renal dysplasia (29). Performing a VCUG only in children with all three aforementioned ultrasound criteria would reduce the number of tests ordered by 40% while maintaining the same miss rate of reflux as if ordering a VCUG only if severe hydronephrosis were present. However, it remains controversial as to how valuable the VCUG and identification of reflux might be in this population.



DIURETIC NEPHROGRAPHY

Once severe hydronephrosis is confirmed, diuretic renography is ordered to assess the degree of obstruction as well as the level of renal function. Technetium-99m (99mTc) mercaptoacetyltriglycine (MAG3) is the preferred radionuclide due to its short half-life and its excretion via both glomerular filtration and active tubular secretion, allowing for assessment of poorly functioning kidneys. In general, the amount of tracer uptake in the first 2 min after injection correlates with the glomerular filtration rate.

Several elements can be controlled in order to obtained the most informative study (3). The patient should be adequately hydrated prior to the procedure. Second, the bladder should be emptied with a catheter since a full bladder can impair upper tract drainage, as well-increasing gonadal radiation exposure. Finally, the diuretic has been described as being administered 15 min prior to radionuclide injection, at the same time, or 20–30 min after. The most common approach includes administration of the diuretic once the entire dilated collected system is filled with radionuclide in order to better assess washout. The diuretic that is commonly used is furosemide, at a dose of 1 mg/kg for infants.

Diuretic renography provides several useful parameters. First, it estimates differential renal function. It has been shown that unilateral variation within 5% is considered physiological (30), while a loss >5% should be considered as loss of renal function (31). Second, washout curves can be interpreted to assess the degree of obstruction. However, the traditional T1/2 cut-offs used for obstruction should not be used as rigid checkpoints for therapeutic algorithms.

The astute clinician should remember that UPJO can be a dynamic process and should consider changes in degree of hydronephrosis, DRU as well as washout curves when formulating a treatment strategy. The washout curve can show prompt drainage (Figure 1) or obstruction if a flat, plateauing shape is seen (Figure 2). However, a biphasic curve can show dynamic obstruction. This curve normally shows prompt drainage that eventually plateaus or even raises, suggesting varying degrees of obstruction (Figure 3). Finally, delayed cortical transit time, which is defined as the absence of radionuclide in the sub-cortical renal parenchyma within 3–8 min of injection has been associated with outcomes after pyeloplasty. Song et al. demonstrated that children with delayed cortical transit time had greater improvement of their DRU after surgery compared to those with normal values (32). Furthermore, a delayed transit time has been shown to be a prognostic factor identifying which children will progress to surgery while on observation (33, 34). Interestingly, in a porcine model, delayed cortical transit time has been linked to histological changes such as glomerulosclerosis, decreased number of glomeruli, tubular atrophy, and increased fibrosis (35). However, the correlation between hydronephrosis and diuretic renography findings is poor (36). Among 13% of children with improving or stable hydronephrosis, DRU worsened more than 5%.
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FIGURE 2. Radiological history of an infant with severe hydronephrosis secondary to significant UPJ obstruction. (A) Ultrasound showing SFU grade 4 hydronephrosis on postnatal imaging. (B) Diuretic renogram showing symmetrical uptake; unlike the case described in Figure 1, the drainage curve of the right kidney does not show any drainage, even after diuretic administration.
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FIGURE 3. Radiological history of an infant with severe hydronephrosis secondary to UPJ obstruction and biphasic diuretic curve. (A) Ultrasound confirming SFU grade 4 hydronephrosis at 2 months of age. (B) Diuretic renogram showing symmetrical uptake with biphasic washout curve. (C) Ultrasound at 12 months of age showing slightly improving but still SFU grade 4 hydronephrosis. (D) Improved washout curve on diuretic renogram, but still with delayed emptying.




BIOMARKERS

For a long time there has been a focus on urine biomarkers to screen for children with UPJO who will ultimately develop renal damage, yet none are in regular clinical practice to date. Kostic et al. sampled urine and blood from newborns with either lower or upper urinary obstruction and compared values of biomarkers with healthy infants matched by gender and gestational age (37). They identified NGAL (Neutrophil Gelatinase-Associated Lipocalin), RBP (Retinol Binding Protein), TGF-ß1 (Transcription Growth Factor-ß1), and KIM-1 (Kidney Injury Molecule-1) as promising markers, compared to serum creatinine and cystatin, for identifying which patients with unilateral hydronephrosis will progress and require surgery. All their values decreased after surgery.

These proteins are markers of ischemic and tubule-interstitial pathology, and herald renal damage prior to radiological findings.

The benefits of using urine is that it is readily available, can be collected longitudinally and in a non-invasive manner. However, voided urine contains a mix of urine from both kidneys, and markers from an obstructed system can easily be diluted. Froelich et al. performed urine proteomics analysis by sampling urine from both the obstructed kidney at time of surgery and the bladder (38). They identified 76 proteins that were present both in renal and bladder samples, showing that obstruction produces changes in the urine proteome that are also secondary to compensatory changes in the non-obstructed kidney. A significant number of these proteins were part of the oxidative stress pathway, underling its important role in the pathogenesis of UPJO. Future areas of development for novel biomarkers are magnetic resonance imaging and proteomics and metabolomics (39). While the latter can provide quantitative information on glomerular numbers and volume, the former still requires generation of age-specific normative-data.

Further multi-disciplinary and multi-institutional studies are needed however to identify a marker that can reliably identify obstructed renal units that are at risk of deterioration.



CLINICAL RISK FACTORS OF RENAL DETERIORATION

A copious literature exists investigating what factors are able to predict renal deterioration and thus identify candidate who would benefit from early surgery. This is based on the belief that operating on a child whose DRU has not deteriorated yet will lead to better long-term results. However, there are reports showing that lost function during observation will be recovered after surgical correction (18) and will last into puberty (40). Furthermore, early detection of surgical candidates can potentially reduce costs of follow-up imaging as well as stress for the families. The prediction usually relies on parameters obtained from ultrasound and nuclear medicine imaging. With regard to renal function, infants with a >10% difference in DRU between then hydronephrotic kidney and contralateral healthy one at initial evaluation has been found to experience renal deterioration 3 times more often and to be two times more likely to develop symptoms (41). As mentioned earlier, delayed cortical transit time has been found to be a predictor of deterioration, once having adjusted for other factors such as DRU, T1/2 and hydronephrosis (32, 42). Anterior-posterior diameter (APD) on initial ultrasound has been found to be an independent predictor of resolution of hydronephrosis (43). An APD of 24 mm an initial evaluation has been shown to have high specificity and sensitivity to predict need of surgery, secondary to either a drop of 10% or greater in DRU or worsening hydronephrosis with an obstructed nephrogram (44).

The idea of creating a variable that includes information from both degree of hydronephrosis severity and renal parenchyma thinning was first introduced by Shapiro and coworkers with hydronephrosis index (45). This was obtained by subtracting the area of the calyces and renal pelvis from the total area of the kidney and then dividing it by the total area. The hydronephrosis index was shown to be easily reproducible and associated with resolution or worsening of hydronephrosis. Later, Cerrolaza et al. (46), by applying machine learning to ultrasound images and diuretic renogram curves, described how quantitative analysis of renal ultrasound images can predict diuretic renography curves and help reduce the number of nuclear medicine studies. More recently, Rickard et al. (47) showed that the renal parenchyma to hydronephrosis area ratio correlates well with DRU and T1/2, and demonstrated a very good performance in selecting children who will require surgery.



TREATMENT ALGORITHM

Absolute candidates for surgical treatment are symptomatic patients, however defining symptoms of UPJO in infants can be challenging, since most won't be able to complain about pain. Significant symptoms also include recurrent urinary tract infections despite antibiotic prophylaxis, hematuria, kidney stones, or mass effect from the severely dilated kidney. Another absolute indication for surgery is the child with clinical obstruction in a solitary kidney and evidence of reduced overall renal function. For all other patients, the algorithm (Figure 4) is a suggested clinically pragmatic approach.
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FIGURE 4. Proposed algorithm for therapeutic approach to post-natal asymptomatic hydronephrosis. Antibiotic prophylaxis is recommended for severe hydronephrosis during the first year of life.


In essence, patients with mild or moderate hydronephrosis, defined as SFU grade 1 or 2, should be followed with serial ultrasounds to detect either improvement and resolution or progression. Children with confirmed severe hydronephrosis on post-natal imaging or those who progress to it should undergo a MAG3 study. The findings of the diuretic renography will dictate the follow up. If the DRU is more than 45%, ultrasound is repeated to assess for degree of dilation, whereas if the DRU is <35% surgery is usually recommended. If the hydronephrosis does not improve on repeated ultrasound images, despite a normal DRU, then surgery can be appropriately offered. For all other patients, US and MAG3 should be repeated, and in case of worsening hydronephrosis or DRU the surgery should be considered. It has been shown that if a patient demonstrates two consecutive drops in their DRU on two consecutive scans, then there is an 85% he or she will require surgery (48). As mentioned earlier, a delayed cortical transit time is also a strong indicator of future renal deterioration and should be incorporated into clinical algorithms without having to wait for actual loss of function.

If the DRU is <10%, some authors argue that a nephrectomy is indicated where there is development of symptoms such as infections or hypertension; otherwise non-intervention is warranted. There are reports of a significant improvement of function in kidneys with a pre-operative DRU <10%. Wagner et al. reported a return to function to a range of 27–53% at 1 year after pyeloplasty (49). Other authors instead recommend placement of a nephrostomy tube for 4 weeks to determine if there will be some recovery of renal function. In their series, up to 70% of kids treated with a urinary diversion recovered from <10% DRU to an average or 29% (50, 51). While this can occur, significant functional improvement has not been common in the senior author's experience, raising concern as to the validity of initial functional assessments, which can be problematic.



SURGICAL TREATMENT OF UPJO IN THE INFANT PATIENT

The challenges of surgical correction of UPJO in patients younger than 1 year of age mainly reside in the adaptation of minimally invasive techniques due to the patient's size. The open Anderson-Hynes dismembered pyeloplasty is considered the gold standard approach in this population. In the very small infant, the dorsal lumbotomy is preferred by the authors for several reasons. First, it avoids muscle splitting, reducing post-operative pain. Second, it allows for direct access to the posterior aspect of the renal pelvis and ureter. Finally, the incision is in a more discrete area, compared to a lateral approach. However, the open approach, unlike the laparoscopic or robotic ones, does not allow for access to the entire ureter, in case of a longer than expected stricture. Another potential disadvantage of the open approach is the use of excessive traction on the tissues in order to improve exposure toward the surgical incision. Indeed, the minimally invasive approach allows to bring the instruments to the tissues, instead of having to bring the tissues to the surgical site, avoiding unnecessary tension that could damage the ureter. Furthermore, unless for selective circumstances like a posterior renal pelvis, minimally-invasive pyeloplasty allows for surgical correction without the need to rotate the kidney.

Minimally invasive approaches have shown direct patient benefit in terms of reduced hospital stay, reduced need of pain medications and improved cosmetics results in older children (52). However, both laparoscopic and robotic pyeloplasties were originally received with skepticism in infant populations. The main concerns raised by critics were the smaller operative field offered by an infant pneumoperitoneum, the limited space for port placement, lack of appropriate-sized instruments for the robot and finally the fact that the robotic system would limit access to the patient by the anesthesia team. It was also argued, appropriately to some degree, that there was limited benefit for the costs in time and instrumentation.

The first ever description of a successful laparoscopic dismembered pyeloplasty in the pediatric literature was by the senior author in 1995, on a 7 years old child (53). Subsequently, Dr. Tan (54) reported on a series of 16 children, in which two had persistent post-operative obstruction, and both these patients were 3 months of age at time of surgery. Hence laparoscopic pyeloplasty was discouraged for patients younger than 6 months. Kutikov et al. subsequently published their outcomes of laparoscopic pyeloplasties in children young than 6 months of age, using 3 mm instruments, showing good results and challenging the conclusion that infants are not candidates for minimally invasive approaches (55). Several other series corroborated the feasibility, safety and good outcomes of laparoscopic management for UPJO in infants (56–61). However, all authors acknowledged the technical difficulty of such procedure and advocate for the need of an experienced surgeon and team in order to perform this surgery.

While conventional laparoscopic pyeloplasty has not gained popularity due to its longer learning curve and high technical demands (62), robotic surgery has become vastly more popular due to instruments that allow for 7 degrees of motion, thee-dimensional displays with magnification, tremor reduction and surgeon ergonomics (63). Furthermore, the learning curve for robotic pyeloplasty has been shown to be similar to that of open surgery (64).

In a study comparing robotic to laparoscopic pyeloplasty in children of all ages, Lee et al. were the first to report on the feasibility of the robotic approach in infants (52). The first published series of robotic pyeloplasties just in infants, Kutikov et al. reported resolution of hydronephrosis in seven of nine, while the remaining two patients had no evidence of obstruction on diuretic renography (65). Dangle and coworkers (66) were the first to compare 10 infants who underwent open pyeloplasty to 10 who underwent robotic surgery. They showed similar outcomes with improved aesthetic results and pain control. These authors also recommended using 8-mm instruments instead of the 5-mm ones, which due to their goose-neck joint design require a greater distance from the tissues to fully articulate, reducing the functional space. However, in the hands of an experienced surgeon, 5 mm instruments do not increase either total operative time nor console time when used in infants, compared to larger children (67). The largest-to-date series on robotic pyeloplasty in infants is a multi-center report that includes 62 surgeries in 60 patients, with a mean age of 7.3 months and a median weight of 8.1 kg (68). Resolution or improvement in hydronephrosis was documented in 91% of kidneys and only two patients required redo pyeloplasty, with no intra-operative and only 7 (11%) post-operative complications.

The robotic approach is however under critique for the perceived increase in medical costs, especially when compared to open surgery. Data show that even if robotic equipment increases costs, the shortened post-operative stay and the frequent usage of the system eventually lead to savings (69). In addition, a shorter hospital stay translates into an increased human capital gain for the parents (70). Further data have that robotic surgery is not more expensive than pure laparoscopic pyeloplasty (71). Robotic costs will continue to decrease as more surgeries are performed with this approach. Indeed, between 2003 and 2015, the utilization of robotic pyeloplasty increased by 29% annually. However, this growth was mainly in children and adolescents. While 40% of pyeloplasties in children and adolescents in 2015 were performed robotically, 85% of infant cases were still performed via an open approach (72). Infant patients accounted for 2% and 19% of all robotic and laparoscopic pyeloplasties performed (73), but these trends are likely to change as more surgeons are trained in minimally invasive approaches.

In the end, surgical experience and volume with either open or minimally invasive technique should be a significant factor in the approach chosen to treat UPJO. In the largest report of minimally-invasive pyeloplasties, including 575 pure laparoscopic and robotic cases, a prolonged operative time, but not patient age, was associated with higher complication rates (74). However, success rates were similar. While operative time can be increased by surgical difficulty, it is also a proxy of surgical experience, since progression on the learning curve is associated with shorter operative times (75). Nationwide data from 2008 to 2010 stressed the importance of hospital volume with regards to outcomes of pyeloplasties (76). At high volume centers, peri-operative outcomes of open or minimally-invasive pyeloplasties were similar, however children who underwent minimally-invasive surgery had a shorter hospital stay. Furthermore, the worse outcomes were seen in patients undergoing minimally invasive surgery at low volume centers. Luckily, the same data showed that minimally-invasive pyeloplasties in infants are more frequently performed in high-volume centers than low-volume ones (2.8 vs. 0.4%).



TECHNICAL CONSIDERATIONS FOR THE ROBOTIC APPROACH IN THE INFANT PATIENT

At the beginning of the procedure, the authors recommend performing a cystoscopy with retrograde pyelogram. This can rule out any potential distal obstruction as well as delineating the exact extension of the UPJ obstruction. This also allows for placement of a stent in a retrograde manner with an extraction string, eliminating the need for a second cystoscopy (Figure 5).
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FIGURE 5. Intra-operative pictures and findings of robotic-assisted laparoscopic pyeloplasty in an infant. (A) A retrograde pyelogram performed at the beginning of the case allows for localization of the stricture as well as assessment of its length. This allows for easier planning of reconstructive technique (e.g., dismembered pyeloplasty vs. the need of a flap for longer narrow segments). In addition, it allows for detection of possible distal strictures. A stent is placed at the end prior to the robotic portion of the case. (B) Identification of the right kidney with a dilated renal pelvis visible underneath the peritoneum. (C) Once the renal pelvis and proximal ureter are dissection, placement of trans-abdominal hitch stich facilitate exposure of the operative field while avoiding the potential use of excessive retraction force by robotic instruments. (D) Suturing over the ureteral stent that was placed in a retrograde fashion at time of retrograde pyelogram. (E) Complete repair. In the case used for the images, a fair amount of redundant renal pelvis was excised.


To facilitate port placement in infants we recommend decompression of the bladder with a catheter and the stomach with an orogastric tube as well as a rectal tube to help with colonic decompression. Placement of the ports in the midline can facilitate reduction of instrument clashing. This port configuration can be performed easily with either the daVinci Si or Xi systems. The surgeon should must be aware of the extension of intra-abdominal movements which are amplified externally with the robotic arms. The depth of the ports can also be reduced, placing the proximal thin line on port at the skin level. We strongly recommend using a box-stitch secured to the fascia to facilitate port placement and prevent port slippage. This will also help with port closure at the end of the procedure. The use of a hitch stitch to elevate the renal pelvis can facilitate anastomotic suturing. Finally, since there will be less gas to dissolve the heat from the electrocautery, it is better to reduce the settings to 15 or less. We have found that use of AirSeal® insufflation reduces the problems of fogging significantly.



OUTCOMES

Outcomes of minimally invasive pyeloplasty in the hands of experienced surgeons have been excellent. Reported success rates for laparoscopic surgery are 92–99% while for the robotic approach are 94–100%. The range of complications is wider, 6–30% for laparoscopic and 6–33% for robotic, depending on criterion for consideration as a surgical complication (63, 66, 68, 72, 76).



CONCLUSIONS

Prenatal detection of hydronephrosis secondary to UPJO has increased the numbers of asymptomatic cases from which the clinician must discern who will benefit from surgery and who is best observed. The majority of these children will have resolution of their hydronephrosis, however a non-trivial minority will not improve and may be best managed with surgical intervention to preserve renal functional potential. Early signs of worsening obstruction should be caught promptly in order to offer surgical correction, which can be performed safely with a minimally invasive approach in the hands of an experienced surgeon. Leaving significant obstruction untreated for a prolonged period of time can lead to long-term consequences that will manifest later in the life of the child.
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Introduction: To review the published evidence on the minimally invasive pyeloplasty techniques available currently with particular emphasis on the comparative data about the various minimally invasive alternatives to treat pelvi-ureteric junction obstruction and gauge if one should be favored under certain circumstances.

Materials and Methods: Non-systematic review of literature on open and minimally invasive pyeloplasty including various kinds of laparoscopic procedures, the robotic-assisted laparoscopic pyeloplasty, and endourological procedures.

Results: Any particular minimally invasive pyeloplasty procedure seems feasible in experienced hands, irrespective of age including infants. Comparative data suggest that the robotic-assisted procedure has gained wider acceptance mainly because it is ergonomically more suited to surgeon well-being and facilitates advanced skills with dexterity thanks to 7 degrees of freedom. However, costs remain the major drawback of robotic surgery. In young children and infants, instead, open surgery can be performed via a relatively small incision and quicker time frame.

Conclusions: The best approach for pyeloplasty is still a matter of debate. The robotic approach has gained increasing acceptance over the last years with major advantages of the surgeon well-being and ergonomics and the ease of suturing. Evidence, however, may favor the use of open surgery in infancy.

Keywords: pyeloplasty, pelvi-ureteric junction, obstructive uropathy, hydronephrosis, minimally-invasive surgery, robotic surgery


INTRODUCTION

Open pyeloplasty has been for ages considered the gold standard treatment of pyelo-ureteric junction (PUJ) obstruction, and the standards of open pyeloplasty were set back in 1998 by Gerard Monfort (1). Using optical magnification and fine suture materials, it has been shown that the procedure can be performed as a day case surgery, without any indwelling stent, with >95% success rate. Long-term durability of open pyeloplasty has also been well-documented (2).

Despite the good outcomes of open pyeloplasty, the search for less invasive treatment modalities alternative to open pyeloplasty has continued. The potential advantages of a minimally invasive approach for the dissection have never been questioned; the main hurdle lies with the accomplishment of the pyelo-ureteral anastomosis that can require advanced suturing skills and can be time-consuming even in experienced hands, a fact particularly true with laparoscopic techniques (3). Consistently, in a systematic review and meta-analysis of open vs. minimally invasive pyeloplasty (MIP) performed in 2014, Autorino et al. observed that although MIP procedures can achieve complication and success rates comparable to open surgery, the operating time still largely favors open pyeloplasty (4). More importantly, multiple reports coming for different institutions prove that open pyeloplasty is safe and duplicable in the widespread use, and duplicability of the MIP procedure is more controversial as the skills necessary to perform the procedure can be hard to achieve and maintain (5). The most complex scenario is clearly that of a pyeloplasty performed in an infant (6), which is not an uncommon scenario with prenatal diagnosis, the most common presentation of PUJ obstruction, and most of these patients who require surgery do so in infancy (7).

The aim of the present review was to summarize the available evidence on the MIP techniques currently available with particular emphasis on the comparative data about the various MIP alternatives to gauge if one should be favored under certain circumstances.



MIP TECHNIQUES

MIP is an umbrella term that encompasses several techniques including laparoscopic surgery and robotic-assisted laparoscopic pyeloplasty (RALP) and can be performed using a trans-peritoneal or a retro-peritoneal route. The standard robotic instruments are 8 mm with cable-driven hinges, and although 5-mm instruments with metal hinges are available, the range of movements is difficult to realize especially in limited space. Traditional laparoscopic approach can be achieved with a 5-mm camera and 3-mm instruments, also referred to as “Mini-laparoscopy.” Other recognized approaches include single-site surgery or one-trocar-assisted pyeloplasty (OTAP).

Single-site surgery also known as LESS (laparo-endoscopic single site) surgery is performed introducing all the instruments necessary to perform the procedure via a single umbilical incision, with or without a specific device (8). In the OTAP, instead, the dissection is performed laparoscopically using a retroperitoneal approach, whereas the PUJ is delivered outside the abdomen to perform the pyeloplasty externally like in open surgery (9). This procedure potentially combines the putative advantages of both a minimally invasive dissection and an easier open pyeloplasty keeping the incision small at the same time. The major limitation of the OTAP is patient size, as delivery of the PUJ can possibly be difficult in older patients.

In terms of the procedure, dismembered Anderson–Hynes pyeloplasty is the standard technique of choice. In MIP, this procedure requires advanced skills of suturing, which some surgeons find tedious and not comfortable ergonomically (10, 11). In order to circumvent the problems related to the suturing skills necessary to perform the procedure minimally invasively, in recent years, interest has increased with alternatives, such as the vascular hitch for PUJ obstructions due to extrinsic compression by a crossing vessel (12), or non-dismembered pyeloplasty for intrinsic PUJ obstructions (13). RALP is definitely the superior approach facilitating advanced suturing skills in MIP although cost is the main prohibitive factor preventing widespread acceptance as alluded to later on in this article.

Endourological techniques can also be considered minimally invasive modalities to treat PUJ obstruction. These include a range of procedures, such as the balloon dilatation of the PUJ and the endopyelotomy (14, 15) with availability of cutting balloons combining dilatation and endopyelotomy (16). Any endourological procedures can be performed using a retrograde or antegrade approach.



SINGLE-INSTITUTION RESULTS

For any of the mentioned minimally invasive treatment modalities, single-surgeon or single-institution series exist documenting feasibility and effectiveness (Table 1). The procedure can be carried out successfully at any age including infancy, although it is clearly more demanding in small patients given the small available operating space (20). Only endourological techniques are probably an exception; even in the most experienced hands, reported failure rate is 2- to 3-fold higher than the other techniques (Table 1). Consistently, a systematic review published in 2015 shows that this treatment modality has not gained wide acceptance (only 128 cases reported) and the complication rate (14.8%) is much higher and the median success rate (71%) is much lower than those reported for MIP (15). Nevertheless, for all the MIP techniques, duplicability and cost-effectiveness remain to be proven and we still need comparative data to assess which technique is more effective and under which circumstances.


Table 1. Single institution series on minimally invasive treatment of pelvi-ureteric junction obstruction.
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COMPARATIVE DATA ON MIP PROCEDURES

An analysis of the published literature regarding RALP shows that despite the constantly increasing number of publications over years, the level of evidence for available studies remains limited to case reports, case series, and retrospective comparative studies (21). This issue, however, is unfortunately true for any MIP procedure (21).

In terms of comparative data, we have studies comparing laparoscopy pyeloplasty vs. endourological management, laparoscopic vs. retroperitoneoscopic pyeloplasty, and laparoscopic vs. robot-assisted pyeloplasty.

In the single series comparing retrograde balloon dilatation and laparoscopic pyeloplasty, balloon dilatation had a significantly shorter operating time and hospital stay, and significantly lower analgesic requirement and costs (22). The study confirms, however, that the real issue with the endourological techniques is the success rate, particularly in the long term. Balloon dilatation seems not to be a durable procedure. Both procedures indeed had comparable success rate at 3 months, 94.7% for balloon dilatation vs. 97.1% of laparoscopic pyeloplasty, but the success rate of balloon dilatation progressively dropped to 71% at 2 years follow-up, becoming significantly lower than laparoscopic pyeloplasty, the success rate for which instead remained pretty steady over time (22).

The comparison of laparoscopic vs. retroperitoneoscopic pyeloplasty has been the objective of one of the few randomized clinical trials available in pediatric urology. Badawy et al. compared 19 patients randomized to each MIP approach (23). Success rate was comparable, whereas the retroperitoneal approach had shorter operative time by an average 40 min with earlier resumption of oral feeding and, as a consequence, shorter hospital stay. These data are in contrast with those of what is probably the largest single surgeon series of pyeloplasty available in the literature by Liu et al. (8). This series includes 1,750 pyeloplasties, 451 retroperitoneoscopic, 311 laparoscopic, 322 LESS, and 805 trans-umbilical multiport. The two approaches had comparable complication and success rate in both these reports, with the retroperitoneoscopic approach having quicker resumption of oral feeding and shorter hospital stay. However, in the latter series (8), the complication rate was higher and operative time was significantly longer for retroperitoneoscopy than any other MIP procedure in contrast to the report by Badawy et al. (23). These results are consistent with a meta-analysis of one randomized clinical trial and eight clinical trials (776 participants) in adults (24). In summary, these data suggest that the trans-peritoneal approach may be easier to perform while the creation of a retroperitoneal working chamber might increase the complexity of the procedure, making it longer and increasing the risk of conversion. Potential disadvantages of trans-peritoneal route include a longer post-operative ileus, the risk of intraperitoneal urine leakage post-operatively and adhesions formation in the long term.

The comparison between laparoscopic and RALP is the one that has attracted more attention in the recent past. Since 2009, four systematic reviews and meta-analyses have been published on this topic (4, 25–27). The most recent one includes 14 studies: 1 prospective trial, 1 case–control, and 12 retrospective series (27). Once again, the general level of evidence is low, but the quality of studies was quite good with a low risk of bias in 10 out of 14. The meta-analysis showed that the operating time was equivalent, whereas all the other outcome parameters including hospital stay, complication rate, success rate, and re-intervention rate favored or tended to favor the robotic-assisted procedure.

This is consistent with the putative advantages of the robotic approach, including comfortable position for the surgeon, 3D view, and steady instruments with 7 degrees of freedom that make suturing much easier (Figure 1). It sounds reasonable that operating in a more comfortable way allows better results. It is well-documented that long-lasting laparoscopic procedures might cause chronic musculo-skeletal discomfort to the surgeon (11).


[image: Figure 1]
FIGURE 1. Intraoperative picture showing the potential for articulation of the robotic instruments, which greatly simplifies suturing.


Consistently with this observation, Varda et al., analyzing the trend in utilization of open, laparoscopic, and robotic pyeloplasty in the United States from 2003 to 2015, reported since 2004, when the Da Vinci system became available, that the number of MIP procedures has progressively increased, mainly due to an increase in the number of robotic-assisted procedures, whereas the number of laparoscopic procedure has progressively decreased (28). Although not considered in the meta-analyses, another potential advantage of the robotic approach over conventional laparoscopy is that its learning curve is less steep (29), and since the use of robotic surgery further limits the volume of cases undergoing laparoscopic surgery, it is likely that the increased use of robotic surgery will permanently limit the use of conventional laparoscopic pyeloplasty in children, in the centers where the robot is available.



ROBOTIC-ASSISTED LAPAROSCOPIC PYELOPLASTY

The two major drawbacks of robotic-assisted pyeloplasty include costs and the size of the instruments.

Varda et al. estimated costs of open, laparoscopic, and robotic pyeloplasty and noted that the latter has a significantly higher cost mainly due to the cost of the consumables (28). This model, however, does not take into account the cost of the robot itself. Using a mathematical model, Behan et al. estimated that, in a center performing 100 RALP per year, the cost of the robot would not be neutralized even after 10 years (30).

Costs can be reduced using appropriate strategies. The first step is to reduce the console time and operating room turnover. Seideman et al. estimated that with a 2-days in-stay, RP could be cost-effective (when compared with LP) if it was carried out in under 120 min (31). Console time normally decreases with increasing experience and progression in the learning curve. It should be noted, however, that trainee involvement with the robot may make it difficult to lower console time as fellows and residents turnover regularly (32). Having a team specialized and dedicated just to robotic cases, instead, can reduce turnover time, particularly docking and undocking time (32, 33).

Increased and regular utilization of the robot by multiple services, i.e., increasing the volume of robotic procedures, is another important cost-saving strategy (32, 33).

Finally, increasing competition within the industry could translate into the end of the current monopoly, which could then translate to steadily reduce the cost of the robotic equipment, making robotics a more cost-effective and affordable technique (33).

The other issue is the size of the robotic instruments. The most modern standard instruments are 8 mm in size and also the arms of the robot are cumbersome. Smaller, 5-mm instruments do exist (34), but they have a pulley system that limits articulation and precludes certain movements. For this reason, many surgeons recommend the routine use of 8-mm instruments for all pediatric cases irrespective of age (35).

Consistently, splitting the results reported by Varda et al. by the age of the patients undergoing pyeloplasty, it is apparent that the use of the RALP mainly increased in the adolescent age group (13–18 years), whereas its use was very limited in infants (28).



PYELOPLASTY IN INFANTS

In the era of antenatal diagnosis of hydronephrosis, the infantile group represents an important age group for surgery. In this group of patients, RALP is feasible, but its role seems limited and has not gained wide acceptance. One issue is the size of the instruments mentioned above. In this, the use of 3-mm instruments, the so called mini-laparoscopy, can be advantageous (36) (Figure 2). Nevertheless, the accomplishment of a pyeloplasty in the limited space of an infant abdomen can be extremely demanding. Moreover, in younger patients, MIP does not seem to offer the same advantages in terms of shorter hospital stay and lower narcotic requirements observed instead in pre-adolescent and adolescent patients (37).


[image: Figure 2]
FIGURE 2. Scar appearance after laparoscopic pyeloplasty.


The second and perhaps the most relevant issue in this age group is the concern about the potential neurotoxicity of the drugs for the general anesthesia in early childhood (38, 39). For this reason, many authors and scientific societies recommend in this age group, if surgery cannot be postponed, at least the quickest procedure should be preferred. Published evidence overall thus far, as regards operative time, favors open pyeloplasty over MIP procedures (4).

In this respect, it is relevant that the procedure can be performed via such a small approach in infants to be called “minimally invasive open pyeloplasty” (40–42). Chako et al. reported that in patients <5 years, the procedure can be performed via an incision <3 cm in about 100 min on average combining a quick procedure with good cosmetic outcome (42) (Figure 3). However, some potential limitations of this approach should be considered. A small incision limits exposure of the anatomical structures, which can be an issue in case of unexpected anatomical variants. For this reason, advocates of this approach have underscored the importance of determining the exact incision site by intraoperative renal ultrasonography (40), and/or performing a retrograde pyelogram at the beginning of the surgery to define exactly the PUJ anatomy (41). Otherwise, a minimally invasive approach might prove somewhat more flexible while dealing with unexpected variants. Nevertheless, performing a pyeloplasty in an abnormal kidney and in an infant abdomen remains a formidable endeavor.


[image: Figure 3]
FIGURE 3. Example of minimally invasive open pyeloplasty. (a) 2-cm incision; (b) muscle-sparing approach; (c) delivery of the pelvi-ureteric junction via the incision; (d) barely visible scar 6 months after the procedure.




COSMETIC RESULTS OF OPEN VS. MIP

Cosmetic results are a relevant aspect in the decision-making. Gatte et al. performing a randomized, prospective, controlled trial comparing laparoscopic vs. open pyeloplasty concluded that both approaches are comparable and equally effective methods for repair of PUJ obstruction. Although operative time seems statistically shorter in the open group and length of stay seems shorter in the laparoscopic group, the choice should be based on family preference for incision aesthetics and surgeon comfort with either approach, rather than more classically objective outcome measures (43). In this respect, Wang et al. confirmed that larger initial incisions tend to grow more; therefore, at the same follow-up interval, laparoscopic incisions are smaller than those of open procedures (44). Barbossa et al. studied family preferences based on the assessment of pictures and diagrams of the scars of open pyeloplasty and RALP (45). They reported that families prefer the RALP scars both based on pictures and diagrams. Nevertheless, this held true only provided that there was no apparent medical benefit associated with one of the two procedures. Moreover, the approach did not seem to be a statistically significant factor in patients being pleased or not with the scar appearance in the study by Wang et al. (44).



CONCLUSIONS

Any MIP procedure seems feasible in experienced hands, even in infants. The best approach for pyeloplasty is still a matter of debate. The robotic approach seems to have gained increasing acceptance over the last years with major advantages being ergonomics and the ease of suturing. Costs and the size of the instruments remain major drawbacks for the application of the robotic approach in children. Evidence may favor the use of open surgery in infancy.
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Background: Previous scoring systems have used renal scan parameters to assess severity of ureteropelvic junction obstruction-like hydronephrosis (UPJO-like HN), however this information is not always reliable due to protocol variation across centers and renogram limitations. Therefore, we sought to evaluate the Pyeloplasty Prediction Score (PPS), which utilizes only baseline ultrasound measurements to predict the likelihood of pyeloplasty in infants with UPJO-like.

Methods: PPS was developed using three ultrasound parameters, Society of Fetal Urology (SFU) grade, transverse anteroposterior (APD), and the absolute percentage difference of ipsilateral and contralateral renal lengths at baseline. PPS was evaluated using prospectively collected prenatal hydronephrosis data (n = 928) of patients with UPJO-HN. Children with vesicoureteral reflux. primary megaureter, other associated anomalies, bilateral HN and <3 months of follow-up were excluded. Scores were analyzed regarding its usefulness in predicting which patients would be more likely to undergo pyeloplasty. Sensitivity, specificity, likelihood ratios (LR) and receiver operating characteristic (ROC) curve were determined.

Results: Of 353 patients, 275 (78%) were male, 268 (76%) had left UPJO-like HN, and 81 (23%) had a pyeloplasty. The median age at baseline was 3 months (IQR 1–5). The PPS system was highly accurate in distinguishing patients who underwent pyeloplasty using baseline ultrasound measurements (AUC: 0.902). PPS of 7 and 8 were found to have a sensitivity of 85 and 78%, and specificity of 81 and 90%, respectively. PPS of 8 was associated with a LR of 7.8, indicating that these patients were eight times more likely to undergo pyeloplasty.

Conclusion: Overall, PPS could detect patients more likely to undergo pyeloplasty using baseline ultrasound measurements. Those with a PPS of eight or higher were eight times more likely to undergo pyeloplasty.

Keywords: ureteropelvic junction obstruction, prenatal hydronephrosis, pyeloplasty, classification, ultrasonography


INTRODUCTION

Prenatal hydronephrosis is one of the most commonly detected ultrasound findings, affecting 1–5% of pregnancies, and is usually detected during the third trimester as an incidental finding (1). Ureteropelvic junction obstruction-like hydronephrosis (UPJO-like HN) is one of the most common congenital causes of prenatal hydronephrosis (1). If left untreated, the severe hydronephrosis (HN) due to obstruction can lead to a clinical symptoms such as urinary tract infections, hematuria, progressive deterioration of renal function, and permanent kidney damage (1–3). Thus, early detection and surgical intervention of UPJO cases provides benefits by reducing the length of time the kidney is obstructed. However, a large proportion of UPJO-like [isolated hydronephrosis (pelvic distension) with or without dilated calyces] cases are benign in nature and spontaneously resolve. Therefore, the challenge with UPJO-like patients is identifying those that warrant further testing and would benefit from intervention in a timely manner to reduce associated morbidities.

Scoring systems have been developed to be utilized as an adjunctive tool to help predict those patients in need of pyeloplasty. Many of these scoring systems rely on ultrasound measurements of the afflicted kidney and on diuretic renogram findings. Nevertheless, nuclear studies pose an issue to the external validity of these scoring systems, as their protocols vary significantly across different centers (4). Consequently, interpretation of the drainage patterns, renogram curves and T1/2 times can be subjective and unreliable.

The primary objective of this study was to create a scoring system, the pyeloplasty prediction score (PPS), based on baseline ultrasound findings only, and evaluate its utility in predicting pyeloplasty in infants with UPJO-like. We hypothesized that the proposed scoring system could discriminate those who will resolve spontaneously from those who will end up having surgical intervention.



MATERIALS AND METHODS

After obtaining Research Ethics Board approval (13-62D), we reviewed our prospectively collected prenatal hydronephrosis database (n = 928) from a tertiary pediatric hospital and identified those who were diagnosed with UPJO-like hydronephrosis between 2008 and 2019. We excluded infants with vesicoureteral reflux, primary megaureter (hydroureteronephrosis), duplication anomalies, bilateral cases, other genitourinary anomalies (Prune-Belly, posterior urethral valves, horseshoe kidneys, neurogenic bladder, multicystic dysplastic kidney), and those with <3 months of follow-up.


Calculation of the Pyeloplasty Prediction Score

For each case, characteristics were collected, and only baseline (initial visit) ultrasound measurements were analyzed. The PPS scoring system was then retrospectively applied to each included case. Ultrasound measurements were conducted following institutional protocol, such as no pretest patient hydration to minimize measurement bias, with the patient in supine position, measurement pre- and post-void to confirm an empty bladder, using the same two ultrasound machines, by two technicians specialized in pediatric renal bladder ultrasound, who were specifically assigned to the Pediatric Urology Service.

The clinical outcome was resolution of HN or surgical intervention with a pyeloplasty. HN resolution was defined as two consecutive ultrasounds showing either Society for Fetal Urology (SFU) grade 1 or less, or renal pelvis anteroposterior diameter (APD) of 10 mm or less (5). Indications for pyeloplasty were based on the following protocol: 1-Worsening of hydronephrosis, characterized by increase in the transverse APD of the renal pelvis with or without change (increase) of SFU grade on repeat ultrasounds; or 2-Deterioration of differential renal function (DRF) >10% on repeated renal scans; or 3-Initial renal function <40% associated with an obstructive (ascending) curve on renogram; or 4-Worsening of hydronephrosis associated with a T1/2 time >30 min, or 5-Development of symptoms (sepsis, febrile urinary tract infections, stones).

PPS was based on three widely used ultrasound variables at baseline: SFU grade, transverse APD, and absolute percentage difference in renal length. APD was calculated in the transverse view, by measuring the distance between the parenchymal lips at the renal hilum in the mid-section. The extra-renal and intra-renal measurements for APD were taken and the larger of the two was recorded in the prospective database to be used in the PPS calculation. Renal length was measured in ipsilateral and contralateral kidneys in the longitudinal view, such that the distance between the most distant points of the upper and lower poles was captured. Figures 1A,B demonstrate the technique for measuring renal length and APD using electronic calipers, respectively. Each of these variables were assigned a value out of four, with zero being normal variant or least severe and four being the most severe; thus, making the PPS score total range from 0 to 12.


[image: Figure 1]
FIGURE 1. Example measurements of ultrasound renal parameters for the Pyeloplasty Prediction Score in (A) longitudinal view of the left kidney with electronic calipers measuring renal length as the maximal distance between the upper and lower poles and (B) transverse view of the right kidney with green electronic calipers measuring true anteroposterior diameter (APD) as the distance between the parenchymal lips at the renal hilum in the mid-section. Blue electronic calipers represent the incorrect method of measuring APD as the calipers are not aligned to the parenchymal lips.


The SFU grading system ranges from normal, 1, 2, 3, 4 which corresponded to a score of 0, 1, 2, 3, 4, respectively (6).

The APD measurement was grouped as <5, 5–10, 11–15, 16–19, ≥20 mm corresponding to scores of 0, 1, 2, 3, 4, respectively. The APD category values were established based on current evidence that generally, the larger the APD, the greater the risk of obstructive uropathy (7–9), and thus a greater likelihood of surgical intervention (8, 10–12). An APD <5 mm is not considered as HN, which is why a score of 0 was assigned. A post-natal APD value <10 mm is considered as physiologic HN and APD values from 10 to 15 mm are associated with low risk of obstructive uropathy, which both correspond to the Urinary Tract Dilation (UTD) Classification System's P1 designation (13). The P1 designation is the lowest risk stratum in the UTD post-natal classification, which is why those two APD categories been assigned lower severity scores as 1 and 2, respectively. An APD value of 16 or greater was found by Dias et al. to have the best diagnostic odds ratio to identify infants who had pyeloplasty performed, which corresponds to the category of 16–19 mm (10). Multiple literature sources vary in terms of what APD cutoff value has the greatest likelihood of surgery, but are generally consistent in that an APD of at least 20 mm or greater is associated with the highest likelihood of pyeloplasty, which is why it was designated the greatest score of 4 (14, 15).

Absolute percentage difference between renal lengths was grouped as <5% (error variation), 5–10, 11–15, 16–19, ≥20% corresponding to scores of 0, 1, 2, 3, 4, respectively. The absolute percentage difference was taken by the following equation:
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The three scores were then summed for a total score out of 12. The details of scoring criteria are described in Table 1.


Table 1. The Pyeloplasty Prediction Score is based on three parameters: society of fetal urology (SFU) grade of the ultrasound, transverse anteroposterior diameter (APD) measurement, and the absolute percentage difference between the lengths of the ipsilateral and contralateral kidneys.
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The PPS system was analyzed for its usefulness in predicting which patients were more likely to undergo pyeloplasty. A trial of various cut-points was done to establish an optimal threshold that would maximize sensitivity and specificity of the scoring system. Sensitivity, specificity, likelihood ratios (LR) with their corresponding 95% confidence intervals (CI) and a receiver-operating characteristic (ROC) curve were determined. A p-value equal to or < 0.05 was considered statistically significant. SPSS version 26 (www.ibm.com) were used for analysis.




RESULTS

Overall, from 928 prenatal HN patients in our database, a total of 353 with UPJO-like (isolated HN) qualified for analysis based on inclusion and exclusion criteria. Of the 353 included infants, 275 (78%) were male and 268 had HN on the left side (76%). The median age of the cohort at baseline (initial visit) was 3 months (IQR 1–5 months). In 81 of the 353 patients (23%), kidneys were considered obstructed based on our criteria (previously stated in the methods section), and a pyeloplasty was performed.

The area under the ROC curve (AUC) was 0.902, demonstrating the accuracy of the PPS score in identifying patients more likely to undergo a pyeloplasty (Figure 2A). The PPS could result in a score of 1 to 12, through testing of various modeling scenarios, a score of 7–8 was found to be the optimal cut-off point, with the highest levels of sensitivity and specificity for discriminating patients that would likely be candidates for a pyeloplasty. The sensitivities of a PPS score of 7 and 8 were found to be 85 and 78%, respectively (Figure 2B). The specificities of a PPS score of 7 and 8 were found to be 81 and 90%, respectively (Figure 2B).


[image: Figure 2]
FIGURE 2. Predictive ability of the Pyeloplasty Prediction Score modeled by (A) receiver operating characteristic curve for pyeloplasty and (B) sensitivity and specificity at various score cut-points.


The LRs of the PPS score range (1–12) increased progressively as the score increased, as expected. The optimal cut-point score of 8 was found to have a LR of 7.8 (Figure 3). Based on LR values, we stratified the patients into three risk categories, according to the likelihood of undergoing pyeloplasty (Figure 3).


[image: Figure 3]
FIGURE 3. Pyeloplasty Prediction Score stratification according to likelihood ratios.




DISCUSSION

The present study involved the development and analysis of a prediction scoring system for pyeloplasty in UPJO-like HN using only baseline ultrasound characteristics. Our findings show that PPS was highly accurate in distinguishing patients who ended up having a pyeloplasty from those managed non-surgically. Based on our findings, the optimal cut-off point where pediatric urologists could consider indicating a pyeloplasty should be a PPS ≥8, provided they followed the same pyeloplasty indications, as outline in our protocol. Only two patients were recorded as false negatives, such that the PPS score was below eight at baseline, yet eventually had pyeloplasty. These two cases initially presented to office with very mild hydronephrosis but over repeated follow-up found worsening of the condition. As previously described, one of the indications for pyeloplasty at our institution is worsening of hydronephrosis by APD or SFU grade, which is why these two patients qualified for surgical intervention. With respect to false positives, there were no patients that scored above 8 and did not have surgical intervention. Based on the sensitivity and specificity calculations, clinicians can expect a 90% probability that those with a score ≥ 8 will end up having a pyeloplasty in the future. The LR indicated that patients with a PPS ≥ 8 were eight times more likely to have surgery vs. no surgery.


Indications for Pyeloplasty

The indications for pyeloplasty at our center are consistent with what has been previously published in the literature. Within the entire prenatal hydronephrosis database of 928 patients, there were 353 cases of UPJO-like HN which were followed prospectively. Of those 353 patients, only 81 had surgical intervention, which translates into a pyeloplasty rate of 23%. Dhillon et al., one of the first groups to introduce the concept of non-surgical management for UPJO-like HN, had highlighted that approximately one-third of the infants in their series ended up having surgical intervention, which is similar to our figures (15).

Pyeloplasty indications have been well-established in the main urological textbooks. According to Campbell-Walsh 12th edition textbook, widely accepted indications for pyeloplasty include “increasing APD on ultrasonography, low or decreasing DRF, breakthrough infections while on prophylactic antibiotics, or symptomatic hydronephrosis in older infants and children” (16).

Nevertheless, controversy surrounding some of these indications due to inherent subjectivity still exists. Low or decreasing differential renal function does not specify an actual value for decreased function or decreasing function, thus how low or how much has decreased to indicate need for pyeloplasty is subjective to some degree. Some authors may consider <40% DRF as a cut-off (17) while others may push it even lower to <35% (18). Similarly, this subjectivity issue arises with increase in the APD of renal pelvis. At what APD value and at what rate of increase does pyeloplasty outweigh non-surgical management? Again, these values vary from surgeon-to-surgeon and are the subject of many debates within pediatric urology.

Historically, decreased or decreasing renal function as an indication for pyeloplasty had been controversial (17). Waiting until function has dropped and then performing surgery with the hopes to regain what has already been lost seems to be contradictory to the philosophy in pediatrics of maximizing a child's potential (19). While this view does not convey the thought that surgery should be performed on every child, this does highlight the need for a more advanced measure for screening patients that would benefit significantly from early surgical intervention rather than observation.



Early Intervention Compared to Non-surgical Management

Argument against early intervention of UPJO-like HN consists of evidence demonstrating that most cases of UPJO-like HN are clinically benign and will self-resolve. Koff followed neonates with suspected UPJO-like HN (regardless of degree of HN, shape of diuretic renogram curve, or initial degree of functional impairment) and showed that only 7% eventually had pyeloplasty performed for obstruction, suggesting that due to diagnostic inaccuracy and low risk of developing obstructive injury, many newborn kidneys with HN may rapidly improve without intervention (20, 21). This was further validated by Onen et al. who followed 19 newborns (38 kidneys) with primary SFU grade 3 to 4 bilateral HN for a mean of 54 months. Overall, 25 hydronephrotic kidneys (65%) resolved spontaneously, with renal dilatation and function improving over time in most kidneys (22). Furthermore, Braga et al. analyzed a cohort of 501 UPJO-like HN patients with all SFU grades and observed that 68% of those with grades 3 and 4 HN resolved with non-surgical management over 48 months of follow-up (23). This rate compares well to a recent study from a center known for its conservative approach regarding pyeloplasty indications. They reported a pyeloplasty rate of 38% in 64 patients with grades 3/4 UPJO-like HN at a median age of 21 months (24).

In contrast, benefit of early pyeloplasty in UPJO-like HN has been vastly reported in the literature. With respect to renal function, Babu et al. compared children with UPJO-like HN and SFU grade 3 or 4 who had pyeloplasty done at a mean age of 2.8 vs. 12.5 months. They found that at 1 year follow-up, the early group had a significant improvement of split DRF while the delayed group generally had a marginal loss in function (25). Tabari et al. analyzed functional and anatomic indices (cortical thickness, polar length, SFU grade) in patients with early surgical pyeloplasty compared to those with non-surgical management. The early surgical group noted a faster return to anatomical and functional baseline parameters, whereas the non-surgical group had a significant deterioration in function compared to baseline (26). Thus, it is clinically essential to be able to identify those patients with UPJO-like HN that would benefit most from early pyeloplasty, which is exactly what the PPS was intended to do.



Limitations of Other Scoring Systems

Other scoring systems, such as the Hydronephrosis Severity Score (HSS) developed by Babu et al. attempted to predict pyeloplasty using ultrasound and diuretic renogram results (27). The main limitation of the HSS is that it relies greatly on the diuretic renogram and the interpretation of its curve, all factors which are heavily exam and operator dependent. Confounders such as time of furosemide dose (F + 20, F – 15, F – 0), bladder catheterization or no catherization, oral or intravenous hydration, DRF of the affected kidney, and conjugate views, all may influence the results of the scan (4, 28–31).

Bladder distension and elevated bladder pressures can restrict the upper urinary tract's ability to drain and can prolong the excretory phase, which is difficult to control without bladder catheterization. Patient position has also been demonstrated to affect urine flow, such that when the patient is supine the urine flow can resemble obstruction whereas upright gravity-assisted position can increase flow significantly (29). Timing of furosemide administration is controversial. Earlier furosemide administration (F + 0, F – 15) urine flow is dramatically increased and can increase the specificity by decreasing the false-positive rate but also results in underestimation of renal function due to acceleration of renal transit (30, 32). Later administration of furosemide (F + 20) allows the examiner to compare the drainage curve before and after furosemide to directly observe the modifications to excretion by diuretic. However, prolongation of the excretory phase does run the increased risk of false-positive findings of obstruction (28). It is not difficult to imagine that even with just the variability of one of these three factors, how many protocol variations can be expected across different centers. This will lead to inconsistencies when interpreting study results involving different protocols and radiotracers.



Pyeloplasty Prediction Score Parameters

Therefore, the concept of creating a score relying exclusively on ultrasound parameters was attractive because of its reproducibility. SFU grade, APD and renal length discrepancy measurements were chosen as the components of the PPS system because each one of them has been shown to be significantly associated with obstruction/pyeloplasty, as previously reported. Increasing severity of SFU grade, specifically SFU grades 3 and 4 of post-natal UPJO-like HN, were shown to be independent risk factors for surgery (6, 23, 33, 34). In a prospective study including 501 UPJO-like HN patients, Braga et al. showed that the pyeloplasty rate in patients with SFU grades 3 and 4 was significantly higher than that in those with SFU grades I and II (2% vs. 32%) (23). In a meta-analysis, Lee et al. had demonstrated that severe hydronephrosis (antenatal APD > 15 mm) found during the third trimester had an 88% chance of post-natal pathology (35). Dias et al. had also established that with a prenatal APD > 18 mm in the third trimester and >16 mm in the postnatal period, the sensitivity and specificity of eventually needing pyeloplasty for UPJO-like HN were 100 and 86% (10). Renal length discrepancy on ultrasound has already been shown to be a significantly reliable predictor of abnormal DMSA scans, representing function, and SFU grade, representing obstructive severity. Khazaei et al. showed in children of all ages with a left kidney longer than the right by ≥10 mm or right longer than the left by ≥7 mm corresponded with a positive predictive value (PPV) of 79 and 100% of abnormal DMSA scan (36). Kelley et al. had found that an increase in renal length was significantly associated with SFU 3 and 4 as compared to SFU 1 and 2 (37). The three parameters chosen for the PPS have thus been shown to capture significant anatomical and functional measures independently, so the next logical step was to combine them into a single scoring system.

Though drop in differential renal function (DRF) is commonly listed as an indication for pyeloplasty, it has been omitted from the PPS formula. DRF can occasionally be misleading with the supra-normal differential renal function (SNDRF) phenomenon. A finding of SNDRF is generally defined as when the hydronephrotic kidney is found to have higher than normal DRF (>55%) (38, 39). It is hypothesized that this finding does not reflect true elevated function but reflects hyper-filtration in the setting of obstruction (38). SNDRF has been found in studies to be associated with significant post-operative decrease in DRF (38, 40). Pippi Salle et al. suggested that SNDRF observed during renography is a true phenomenon and that parenchymal proximity and distribution in relation to the pelvis are critical determinants, thus recommending the conjugate view technique for HN renography (41). There is intrinsic measurement error in renal scans of hydronephrotic kidneys making DRF measurement unreliable, due to variation in technique and the presence of the SNDRF phenomenon. Thus, DRF measurements do not have a consistent unidirectional relationship with disease severity that can be effectively utilized in a prediction model such as with the PPS.



Limitations

The main limitation of this study is that despite including widely accepted parameters that vary according to the severity of UPJO-like HN as components of the PPS, surgery indications are operator-dependent. A surgeon can determine his or her own criteria for pyeloplasty with some degree of flexibility from guidelines. Thus, the PPS system should be adopted for research at other centers for evaluation of the external validity of its predictive abilities.

Another limitation of the present study is that there have been debates regarding using pyeloplasty as an outcome in single-center studies involving UPJO-like HN. Those that are against using surgery as an outcome argue that pyeloplasty is inherently a surgeon's threshold for surgery rather than an objective point of need for surgery. However, pyeloplasty is one of the few concrete outcomes that is available in the UPJO-like HN natural history. If pyeloplasty cannot be considered as an outcome, no other concrete objective outcomes are currently available, with the exception of renal function loss and symptoms. As previously discussed, waiting for renal function to deteriorate to indicate surgery with the hopes to regain what has already been lost seems counter-intuitive, especially when nephron preservation is the goal. Using an objective criterion for surgery such as DRF deterioration has its own problems. A recent study, which utilized DRF <40% as the main indication for pyeloplasty, regardless of HN grade and APD, showed a much higher febrile UTI rate of 12.5% for patients followed non-surgically, when compared to previous studies (24). This abnormally higher UTI rate seen, which can be considered as a true outlier, was most likely secondary to waiting too long for renal function loss to occur to intervene.

The PPS system was tested with a dataset from a single tertiary pediatric hospital. In order to further assess its external validity, it should be verified at other centers with prospectively collected data and larger sample sizes.

Despite these limitations, we propose that there is value in attempting to predict which UPJO-like HN patients will undergo pyeloplasty, using the PPS. We encourage that this scoring system be adopted at other centers to verify its findings, and to possibly establish an objective, simple, standard measure to quantitively compare thresholds for surgery between various pediatric urologists.
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A Commentary on
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INTRODUCTION

A recent study has suggested a pyeloplasty prediction score (PPS) using three ultrasound parameters to determine who need surgery and who do not in infants (<3 years old) with ureteropelvic junction obstruction (UPJO)-like hydronephrosis (1). They recommend a combination of SFU grade (A), transverse AP diameter (B) and the absolute percentage difference of ipsilateral and contralateral renal lengths at baseline (C) to predict a criteria for surgical need. This study suggests that any infant UPJO-like hydronephrosis with a PPS of 8 or higher are 8 times more likely to undergo pyeloplasty (1). Unfortunately, none of these parameters is ideal to use due to many disadvantages and/or limitations (2). When we put problematic parameters together it is unlikely to get a correct beneficial result from them.



SFU GRADING SYSTEM (A)

All grades of SFU are very variable between operators and clinicians (2–7). SFU-3 represents only caliceal dilation which does not cause renal damage unless increase in hydronephrosis or development of any symptom (2, 3, 8, 9). Therefore, SFU-3 by itself, should not be an indication for pyeloplasty. SFU-4 represents minimal thinning of medullary parenchyma (ex. 6 mm) and severe thinning of cortical parenchyma (ex. 2 mm) and cyst-like hydronephrotic kidneys at the same grade (2, 3, 8, 9). This wide definition of SFU-4 is failure to demonstrate accurately the severity of hydronephrosis and thus a significant misleading for prompt treatment (2, 3, 8, 10).



ANTERIOR-POSTERIOR (AP) DIAMETER OF RENAL PELVIS (B)

It is a very dynamic parameter that change significantly depending on operator, hydration, bladder filling, position (supin or prone), and respiration (2–4, 11). More importantly its measurement is very variable and misleading due to different renal pelvic configurations (2–4). Hydronephrosis may be moderate even if the AP diameter is high in infants with extrarenal pelvic configuration. On the other hand, hydronephrosis may be very severe with significant parenchymal thinning even if the AP diameter is low in infants with intrarenal pelvic configuration. In the literature, there is no study determining intra- and inter-observer reproducibility of the measurement of AP diameter.



THE ABSOLUTE PERCENTAGE DIFFERENCE OF IPSILATERAL AND CONTRALATERAL RENAL LENGTHS (C)

• The laterality may significantly change the results of absolute percentage.

Example: Normal kidney longitudinal length for an infant who is 11 months of age:

° Normal right kidney longitudinal length; 64.24 ± 2.64 mm. It means that right kidney may be 61.60 mm (4).

° Normal left kidney longitudinal length; 66.36 ± 2.41 mm. It means that left kidney may be 68.77 mm (4).

If this infant has right UPJO-like hydronephrosis; C = 61.60–68.77 = −7.17! If this infant has left UPJO-like hydronephrosis; C = 68.77–61.60 = 7.17!

• Any degree of contralateral or bilateral hydronephrosis, ipsilateral atrophy, or contralateral hypertrophy will significantly change the absolute percentage (C).

° This percentage would be low when there is a contralateral compensatory growth which will miss the severity of hydronephrosis.

° Similarly, it would be low when there is an atrophy in ipsilateral kidney which, again, will miss the severity of hydronephrosis.

° In addition, how would it be an objective criteria in bilateral cases?

Any of these parameters can change the percentage (C) from 5 to 20% which means that it may get a score from 0 to 4!



PYELOPLASTY PREDICTION SCORE (PPS)

Example-1

• A: SFU-4 (minimal medullary thinning with normal cortex)

• B: AP = 20 mm (extrarenal pelvic configuration)

• C: 17% (without ipsilateral atrophy or contralateral hypertrophy)

PPS = A + B + C = 4 + 4 + 3 = 11.

[image: yes]

Parenchyma: 5.4 mm, AP diameter: 36 mm.

According to PPS, this patient clearly should undergo pyeloplasty. However, such a patient does not need surgery if there is no significant contralateral compensatory growth or ipsilateral atrophy or significant functional decrease.

Example-2

• A: SFU-4 (significant cortical thinning with/without hyperechogenecity)

• B: AP = 15 (intrarenal pelvic configuration)

• C: <5% (in the presence of ipsilateral atrophy and contralateral hypertrophy)

PPS = A + B + C = 4 + 2 + 0 = 6.

[image: yes]

Parenchyma: 2.3 mm, AP diameter: 14 mm.

According to PPS, this patient should be followed conservatively. However, such a patient definitely need surgery. Otherwise irreversible renal damage will develop in this patient if pyeloplasty delayed for a few month.



DISCUSSION

The laterality (normal right and left long length is different), contralateral or bilateral hydronephrosis, ipsilateral atrophy or contralateral hypertrophy significantly change the results of pyeloplasty prediction score (A+B+C) (2). The absolute percentage (C) would be low when there is a contralateral compensatory growth or an atrophy in ipsilateral kidney which will miss the severity of hydronephrosis. In addition, it is not an objective criteria in bilateral cases. Any of these parameters can change the percentage (C) from 5 to 20% which means the score may change from 0 to 4. We should use objective and reproducible criteria that does not affect from many parameters and applicable for all patients.

Neither AP diameter nor SFU or the percentage of renal length are gold standard to determine the severity of hydronephrosis. Due to the fact that all parameters of PPS are affected by many factors, none of the PPS criteria is suitable or sufficient for standardizing UPJO-like hydronephrosis (2). They do not determine the exact severity of UPJO-like hydronephrosis and do not correctly reflect renal injury in UPJO because they do not take the quality of renal parenchyma into account. They, therefore, may cause permanent renal damage due to a delay in surgical decision in some infants while may cause an unnecessary surgery in others.

The anatomy and physiology of the 4 suborgans of the kidney (renal pelvis, calices, medulla, and cortex) are completely different from each other and each produces different risk of renal damage. Therefore, each part of kidney behave differently as a response to hydronephrosis.

The quality (thickness and appearance) of renal parenchyma is the most important and objective parameter to determine kidney exposure, renal function and thus the severity of hydronephrosis. Renal cortical thickness is the most important functional part of kidney. It is an objective parameter because, opposite to pelvicaliceal system, it is not affected by hydration, bladder filling, position, and respiration. The measurement points are not controversial and is not operator dependant (2–4, 12). It does not have intra or inter observer variation (2, 4, 13). Hyperechogene parenchyma, cystic cortical degeneration and loss of corticomedullary differentiation on ultrasound are findings suggesting significant renal damage which are compatible with decrease in renal function on scintigraphy (2, 14).

Comparing the PPS criteria, Onen hydronephrosis grading system has evidence-based objective parameters to define the severity of UPJO-like hydronephrosis promptly (10). Onen grading system shows a significant relationship with renal histopathologic grade and thus can be an indicator for renal injury in UPJO-like hydronephrosis (10). It is a reliable, easily reproducible and play a significant role in the diagnosis of obstruction in children (2, 6). It does suggest who need surgery and who can safely be followed non-operatively (2).
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The crucial point for prompt diagnostics, ideal therapeutic approach, and follow-up of hydronephrosis associated with UPJ anomalies in children is the severity of hydronephrosis. Such many hydronephrosis grading systems as AP diameter, SFU, radiology, UTD, and Onen have been developed to evaluate hydronephrosis severity in infants. Unfortunately, it is still an ongoing challenge and there is no consensus between different disciplines. AP diameter is a very dynamic parameter and is affected by many factors (hydration, bladder filling, position, respiration). More importantly, its measurement is very variable and misleading due to different renal pelvic configurations. The radiology grading system has the same grades 1, 2, and 3 as the SFU grading system with addition of the AP diameter for the first 3 grades. This grading system divides parenchymal loss into two different grades. Grade 4 represents mild parenchymal loss while grade 5 suggests severe parenchymal loss. However, it is operator dependent, is not decisive, and does not differentiate grades 4 and 5 clearly. All grades of SFU are very variable between operators and clinicians. UTD classification aims to put all significant abnormal urinary findings together including the kidney, ureter, and bladder and thus determines the risk level for infants with any urinary disease. Different renal deterioration risks occur depending on the mechanism of hydronephrosis. Therefore, SFU and UTD classification may result in significant confusion and misleading in determining the severity of hydronephrosis. SFU-4 and UTD-P3 represent a considerable range of severity of hydronephrosis. Both represent minimal thinning of the medullary parenchyma and severe thinning of the cortical parenchyma (cyst-like hydronephrotic kidneys) at the same grade. The wide definition of SFU-4 and UTD-P3 fails to indicate accurately the severity of hydronephrosis and thus significantly misleads from a prompt treatment. They do not suggest who need surgical treatment and who can safely be followed non-operatively. The anatomy and physiology of the 4 suborgans of the kidney (renal pelvis, calices, medulla, and cortex) are completely different from each other. Therefore, each part of the kidney affect and behave differently as a response to UPJ-type hydronephrosis (UPJHN) depending on the severity of hydronephrosis. The upgraded Onen hydronephrosis grading system has been developed based on this basic evidence both for prenatal and post-natal periods. The Onen grading system determines specific detailed findings of significant renal damage, which clearly show and suggest who can safely be followed conservatively from who will need surgical intervention for UPJHN. Neither AP diameter nor radiology, SFU, or UTD classification is the gold standard in determining the severity of hydronephrosis. All these grading systems are based on subjective parameters and are affected by many factors. They do not determine the exact severity of UPJHN and thus cause permanent renal damage due to a delay in surgical decision in some infants while they may cause an unnecessary surgery in others. The Onen grading system has resolved all disadvantages of other grading systems and promises a safer follow-up and a prompt treatment for UPJHN. It is an accurate and easily reproducible grading that has high sensitivity and specificity.

Keywords: children, hydronephrosis, ureteropelvic junction obstruction, grading, treatment, surgery


INTRODUCTION

Urinary ultrasound (US) is the best we have for the diagnosis and follow-up of both prenatal and post-natal hydronephrosis as a similar modality (1–11). It is non-invasive, easily available, fast, and low-cost; can be performed directly in bedside manner; and does not involve radiation. It shows the size of kidneys, thickness, and appearance of parenchyma (echogenicity, corticomedullary differentiation, cortical cysts), severity of hydronephrosis, ureteral dilation, and bladder anatomy (1, 2, 4–6, 9–11).

Ultrasound not only gives anatomic details but also gives some functional clues about the urinary system. It, therefore, provides excellent diagnostic accuracy. There are two important benefits of ultrasound: It determines the severity of hydronephrosis promptly and the time and necessity of other diagnostics (1, 3–6, 8, 10–12).

We need to determine specific criteria and risky findings suggestive of renal damage, which help clinicians to decide a prompt therapeutic approach. In this review, we will outline the most recent criteria to accurately determine the severity of hydronephrosis and thus predict who may develop renal damage and need intervention compared with who can safely be followed conservatively.



ANATOMO-PHYSIO-PATHOLOGY OF URETEROPELVIC JUNCTION TYPE HYDRONEPHROSIS (UPJHN)

The kidney has 2 main parts: The most important part is the renal parenchyma which does function and produce urine. The other is the pelvicaliceal system which collects and sends urine into the ureter. The renal parenchyma has two suborgans: medulla and cortex. The collecting system has two suborgans: renal pelvis and calices.

Two factors affect the kidney in infants with UPJHN: the compliance of renal pelvis and the degree of stenosis at UPJ. First, hydronephrosis develops as a protecting anatomic response. If the stenosis is severe and persists for a long period, then renal damage occurs as a functional response (1, 4, 11).

The anatomy and physiology of renal suborgans (renal pelvis, calices, medulla, and cortex) are completely different from each other. Therefore, each part affects and behaves differently as a response to UPJHN depending on the severity of hydronephrosis.

• Renal pelvis: The compliance of renal pelvis is very high in infants. It is particularly true for those who have extrarenal pelvic configuration due to their high expandability. The renal pelvis enlarges significantly to protect the renal parenchyma even in mild increase at renal pelvic pressure. Therefore, the risk of renal parenchymal damage is low and takes time in such infants comparatively. However, the risk of renal damage is high in those who have intra-renal pelvic configuration due to their low compliance.

• Calices: The expandability of calices is lower than that of the renal pelvis. Their compliance is low comparatively. Therefore, the dilation of calices means a greater degree (risk) of hydronephrosis compared to renal pelvic dilation alone. On the other hand, the calices enlarge to protect the renal parenchyma.

• Medulla: Its structure is somewhat similar to that of the lung. This part of the renal parenchyma is more expandable and compressed rapidly compared to the renal cortex. Depending on the degree of UPJ stenosis and time interval, the medulla becomes shorter and loses its pyramid form. The lower limit of the normal renal parenchymal thickness is 7.5 mm at the neonatal period, 8 mm at 1 year of age, and 10 mm at 2 years of age (10).

• Cortex: It is the most important functional part of the kidney. The normal thickness of the cortex is > 3 mm in infants. Its structure is somewhat similar to that of the liver, which is a relatively hard solid organ. Therefore, its compression or thinning means there is a significant risk of renal damage. In such cases, corticomedullary differentiation is lost and the thickness of the cortex decreases. It is an objective parameter because, opposite of the pelvicaliceal system, it is not affected from hydration, bladder filling, position, and respiration. The measurement points are not controversial and are not operator dependent. The renal parenchyma is measured at the thinnest point of the parenchyma on the longitudinal section of the kidney (1, 4, 5, 7, 10). It does not have intraobserver or interobserver variation (1, 10, 11, 13). Long-lasting cortical thinning is associated with low renal function and decrease in the number of nephrons (1, 4, 5, 11, 14). Therefore, the compressed and thinned cortex is suggestive of renal damage. The loss of more than half of the cortex (cortex thickness < 1.5 mm) is mostly associated with renal atrophy and irreversible renal damage.

The quality of the renal parenchyma which includes the thickness and appearance of the parenchyma is the most important and objective parameter to determine kidney exposure and thus the severity of hydronephrosis.

• Thickness of the renal parenchyma: Severe cortical damage (dilation, epithelial apoptosis, and atrophy of the renal tubules, and inflammation and fibrosis of the glomerulus) and decrease in glomerular filtration and renal function occur in infants, developing parenchymal loss due to severe UPJHN (14). The incidence of permanent functional loss is high (8–16%) while histopathological changes do not improve even after a successful pyeloplasty in infants with severe parenchymal loss which delayed surgery (1, 4, 5, 11, 15, 16). Loss of the renal cortex and reduced renal size are the result of tubular atrophy and correlate with chronic irreversible renal disease (15). The number of nephrons decreases, renal maturation is affected, and renal failure occurs in such cases (17).

• Appearance of the renal parenchyma: Hyperechogene parenchyme, cystic degeneration in the cortex, and loss of corticomedullary differentiation on ultrasound are findings suggesting significant renal damage, which are compatible with decrease in renal function on scintigraphy (1, 11). Cortical echogenicity is a parameter that correlates well with tubular atrophy and interstitial inflammation (15).

Another important parameter is the longitudinal length of both normal and hydronephrotic kidneys. The compensatory hypertrophy of the contralateral kidney (length > 20% of normal) means affected kidney worsening even if Onen-3 hydronephrosis is stable. The longitudinal length of the affected kidney should be higher than the normal value, depending on the severity of hydronephrosis. If the affected kidney length stays in the normal range despite severe hydronephrosis, it means the affected kidney undergoes atrophy.



HYDRONEPHROSIS GRADING SYSTEMS

Anterior–Posterior (AP) Diameter of Renal Pelvis (APDRP)

The measurement of the AP diameter of the renal pelvis is not standardized between different disciplines, and there is a consensus only in 64% of physicians (10, 18). Unfortunately, it is significantly operator dependent. Some sonographers measure the AP diameter at the largest point of the renal pelvis while others measure it at vertical plan. However, the APDRP is mostly measured at the parenchymal edge (hilus) during the transverse section of the kidney.

The renal pelvis and AP diameter is very dynamic; its measurement changes significantly depending on hydration, bladder filling, position (supine or prone), and respiration (1, 10, 12, 18, 19).

More importantly, its measurement is very variable and misleading due to different renal pelvic configurations. Hydronephrosis may be moderate even if the AP diameter is high in infants with extrarenal pelvic configuration. On the other hand, hydronephrosis may be very severe with significant parenchymal thinning even if the AP diameter is low in infants with intrarenal pelvic configuration. Therefore, if the quality of parenchyma which is the most important factor in determining the degree of hydronephrosis is omitted and the AP diameter itself is accepted as the only finding for severity of hydronephrosis, then some infants may undergo an unnecessary surgery while some may result in permanent renal damage due to a delay for prompt surgery.

Disadvantages/limitations of APDRP:

• The rate of operator differences is very high

• AP diameter is low in dehydrated infants

• AP diameter is low in the empty bladder

• AP diameter is low in the expirium phase

• AP diameter is less ideally measured in supine position

• AP diameter (even low) is very risky in the presence of intrarenal pelvic configuration.



SFU Grading System

This grading system has been developed in 1993 (9) (Figure 1). It is quantitative and subjective. All grades of SFU are very variable between operators and clinicians (1, 4–6, 10, 11, 20–22). Therefore, it is not popular between disciplines other than pediatric urologists (1, 4, 5, 7, 10, 11, 19–21, 23–25).


[image: Figure 1]
FIGURE 1. SFU hydronephrosis grading system.


Disadvantages/limitations of SFU

• SFU-1 and SFU-2a: Both indicate different degrees of renal pelvic dilation. Therefore, it is confusing and very difficult to differentiate each other (1, 2, 4). Moreover, follow-up, treatment, and prognosis of these two degrees are similar; all of them resolve spontaneously without renal damage (1, 2, 4, 5, 20).

• SFU-2b and SFU-3: Both represent different degrees of calyceal dilation. It is very operator dependent in differentiating the dilation of peripheral (minor) calices from those of central (major) calices due to a high discrepancy within and between raters for interpretation of the two types of calyceal dilation (26, 27). Therefore, it is subjective and confusing and it is very difficult to differentiate each other (1, 4).

• SFU-3: Although it represents only calyceal dilation, the pictures used for SFU-3 in the original article clearly show severe medullary thinning. This causes significant confusion among clinicians and radiologists.

• SFU-4: It represents minimal thinning of the medullary parenchyma (e.g., 6 mm) and severe thinning of the cortical parenchyma (e.g., 2 mm) and cyst-like hydronephrotic kidneys at the same grade (2). The wide definition of SFU-4 fails to demonstrate accurately the severity of hydronephrosis and thus significant misleads from a prompt treatment. It does not suggest who need surgery and who can safely be followed non-operatively. The first example (medulla thin) can safely be followed non-operatively while the second (cortex thin) clearly need surgery. This wide definition makes prognosis difficult to predict in UPJHN cases (1, 4–6, 8, 11, 28).



Radiology Grading System

The radiology grading system has partially been modified from SFU for post-natal use (7, 9) (Figure 2). It has the same grades 1, 2, and 3 as the SFU grading system (8, 14). In addition, it includes AP diameter for the grades 1, 2, and 3. This grading system divides parenchymal loss into two different grades, suggesting the importance of the renal parenchyma to determine the severity of hydronephrosis which has a somewhat similar idea as in the Onen grading system (1, 4, 7). Grade 4 hydronephrosis represents mild parenchymal loss; grade 5, severe parenchymal loss.


[image: Figure 2]
FIGURE 2. Radiology hydronephrosis grading system.


Disadvantages/limitations of the radiology grading system

• Radiology grades 1 and 2 (SFU-1 and SFU-2a): Both indicate different degrees of renal pelvic dilation. Therefore, it is confusing and very difficult to differentiate each other (1, 2, 4). Moreover, follow-up, treatment, and prognosis of these two degree are similar; all of them resolve spontaneously without renal damage (1, 2, 4, 5, 20).

• The usage of the AP diameter: It makes this grading system even more confusing, because SFU grades and AP diameter are not parallel for many patients depending on different renal pelvic configurations. In addition, the AP diameter is affected significantly by many factors as previously described in this review (1, 10, 12, 18, 19).

• Radiology grades 4 and 5: Grade 4 represents mild parenchymal loss, while grade 5 represents severe parenchymal loss. It is completely operator dependent, is not decisive, and does not differentiate grades 4 and 5 clearly. Therefore, between- and intra-rater reliability is low.



UTD Classification

UTD has been created retrospectively based on reviewing, combining, and summarizing the current literature (2) (Figure 3). It, therefore, is not an evidence-based grading system. Actually, it most likely has been modified from SFU and Onen grading systems (4, 9). It aims to put all significant abnormal urinary findings together including the kidney, ureter, and bladder and thus determines the risk level for a hydronephrotic infant with any kind urinary diseases. It includes such parameters as AP diameter of renal pelvis, central and peripheral calyceal dilation, renal parenchyma, ureteral abnormalities, and bladder abnormalities (2). All these findings are very important by themselves. However, the natural history, diagnosis, follow-up, treatment, and prognosis of urinary diseases are significantly different from each other depending on the etiopathology of hydronephrosis.


[image: Figure 3]
FIGURE 3. UTD classification for post-natal hydronephrosis.


This classification suggests the general term “urinary tract dilation” to indicate ultrasound findings that include all ureteral and kidney dilations (2). It is clear that UPJ-type hydronephrosis, UVJ-type hydroureteronephrosis, vesicoureteral reflux, bladder pathologies (ureterocele, diverticula, etc.), and posterior urethral valve cause hydronephrosis in very different ways. They may cause different levels and types of renal damage and prognosis (1, 4, 5). For example, Onen-3 (medulla thin) hydronephrosis due to UPJHN can be followed non-operatively while an infant with the same degree of hydronephrosis due to grade 5 reflux has a much higher risk of UTI, renal scar, and surgical need (1). Different renal deterioration risks occur depending on the mechanism of hydronephrosis. Therefore, UTD classification may result in significant confusion and mislead in determining the severity of hydronephrosis (1).

Disadvantages/limitations of UTD classification

• Central and peripheral calices: It is very operator dependent to differentiate the dilation of peripheral (minor) calices from those of central (major) calices due to a high discrepancy within and between raters for interpretation of the two types of calyceal dilation (26, 27). Therefore, it is subjective and confusing and is very difficult to differentiate each other (1, 4).

• UTD-P3: Like SFU, it represents minimal thinning of the medullary parenchyma (e.g., 6 mm) and severe thinning of the cortical parenchyma (e.g., 2 mm) and cyst-like hydronephrotic kidneys at the same grade (2). The wide definition of UTD-P3 fails to demonstrate accurately the severity of hydronephrosis and thus significant misleads from prompt treatment. It does not suggest who need surgical treatment and who can safely be followed non-operatively. The first example (medulla thin) can safely be followed non-operatively while the second (cortex thin) clearly need surgery. This wide definition makes prognosis difficult to predict in UPJHN cases (1, 4–6, 8, 11, 28).



Onen Grading System

This grading system has been developed for both prenatal and post-natal UPJHN (Figure 4). It is appropriate and applicable for both fetus and children, which standardize the language of the sonographers, clinicians, method of evaluation, and measurement of kidneys. The Onen grading system is terminologically simple and clear. Therefore, all disciplines including radiology, perinatology, pediatric nephrology, and pediatric urology can easily use not only for clinical practice but also for future researches.


[image: Figure 4]
FIGURE 4. Onen hydronephrosis grading system for both prenatal and post-natal UPJHN.


The Onen grading system has evidence-based standardized objectives and reproducible parameters (4). It includes two categories of kidney findings. The first is dilation of the pelvicalyceal system; the second which is the most important category is the quality of the renal parenchyma (thickness and appearance) (1). This grading system divides thinning of the renal parenchyma into two grades: medullary thinning and cortical thinning. In addition, the appearance of the parenchyma (echogenicity, cortical cysts, corticomedullary differentiation) which is suggestive of renal damage is also taken into account in this grading system.

It was proposed on the basis of a well-known tight association between the severity of hydronephrosis and prognosis; renal deterioration may occur in severe hydronephrosis not timely and promptly treated (1, 4–6, 8, 11, 23, 29, 30). This grading system is beneficial in determining the possible risk of renal damage, surgical necessity, and prognosis in infants with UPJHN. Therefore, such cases can safely be followed based on this grading system. Because it determines clearly those infants who can be followed with ultrasound alone, who need renal scan, and who require surgery.

Our treatment and follow-up protocol for UPJHN based on the Onen grading system

• Onen-1 UPJHN cases neither need invasive evaluation nor need surgical treatment or antibiotic due to their benign nature; all they need is follow-up with ultrasound alone (Figure 5). A detailed urinary ultrasound at post-natal 1–3–6th months, 1 year, and 2 years of age is enough. If the Onen-1 does not increase or resolve, the follow-up can be ceased.

• Onen-2 UPJHN cases neither need invasive evaluation nor need antibiotic due to their benign nature; all they need is follow-up with ultrasound alone. However, about 10% of such infants will worsen and need pyeloplasty during follow-up. Therefore, they might be followed with ultrasound more closely comparing those of Onen-1 hydronephrosis. A detailed urinary ultrasound at post-natal 1–3–6th months and every 6 months until 3 years of age is enough. If Onen-2 decreases to Onen-1 or resolve, the follow-up can be ceased. If Onen-2 persists, an ultrasound might be seen annually until 5 years of age and then the follow-up can be ceased with informing patients about such a symptom as pain or UTI.

• Onen-3 UPJHN (medulla thin, PK = 3–7 mm) patients need close follow-up including renal scan because about one-third of such children need pyeloplasty during follow-up. A detailed urinary ultrasound at post-natal 1st month, every 3 months until 2 years of age, and every 6 months until 3 years of age is reasonable. If the asymptomatic Onen-3 persists until 3 years of age with normal renal function, one of two ways might be discussed with the family; one is continuing invasive follow-up until adulthood, the other is performing a pyeloplasty with high success and thus preventing long-life invasive follow-up and prophylactic antibiotics (1, 5). If Onen-3 is diagnosed, we perform a renal scan. If the function and appearance (on ultrasound) of the ipsilateral kidney as well as contralateral kidney are normal, we follow them and see another ultrasound in 3 months. If Onen-3 decreases or stabilizes, we see the patient in the next 3 months; however, if Onen-3 gets worse, we perform a second renal scan to see renal function. If the function is under 35 or decrease by > 10 units, we perform pyeloplasty. If Onen-3 is diagnosed with renal function under 35, we look at the pictures of the scan in detail. If we believe that the decrease in renal function is correct and the reason of decrease in function is UPJHN, we decide to do surgery because we do not use the washout curve as a treatment criterion. On the other hand, if there is normal clearance of the pelvis and good washout, we look to ultrasound, renal scan, and sometimes VCUG to see if there is any other reason for the hydronephrosis such as a megaureter and reflux.

• Onen-4 UPJHN (cortex thin, PK<3 mm, no corticomedullary differentiation) patients need surgical correction after a short period of follow-up (1–3 months). Renal function cannot objectively and accurately be assessed with this severity of hydronephrosis. It is particularly true for bilateral once (1, 4–6, 11, 30). Progressive permanent renal damage is inevitable when surgery is delayed in such cases (1, 4–6, 31). On the other hand, timely prompt surgical correction promises to improve decreased renal function in those severe cases (1, 4–6, 11, 30–32). When we see such a neonate with Onen-4, we perform an ultrasound in 1 week of life and then a second ultrasound with MAG3 1 month later. According to the results of these two tests, we decide to perform surgery or follow them conservatively for another month.
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FIGURE 5. Treatment and follow-up protocol for UPJHN based on the Onen grading system.





SURGICAL INDICATIONS FOR SEVERE HYDRONEPHROSIS ASSOCIATED WITH UPJ ANOMALIES BASED ON GRADING SYSTEMS

In the literature, a surgical decision for UPJHN has been made based on the increase in hydronephrosis on ultrasound in 70% of cases, increase in hydronephrosis on ultrasound, decrease in renal function on scintigraphy in 15%, decrease in renal function on scintigraphy in 10%, and presence of symptom in 5% of UPJHN cases (1). Overall, a surgical decision has been made based on ultrasound findings in 85% of such cases. This rate will even increase if the false-positive findings and misleading (hydration, immobilization, catheterization, position, etc.) of renal scan is taken into account and if nobody uses drainage problems as a surgical indication. Therefore, correct determination of hydronephrosis severity is crucial for infants associated with UPJHN.


Surgical Indications for UPJHN Based on EAU and ESPU 2019 Guideline

Based on EAU and ESPU 2019 Guidelines on pediatric urology, surgical indications for UPJHN are impaired renal function (<40%), significant renal functional decrease (>10%) in control scans, poor drainage after furosemide injection, increased AP diameter, and SFU-III/IV (33). All of these indications are problematic:

• Impaired renal function (<40%) or a decrease in renal function of >10% can be a surgical indication with at least presence of Onen-3 or 4 (thin parenchyma) UPJHN. However, in children with calyceal dilation (Onen-2) alone, the reason of impaired function may be that either an etiology other than UPJHN or the impaired function may actually be false positive.

• Poor drainage function after administration of furosemide by itself should never be used as a surgical indication. This is because the drainage is poor even in UPJHN cases with only calyceal dilation (Onen-2).

• An increased AP diameter on ultrasound by itself should never be used as a surgical indication. It is very discussable. What degree is the increase in AP diameter? How many mm or percent is the increase in AP diameter? At what location of renal pelvis is the AP diameter measured?

• SFU-3 represents only calyceal dilation with the normal renal parenchyma which should never be used as a surgical indication by itself.

• SFU-4 represents any degree of thinning in the renal parenchyma. The wide definition of SFU-4 fails to demonstrate accurately the severity of hydronephrosis and thus significantly misleads from prompt treatment. Those with cortical thinning definitely will need surgery while medullary thinning by itself (with normal renal function) does not need surgery.



Surgical Indications for UPJHN Based on the Hydronephrosis Severity Score (HSS)

It has been developed to determine the predictivity of pyeloplasty based on ultrasound and diuretic renogram findings (34). The crucial problem and disadvantage of HSS is that it relies on diuretic renogram and its curve. As we all know, renal scan is greatly affected from hydration, bladder catheterization, position, immobilization, function of the affected kidney, laterality (bilateral), diuretic timing, and operator experience (35–38).



Surgical Indications for UPJHN Based on the Pyeloplasty Prediction Score (PPS)

A recent study has suggested a pyeloplasty prediction score (PPS) using three ultrasound parameters to determine who need surgery and who do not in infants with UPJ-like hydronephrosis (39). They recommend a combination of SFU grade (A), transverse AP diameter (B), and the absolute percentage difference of ipsilateral and contralateral renal lengths at baseline (C) to predict a criterion for surgical need. This study suggests that any infant with UPJO-like hydronephrosis with a PPS of 8 or higher is 8 times more likely to undergo pyeloplasty (39). Unfortunately, none of these parameters is ideal to use due to many disadvantages and/or limitations as described in this review in details. We think that when we put problematic parameters together, it is difficult to get a correct beneficial result from them. Moreover, the laterality (normal right and left long length is different), contralateral or bilateral hydronephrosis, ipsilateral atrophy, or contralateral hypertrophy significantly changes the results of the pyeloplasty prediction score (A + B + C). The absolute percentage (C) would be low when there is a contralateral compensatory growth or an atrophy in ipsilateral kidney which will miss the severity of hydronephrosis. In addition, how would it be an objective criterion in bilateral cases? Any of these parameters can change the percentage (C) from 5 to 20%, which means the score may change from 0 to 4. We should use objective and reproducible criteria that are not affected by many parameters and are applicable for all patients.



Our Surgical Indications for UPJHN Based on the Onen Grading System

• Onen-4 (thin cortex) (<3 mm)

• Onen-3 (thin medulla) (3–7 mm) plus

• Presence of symptom (UTI, pain, stone) or

• >20% compensatory growth in contralateral kidney or

• >10 units decrease in renal function or

• Renal function <35%.




DISCUSSION

Although there are many studies in the literature, indications for invasive diagnostics, and surgery in infants with asymptomatic primary UPJHN are an ongoing challenge, and there is no consensus between different disciplines (1, 40). The surgical decision of such patients is done mostly based on ultrasound findings in the literature due to the invasiveness and high negative predictivity of renal scans in infants.

The crucial point for prompt diagnostics, ideal therapeutic approach, and follow-up of such patients is the severity of hydronephrosis. Such many hydronephrosis grading systems as AP diameter, SFU, radiology, UTD, and Onen have been developed to evaluate hydronephrosis severity in infants (1, 2, 4, 7, 9, 18, 23, 40–42) (Figure 6).


[image: Figure 6]
FIGURE 6. Comparison of hydronephrosis grading systems.


Though some authors have proposed cutoff values for the anterior posterior diameter of the renal pelvis, a simple threshold AP diameter value which separates non-obstructive dilation from obstructive dilatation of kidney does not exist (43). AP diameter is a very dynamic parameter and is affected by many factors (1, 10–12, 18, 19). Its measurement is very variable and misleading due to different renal pelvic configurations (1, 4, 10). Therefore, the use of AP diameters has certain disadvantages and limitations. It does not promptly demonstrate the degree of hydronephrosis (1, 2, 4–6, 11, 43). In the literature, there is no study determining intraobserver and interobserver reproducibility of the measurement of AP diameter. In addition, AP diameter does not consider calyceal dilation or the quality of the parenchyma, which may suggest severe cases of obstruction (1, 4, 12, 43).

The radiology grading system has the same grades 1, 2, and 3 as the SFU grading system with addition of the AP diameter for these 3 groups (7, 9). As we discussed above in detail, the AP diameter should not be a parameter in determining the severity of hydronephrosis for many significant reasons. This grading system divides parenchymal loss into two different grades, suggesting the importance of the renal parenchyma to determine the severity of hydronephrosis, which has somewhat a similar idea as that of the Onen hydronephrosis grading system (1, 4, 7). Radiology grade-4 hydronephrosis represents mild parenchymal loss while grade-5 represents severe parenchymal loss (7). However, it is operator dependent, is not decisive, and does not differentiate grades 4 and 5 clearly. Therefore, between- and intra-rater reliability is low.

The SFU grading system has many certain disadvantages and limitations. All grades are problematic and subjective. Both SFU-1 and SFU-2a represent different degrees of renal pelvic dilation. Therefore, it is confusing and is very difficult to differentiate each other (1, 2, 4). Moreover, follow-up, treatment, and prognosis of these two degree are similar; all of them resolve spontaneously without renal damage (1, 2, 4, 11, 20). They should be in the same degree of hydronephrosis. Both SFU-2b and SFU-3 represent different degrees of calyceal dilation (major vs. minor). Therefore, it is subjective, confusing, and very difficult to differentiate each other (1, 4). It can be influenced by the examiner (22). It has modest inter-rater reliability. Although SFU-3 represents only calyceal dilation, the pictures for SFU-3 show severe medullary thinning clearly. This causes significant confusion among the clinicians and radiologists (1, 4). High grades of SFU represent various features, making prognosis difficult to predict (1, 4, 8, 11, 28). It is subjective and can be influenced by the examiner (22). It has modest inter-rater reliability (43).

UTD-P classification appears to be modified partially from SFU and Onen grading system (4, 9). UTD-P1 and 2 have been modified from the Onen grading system (Onen-1 and 2) (4) while UTD-P3 has been modified from the SFU grading system (SFU-4) (9). This classification includes 3 different risk groups: low-risk (UTD-P1), intermediate-risk (UTD-P2), and high-risk (UTD-P3) groups (2, 29). None of these risk groups is the gold standard for all patients. AP diameter >15 mm, peripheral calyceal dilation, and dilated ureter represent intermediate risk (UTD-P2). For example, bilateral grade-4 intra-renal reflux has exactly these findings. However, we all know that this does not represent intermediate risk. It should be in the high-risk group due to the fact that most of these patients develop significant renal damage and UTI breakthrough with fever. There are many similar examples suggesting that this risk scoring is not the standard for all such patients. Between- and within-rater reliability is moderate for this classification (26, 27).

Significant variability exists within and between raters in SFU, radiology grading, and UTD classification. This is because it is significantly operator dependent to differentiate the dilation of peripheral (minor) calices from those of central (major) calices due to a high discrepancy between raters for interpretation of the two types of calyceal dilation (26, 27). Therefore, the UTD score reliability has been found to be low (26, 27). It is exactly the same for SFU-2b and SFU-3 as well as radiology grades 2 and 3 (1, 4, 7, 9, 26, 27). Central (major) calices are somewhat like a neck between the renal pelvis and peripheral (minor) calices. In fact, the real calices are peripheral ones. Therefore, in our opinion, the exact calyceal dilation should be accepted as peripheral (minor) calyceal dilation. It is because it is significant dilation that is clearly different from renal pelvic dilation and is well-visualized and there is no high discrepancy between raters for interpretation (1, 4). Opposite to SFU, radiology, and UTD classification, the Onen grading system does not differ the central and peripheral calyceal dilation.

SFU-4 and UTD-P3 represent the same degree of hydronephrosis. Both represent any kind of renal parenchymal thinning (medulla or cortex), which is a considerable range of severity of hydronephrosis (2, 9). This wide definition of SFU-4 and UTD-P3 fails to demonstrate accurately the severity of hydronephrosis and thus significantly misleads from prompt treatment. They do not suggest who need surgical treatment and who can safely be followed non-operatively in infants with severe UPJHN (1, 2, 4–6, 11). In addition, these two grades make prognosis difficult to predict in UPJHN cases (1, 4, 8, 28).

The Onen hydronephrosis grading system which has been updated in 2016 determined specific detailed findings of significant renal damage, which clearly showed and suggested who can safely be treated conservatively from who will need surgical intervention for UPJHN (1). The intra-rater reliability of Onen grading is higher than that of SFU (2, 20). This grading system has been shown to have good inter- and intra-observer agreements in the diagnosis and follow-up of hydronephrosis in children (20). Intra-observer agreement for the diagnosis of hydronephrosis in prenatal ultrasound recently showed an almost perfect agreement in the Onen grading system (22).

Onen grading system has a sensitivity of 100%, specificity of 76%, and accuracy of 86.4% (21). In a recent study, all units that had Onen-1 and 2 were not obstructed and had renal function > 40% while Onen grade-4 had 100% specificity, meaning that it consistently predicts kidney damage due to obstruction when present (1, 21). Therefore, renal scan is required for only Onen-3 patients; thus, renal scan could be avoided in more than two-thirds of cases (1, 21).

The upgraded Onen grading system not only uses the quality of the renal parenchyma but also takes into account both affected and contralateral kidney size including longitudinal length and atrophy (1). Considering parenchymal loss, SFU and UTD are the same, differing from the Onen grading system that stratifies it in cortical and medullary loss, which was found clearly more precise (1, 21). Recent studies have shown that patients with Onen-3 had better renal function than Onen-4, proving that this difference is relevant to choosing this grading system for children (1, 4, 5, 11, 21). Bienias and Sikora have shown that 21/25 (84%) children with Onen grades 3 and 4 developed obstructive nephropathy with impaired relative function from 15 to 35% (44). If the study separated Onen-3 and 4, almost 100% of Onen-4 would have shown significant renal damage when they did not undergo surgery. Patients with Onen grade-4 had a 100% specificity while those with parenchymal loss not specified (SFU-4, UTD-3) had only 76% specificity regarding obstruction (21). Therefore, dividing SFU-4 or UTD-P3 into Onen grade-3 (medulla thin) and Onen-4 (cortex thin) provides valuable important information in the follow-up and prognosis of high-grade hydronephrosis (1, 4, 8, 11, 21, 28).

DRF and SFU grade of hydronephrosis do not correctly reflect renal injury in bilateral UPJO; however, Onen hydronephrosis grade shows a significant relationship with renal histopathologic grade and can be an indicator for renal injury in UPJO (45). The Onen grading system is more relevant to post-natal prognosis of fetal hydronephrosis compared to SFU and UTD classification (1, 4, 5, 11). It has previously been shown that the Onen grading system determines the severity of UPJHN better and make follow-up more practical compared to SFU and UTD (1, 11). It is reliable and easily reproducible and plays a significant role in the diagnosis of obstruction in children (1, 21). Therefore, the use and popularity of this grading system are increasing around the world (20–22, 45).

In summary, neither AP diameter nor radiology or SFU or UTD is the gold standard in determining the severity of hydronephrosis. They have been shown to be unsuitable for standardizing due to evaluation criteria (1, 4, 21). All these grading systems are based on subjective parameters and are affected by many factors (1, 2, 4–7, 11, 25). They do not determine the exact severity of UPJHN and thus cause permanent renal damage due to delay in surgical decision in some infants while causing unnecessary surgery in others. In addition, they make prognosis difficult in UPJHN cases (1, 4, 8, 11, 28).

The 4 special structures of the kidney (pelvis, calices, medulla, cortex), each having different anatomophysiologic properties, should be taken into account in determining the severity of hydronephrosis. This is because each produces different risks of renal damage. The upgraded Onen hydronephrosis grading system has been developed based on this basic evidence. Therefore, it has resolved all disadvantages of other grading systems. It is an accurate and easily reproducible grading that has high sensitivity and specificity for diagnosis of obstruction, follow-up, prompt treatment (surgical requirement), and prognosis of infants with UPJHN (1, 4–6, 11, 21).

Regardless of the type of hydronephrosis grading systems, AP diameter and calyceal dilation by themselves are insufficient parameters in determining the severity of hydronephrosis. The quality of the renal parenchyma (thickness and appearance) which is the crucial parameter that parallels with renal function and damage should be taken into account in determining the severity of hydronephrosis. This is because it is an important parameter that significantly and objectively suggests who need invasive diagnostic and surgery while giving information about the clinical prognosis of infants associated with UPJHN.
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The widespread use of obstetric ultrasonography has increased the detection rate of antenatal hydronephrosis. Although most cases of antenatal hydronephrosis are transient, one third persists and becomes clinically important. Ultrasound has made differential diagnosis possible to some extent. Ureteropelvic junction type hydronephrosis (UPJHN) is one of the most common cause of persistent fetal hydronephrosis and occurs three times more in male fetuses. It is usually sporadic and unilateral. However, when bilateral kidneys are involved and presents with severe hydronephrosis, the prognosis may be poor. Typical ultrasound findings of UPJHN is hydronephrosis without hydroureter. The size and appearance of the fetal bladder is usually normal without thickening of the bladder wall. Several grading systems are developed and increasingly being used to define the severity of prenatal hydronephrosis and provides much more information about prediction of postnatal renal prognosis. If fetal urinary tract dilation is detected; laterality, severity of hydronephrosis, echogenicity of the kidneys, presence of ureter dilation should be assessed. Bladder volume and emptying, sex of the fetus, amniotic fluid volume, and presence of associated malformations should be evaluated. Particularly the ultrasonographic signs of renal dysplasia, such as increased renal parenchymal echogenicity, thinning of the renal cortex, the presence of cortical cysts, and co-existing oligohydramnios should be noticed. Unfortunately, there is no reliable predictor of renal function in UPJHN cases. Unilateral hydronephrosis cases suggesting UPJHN are mostly followed up conservatively. However, the cases with bilateral involvement are still difficult to manage. Timing of delivery is also controversial.

Keywords: fetal hydronephrosis, ureteropelvic junction obstruction, fetal pelviectasia, pediatric urinary tract dilation, ultrasound


KEY CONCEPTS

• UPJHN is the most common cause of persistent antenatal hydronephrosis. It is usually unilateral and three times more in male fetuses.

• UPJHN may be 10–30% bilateral and should be managed cautiously for the deterioration of renal functions.

• In all cases with prenatal UPJHN, AP renal pelvis diameter, presence and localization of calyx dilation, renal parenchymal features, presence of urinoma and oligohydramnios should be assessed.

• Patients in the high-risk group should be monitored during the prenatal period with an interval of 2–4 weeks, however patient monitoring should be customized according to the other negative findings.

• When UPJHN is detected during the prenatal period, consulting with pediatric urologists before delivery may contribute the postnatal management plans.



INTRODUCTION

Congenital hydronephrosis is one of the most common anomalies encountered at the prenatal ultrasound evaluation. It is observed in 1–4% of all pregnancies (1, 2).

Prenatal urinary system evaluation should preferably follow an anatomical sequence in order to identify the cause of the dilation. Therefore, urinary system examination in the prenatal period should demonstrate position of bilateral kidneys, dilation of renal pelvis and presence of calyx dilation (central and peripheral), echogenicity of kidney parenchyma, both ureters, bladder size and wall thickness, and anatomy of the external genitalia.

Detection of urinary system malformations are related to the week of gestation when the screening has been performed. Urinary system is usually assessed at 19–21 weeks of gestation, and late onset hydronephrosis is commonly missed during this period. Therefore, urinary system anomalies are not infrequently identified in the third trimester up to a rate of 5% (3).



URINARY SYSTEM EVALUATION WITH PRENATAL ULTRASOUND

Examination of the urinary system in fetal ultrasound scan begins with identifying the presence of kidneys and bladder. From the 11–12 weeks of gestation, fetal kidneys can be visualized by transvaginal ultrasonography as hyperechogenic structures (4) (Figure 1a). Fetal kidneys are imaged in the abdomen at both sides of vertebral column on axial, longitudinal and coronal planes (Figures 1b–d). Kidneys appear as two round paravertebral structures on axial views and renal pelvis oriented toward the midline (Figure 1b). The appearance of normal kidney looks bean-like on longitudinal and coronal planes. At coronal plane, both kidneys can be visualized on the same section and can be compared to each other (Figure 1d). Size of the kidneys can be evaluated by measuring the renal length and comparing it to normal charts. Normal kidneys have the same echogenicity with liver and spleen (Figure 1c). When kidney echogenicity is higher than spleen or liver, it is considered to be hyperechogenic. The cortex and medulla of the kidneys also become differentiable in fetuses older than 18 weeks and difference becomes more significant toward the third trimester (Figures 1c,d, 2c). The renal cortex is slightly echogenic at the periphery of medulla. The adrenal glands are located cranial to the kidneys as more hypoechogenic structures (Figures 1c, 2d).


[image: Figure 1]
FIGURE 1. In (a), kidneys of a 12-week fetus. The best visualization of kidneys (white bold arrows) can be obtained in coronal plane with transvaginal ultrasound at this gestational age. (b) Transabdominal ultrasound shows the normal appearance of both kidneys on the axial plane at 20 + 6 weeks of gestation. Kidneys are located both sides of vertebra and renal pelvis (white arrow-heads) oriented toward the midline. (c) Longitudinal plane, echogenicity of the kidney is comparable to the liver (*). Hypoechoic adrenal gland (∧) is located cranial to the kidney. Cortico-medullary differantiation (white chevron) can be noticed. (d) Coronal plane shows two bean-like kidneys in the same section. This plane is useful to compare the kidneys. The corticomedullary differantiation can be noticed easily on the coronal plane.



[image: Figure 2]
FIGURE 2. (a), the normal appearance of the fetal bladder (white asterisk) in the pelvis between both umbilical vessels. (b) The appearance of kidneys in the 22 weeks with mild renal pelvis diameter. Antero-posterior diameter (APD) of pelvis renalis should be measured in the axial plane, better if fetus in dorso-anterior position. (c) Note the corticomedullary differentiation in a normal appearing fetal kidney. In (d), white arrow depicts the surrenal gland lying on the kideny, shown as echogenic medulla and hypoechogenic cortex.


After evaluation of the location of both kidneys, parenchymal features, the assessment of the dilation (pelviectasis) of the renal pelvis should be made. From the beginning of the second trimester, renal pelvis becomes detectable and the kidneys generally lose their previous hyperechogenic appearance. Renal pelvis always appears as a sonolucent area in the medial of the kidneys (Figure 1b). Pelviectasis or hydronephrosis is evaluated in the sections of the fetal abdominal transverse planes, by measuring the anteroposterior diameter (APD) of the renal pelvis, where possible the fetal back is perpendicular to the probe (Figure 2a). Dilation of the renal pelvis may differ by gestational week, maternal hydration, or bladder distension (5–7).

The bladder can be visualized into the fetal pelvis from the 10th week of pregnancy, however from the 12th week on the pelvis it should be visible as a sonolucent cystic structure between both umbilical vessels (Figure 2b). Ideal position to measure bladder wall thickness is near the umbilical arteries in axial plane of the fetal pelvic area. Bladder wall thickness does not exceed 2 mm in prenatal period regardless of gestational week (8, 9). Fetal bladder empties and refills every 25–30 min during second and third trimester. Although nomogram charts to check the bladder size may be used, subjective assessment is usually gives satisfactory information. Ureters and urethra are not typically visible structures in the prenatal period. These structures may be visualized when dilated in case of bladder outlet obstruction or vesicoureteral reflux.

Fetal urine is the primary source of the amniotic fluid after 14–16 weeks of gestation. Normal volume of amniotic fluid is not only the predictor of normal renal function, but also needed for proper development of fetal lungs. Therefore, the assessment of urinary system should also include evaluation of amniotic fluid volume.

To summarize, when antenatal hydronephrosis (ANH) is diagnosed, the following parameters should be examined in a certain order by ultrasound:

- Severity and progress of hydronephrosis: As the APD increases, the possibility of concomitant congenital urinary system anomalies increases. Presence of calyx dilation and involvement of central or peripheral calices should be assessed. Repeat ultrasound examinations in the second and third trimesters will guide to determine neonatal prognosis. In the presence of severe pelviectasis, the need for surgical intervention may significantly increase in the neonatal period (10).

- Laterality: Such as, if UPJHN is bilateral, the risk for additional congenital kidney anomalies and renal function impairment is increased.

- Parenchymal appearance: An echogenic renal cortex suggests abnormal change of the renal parenchyma. The presence of parenchyma thinning or cortical cyst is associated with impaired renal function. These changes are often observed as consequence of UPJHN, and other lower urinary tract obstructions such as posterior urethral valve (PUV) or VUR.

- Urinoma/urinary ascites: Urinoma is an encapsulated paranephric pseudocyst confined to the Gerota's fascia. It often develops secondary to obstructive pathologies. Although it is rare, it co-exists with dysplastic non-functional kidney on the same side in 80% of cases (11). Urinary ascites develops in cases with lower urinary tract obstruction following to spontaneous or iatrogenic rupture of the kidney or bladder.

- Ureter: Ureter dilation is not observed with UPJHN. It is typically associated with obstructions distal to the uretero-pelvic junction, such as PUV and other infravesical obstructions or vesico-ureteral reflux (VUR) (Figures 4a,b).

- Bladder/ureterocele: Bladder size, appearance, and wall thickness are normal in UPJHN. If increased bladder wall thickness and trabeculation is detected, obstruction distal to the bladder neck (PUV) should be considered (Figures 4a,b). Ureterocele is a cystic dilation of ureter detected inside the bladder. It is usually seen with duplication of the collecting system anomalies, secondary to distended ureters.

- Amniotic fluid volume: Oligohydramniosis develops after decreased urine output due to the urinary tract obstruction or decreased urine production as a result of impaired renal function. It is usually predictor of poor prognosis and implicates severe renal disease, where both kidneys are affected.



EVALUATION OF ANTEROPOSTERIOR PELVIS DIAMETER (APD) AND CLASSIFICATION

Fetal hydronephrosis is usually detected by ultrasound in the second trimester and defined as a renal pelvis diameter measurement above ≥4 mm. As gestational week progresses, definition of threshold values for dilation of the renal pelvis increases in the prenatal period (7) (Table 1). A measurement of ≤ 3 mm is considered normal in all gestational weeks (12). Mild hydronephrosis (APD 4–10 mm) may be a transient finding, or rarely associated with renal or chromosomal abnormalities. More severe dilation increases the risk of congenital anomalies of the kidney and urinary tract (CAKUT). Nguyen et al. reported that 50–70% of the urinary system dilations detected in antenatal period are temporary (7). Determining specific limit values for each trimester of the pregnancy is important for the frequency, follow-up and management of the pelviectasis in both prenatal and postnatal period. Among the prenatal mild pelviectasis cases, only a small proportion have a serious problem in the postnatal period. Renal pathology is confirmed in postnatal period in 12–14% of mild, 45% of moderate and 90% of severe pelviectasis cases detected in the second and third trimesters of pregnancy (13). Presence of calyx dilation and identification of parenchymal echogenicity is important for the prediction of clinically significant ANH cases (14). When calyx dilation (pelvicaliectasis) is accompanied to the renal pelvis dilation, the location should also be defined as central or peripheral. This is important for the classification and prediction of prognosis.


Table 1. Stage of antenatal hydronephrosis (ANH) based on renal pelvis APD in relation to gestational age.
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In order to plan postnatal follow-up, several classification systems for the urinary tract dilation (UTD) have been proposed based on ultrasonographic findings. The most common used classification systems are the Society for Fetal Urology (SFU) Hydronephrosis Grading System and the Urinary Tract Dilation (UTD) Classification System (1, 7). SFU system has five grades (0–4) (7). In this classification system, intra and extra-renal dilation of the renal pelvis is defined subjectively. Dilation of central and peripheral calyces is assessed and parenchymal thickness is described subjectively (Table 2).


Table 2. The sonographic SFU Grading system for fetal urology (https://www.uab.edu/images/peduro/SFU).
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In UTD classification system, measurement of renal pelvis antero-posterior diameter, presence of calyx dilation, subjective definition of parenchymal thickness and parenchymal appearance are specified. Dilation of ureters, assessment of bladder (wall thickness, ureterocele, and dilated posterior urethra) and presence of oligohydramnios are also considered (Table 3) (1). The most important difference of this classification is, quantitative assessment of urinary system (1). Patients are monitored in the prenatal period by separating them into low-risk and high-risk groups according to the severity of the features determined in the UTD classification. As the grade advances prognostic significance increases in UTD system. For example, a fetus has 9 mm renal pelvis AP diameter with increased echogenicity of the kidneys is classified in high-risk group. UTD system may be used also for postnatal cases. This system can evaluate antenatal and postnatal hydronephrosis simultanously, therefore, some studies stated that it is the classification system with the highest correlation with neonatal results (15).


Table 3. Urinary Tract Dilation Classification System.
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An alternative classification system for primary UPJHN was proposed by Onen in 2007 (14). According to Onen's grading system (AGS), isolated pelvic dilation was classified as grade 1. Grade 2 is the presence of calyx dilation in addition to renal pelvis dilation. Grade 3 includes <50% loss in renal parenchyma and grade 4 has severe parenchymal loss. AGS covers essentially neonatal period and is used only for primary UPJHN. Using AGS grading system may simplify the follow-up and treatment plan in postnatal patients with UPJHN. However, it may be difficult to assess the thinning of medulla and cortex separately in the fetus particularly before the third trimester and this system needs to be studied in prenatal period to make a statement on it. UTD system is actually combination of APD classification and SFU and provides more information for the diagnosis. More studies are needed to be done in the prenatal period to compare the SFU, UTD, and AGS classification systems for UPJHN. A comparison of all three grading systems and radiological assessment is demonstrated in Table 4 (16).


Table 4. Prenatal and postnatal evaluation systems used in UPJHN classification (Courtesy of Onen A, 2020, in press).
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ULTRASONOGRAPHIC FINDINGS OF UPJHN IN THE PRENATAL PERIOD

The main cause of hydronephrosis is obstruction at any level of the urinary system. Some obstructive changes may develop very early in fetal life and may cause cystic-dysplastic pathology in the fetal kidney. Therefore, the initial time of obstruction and its consequences are as important as the severity of the dilation. UPJHN is the most common reason of ANH Other causes include vesico-ureteral reflux, uretero-vesical junction obstruction, posterior urethral valve, and other rare incidents (1). Each is caused by different levels of obstruction and carries different ultrasonographic features. Accurate prenatal diagnosis will not only provide appropriate follow-up and prenatal interventions, but also help to prepare for the postnatal management.

The most common pathological cause of antenatal hydronephrosis UPJHN constitutes 10–30% of antenatal hydronephrosis (7). It is reported in 1/750–1/1,500 live births (17). UPJHN is three times more common in males than in females particularly in the neonatal period (18). It is usually sporadic, unilateral and mostly the left side (68%) is affected (19, 20). The etiology of uretero-pelvic junction obstruction is obscure with an adynamic narrow segment causing the obstruction (21).

Typical finding in UPJHN in prenatal ultrasound is unilateral renal pelvis dilation with or without caliectasis, while the ureter is not dilated (Figures 3a,b, Video S1). Bladder dimensions and bladder wall thickness are normal in UPJHN. Presence and localization of caliectasis as central or peripheral, is important for grading systems of SFU and UTD, particularly in prenatal period. Evaluation of appearance of the parenchyma is also essential. As the pelviectasia/caliectasia advances, the parenchyma thickness decreases and echogenicity increases on the affected kidney.


[image: Figure 3]
FIGURE 3. In (a), bilateral UPJHN is seen in a fetus at 22 weeks of pregnancy. Renal pelvis dilated in both kidneys. There is also dilated calyces in the lower kidney (white arrow heads). The size and appearence of the bladder (asterisk *) is normal, and ureters are not visible. (b) Central (dashed arrow) and peripheral calyces (short arrow) in the renal pelvis are dilated. Renal parenchyma is also thinned. (c) Increased echogenicity in the renal parenchyma (upper kidney). A large urinoma (white star) was seen in the lower kidney.


Assessment of the severity of the dilation is essential for the grading systems in all cases of hydronephrosis detected in prenatal ultrasound. For example, in SFU grade 3 dilation, pelvis and peripheral calyces are dilated, but parenchymal thickness is normal (Table 2) (7). However, in SFU grade 4, the parenchyma gets thinner. The difference between SFU grade 1 and 2 is the presence of central calyx dilation in grade 2, independent of the measurement of pelvic dilation. Similar to the UTD system, the SFU grading system can be used both in the pediatric and in the prenatal period.

Most of the urinary system anomalies can be diagnosed by prenatal ultrasound. However, with maternal obesity, advanced gestational week or presence of oligohydramniosis, visualization of the structures may be challenging. Fetal magnetic resonance imaging (MRI) is an important adjunct to ultrasound in evaluation of fetal urogenital system. While ultrasound remains the primary diagnostic modality, MRI helps in more complicated cases or where ultrasound is limited due to technical factors such as poor acoustic window (22). Prenatal MRI may also be useful in differential diagnosis of VUR from UPJHN, particularly in positions where the fetal pelvis is difficult to visualize the ureter dilation (23). Imaging in T1-T2-weighted MRI sequences is rather guiding to evaluate the functional status of fetal kidneys (24). Kajbafzadeh et al. reported that the sensitivity of prenatal MRI in differential diagnosis of urinary system anomalies was 92% in their study (24). Particularly, MRI is informative when type of calyx dilation is difficult to distinguish in cases with prenatal UPJHN (24).



OTHER URINARY SYSTEM ULTRASOUND FINDINGS IN PRENATAL UPJHN

The excessively dilated collection system rarely ruptures spontaneously in UPJHN. As a result, an encapsulated paranephric pseudocyst (urinoma) confined to the Gerota's fascia is formed (25, 26). The urinoma is located on the affected kidney side as an elliptical or crescentric cystic mass adjacent to the kidney and vertebral column (Figure 3c). Similar to in UPJHN, urinoma can occur in the cases with PUV, where the intrarenal pressure can be high enough to cause rupture. PUV can be differentiated more easily with the presence of large bladder which typically looks like a key hole and coexist with bilateral hydroureteronephrosis (Figures 4a,b).


[image: Figure 4]
FIGURE 4. (a) Large bladder with “key hole” appearance (white colored dashed arrow) is typical finding of infravesical obstruction, mostly due to PUV in male fetuses. (b) The affected kidneys in the same fetus (a) showing increased renal pelvis diameter and parenchymal echogenicity.


Urinoma is often detected at 19–30 weeks of gestation in UPJHN. Other cystic structures such as lymphangioma, neuroblastoma and ureteric duplication, which are located in this region, should also be considered in differential diagnosis (27). Modifying the time of delivery or interventions such as shunt placement to the urinoma is not necessary in the prenatal period. Urinomas may regress spontaneously before birth, but this does not imply better prognosis. The presence of urinoma with the dysplastic changes in the kidney parenchyma is associated with a poor prognosis (25, 27). Postnatal normal kidney function in UPJHN cases affected by ipsilateral urinoma is only 7% (28, 29). Another study reported that the prognosis is more morbid in the presence of urinoma with prenatal UPJHN than other urinary tract obstructions (11).

Oligohydramniosis is one of the most important prognostic parameters in evaluating kidney functions in fetal life. Single vertical pocket (SVP) or amniotic fluid index (AFI) are the most frequently used methods in the evaluation of oligohydramniosis. The threshold used to define oligohydramniosis is SVP ≤2 cm or AFI ≤ 5 cm. Bilateral UPJHN with dysplastic changes in kidneys and subsequent oligohydramniosis indicates poor prognosis (18, 30). Since chronic oligohydramniosis is associated with fetal lung hypoplasia, it affects neonatal prognosis directly.

Bilateral UPJHN is detected 10–30% in prenatal ultrasound (20) (Figure 3a, Video S1) and it is frequently detected in <6 month old infants in neonatal period (8, 20). The most diagnostic challenge is differentiation of bilateral UPJHN cases with VUR. VUR is more common in girls, and hydronephrosis is typically presented with ureter dilation (Video S2). Since postnatal management of VUR cases is different from UPJHN, its differentiation in the prenatal period is also important for follow up and management.

Another factor determining the prognosis in prenatal and postnatal period is the appearance of the contralateral kidney. Additional urinary system anomalies are present in 50% of UPJHN. The most common condition which is seen in contralateral kidney is UPJHN. Among the other urinary system anomalies, multicystic dyplastic kidney (MCDK) (Figure 5a), VUR, duplication of the collecting system, rotation and fusion anomalies in the other kidney are reported in conjunction with UPJHN (18). The actual incidence of MCDK with UPJHN is unknown, and its frequency has been reported to range between 2 and 27% (31). Since monitoring and management changes in the presence of other kidney anomalies, the anatomy and location of the contralateral kidney should be carefully evaluated.


[image: Figure 5]
FIGURE 5. (a) Depicts a multicystic-dysplastic kidney, which can be seen in the contralateral kidney in a fetus with prenatal UPJHN in other kidney. Notice the difference between (a,c) and Figure 3. (b) This figure shows increased echogenicity of the lower kidney and loss of cortico-medullary differentiation of renal parenchyma (blac arrow). (c) Pericortical cysts (white arrows) and echogenic parenchyma was shown on (b).




OTHER SYSTEM ANOMALIES CO-EXISTING WITH UPJHN IN PRENATAL ULTRASONOGRAPHY

The incidence of chromosome anomalies accompanying prenatal UPJHN obstruction is relatively low and reported around 1–3%. Karyotype analysis is not crucial in isolated cases when other parameters are favorable. However, in the presence of associated anomalies, prenatal diagnostic invasive procedures should be offered (32). Congenital heart disease, VA(C)TER(L) association, Schinzel-Giedon syndrome and Camptomelic dysplasia are among the most common other system anomalies associated with UPJHN in the prenatal period (33, 34). A comprehensive fetal anatomy scan should be carried out for other systems, particularly including fetal heart, gastrointestinal tract and spine (8, 18).



PARAMETERS DETERMINING POOR PROGNOSIS IN PRENATAL UPJHN

Prenatal management of UPJHN primarily depends on the APD, taken into account by the gestational week. Progression of the obstruction, presence of dilation in calyx system and parenchymal condition of the affected kidney guides the follow-up. Gestational age at presentation, presence of unilateral or bilateral involvement, and other coexisting anomalies are important to determine the prognosis. If there is bilateral UPJ obstruction, associated anomaly in the contra-lateral kidney and/or oligohydramniosis, the prognosis will be negatively affected.

Jiang et al. reported a spontaneous regression rate of 61%, and persistence rate of 23% in cases diagnosed with antenatal bilateral UPJHN (35). Probability of postnatal surgery was 15% in cases where renal pelvis AP diameter was ≥15 mm (35). When calyx dilatation is ≥10 mm, spontaneous resolution is 37%, the possibility of persistence is 29% and the surgical requirement is around 33% (35). However, in cases where calyx dilatation was <5 mm and AP diameter was <10 mm, 90–100% regression was reported, and there is virtually no need for surgery (0–3.7%) (35). This study has shown that pelvic AP diameter plays a primary role along with calyx dilation in determining the follow-up process and the need for intervention. Perlman et.al. analyzed the outcome of 35 fetuses diagnosed with severe isolated hydronephrosis (AP diameter >15 mm) and 48 fetuses with associated with congenital anomalies of the kidney and urinary tract (CAKUT) (10). The CAKUT group was associated with a significantly increased incidence of postnatal need for surgery (17.6 vs. 44.2%, P = 0.014), dysplastic kidney (0 vs. 14%, P = 0.023), and total abnormal outcome (52.9 vs. 86%, P = 0.001). A recent meta-analysis assessed the diagnostic value of APD of the fetal renal pelvis in predicting postnatal surgery. Diagnostic OR of antero-posterior diameter for predicting postnatal surgery was 13.3 mm. The authors suggested 15 mm AP diameter of APD may be used as a cut-off for the prediction of surgery (36). Elmaci et al. emphasized that spontaneous resolution rate was 71%, especially in cases with UPJHN-type antenatal hydronephrosis, where APD was ≤ 20 mm (37).

Regardless of etiology of hydronephrosis, abnormal parenchyma (thin and/or echogenic) appearance is a common parameter used in both SFU (grade 4) and UTD (high risk) classifications. The thickness and echogenicity of parenchyma affected by UPJHN is particularly important to predict renal function (Figures 3c, 5b). However, there is no consensus regarding the location of the assessment of parenchymal thickness prenatally. Moreover, subjective determination of parenchymal thickness may cause more conflicting results. Correlation between parenchymal thickness and prognosis is not clear even in postnatal studies (38). Nevertheless, loss of uniform structure of the renal parenchyma, presence of peri-cortical renal cysts (Figure 5c) and increased renal parenchymal echogenicity in prenatal ultrasound are associated with impaired renal function (Figures 3b, 5b) (39).

Despite all efforts, the contribution of SFU and UTD systems to prediction of prognosis in antenatal hydronephrosis is still uncertain (40). Both is proposed to be used regardless of etiology of hydronephrosis. Several studies have shown that inter-observer reliability of UTD classification is superior to SFU classification (41, 42). The use of other urinary system ultrasound parameters (kidney echogenicity, ureter dilation, ureterocele, oligohydramnios) in UTD classification increases its reliability. Renal pelvis AP diameter is the only quantitative criteria in UTD classification. However, other studies have shown that AP diameter does not make any significant predictive impact in terms of prognosis compared to other parameters (40, 41). A comparison of UTD and SFU grading system for their ability to predict time to hydronephrosis resolution showed that cumulative resolution rate at 3 years was higher in SFU grades (43). Among 401 patients 328 (82%) had resolution in 24 ± 18 months in study population (43). The lower the grade the better the resolution in both grading systems.



PRENATAL FOLLOW-UP AND MANAGEMENT OF DELIVERY

Fetuses with UPJHN should be followed up with ultrasound at regular intervals in prenatal period. Observation of regression, stable continuation or progression should be noted. Spontaneous resolution is often associated with mild dilated renal pelvis AP diameter. Of the 80% cases of the dilation between 4 and 8 mm are resolved, whereas only <15% of the >9 mm cases are regressed in the second trimester (44). Low-risk group includes patients with mild APD with normal kidney echogenicity, normal cortico-medullary differentiation, absence of peripheral calyx dilation. Therefore, it may be appropriate to re-evaluate the low-risk cases only for a second time in the third trimester. The unfavorable prognostic findings are; severe AP dilation (≥7 mm before 28 week or ≥10 mm after), increased kidney echogenicity, parenchymal thinning, peripheral calyx dilatation, presence of oligohydramnios, abnormality in the contra-lateral kidney and presence of bilateral UPJHN. Prenatal ultrasound follow-up examination in 2 week intervals is recommended by most authors in cases with unilateral severe UPJHN, bilateral UPJHN or contra-lateral kidney anomaly (7, 30). Other mild cases should be followed up with 4–6 week intervals until birth (1, 7, 45).

It is recommended to evaluate these cases together with pediatric urologists during the prenatal period, where possible. Multidisciplinary management of the cases will contribute positively to the postnatal outcome (46).

Several studies have shown that the timing or type of delivery does not affect the postnatal course in cases with UPJHN. Benjamin et al. investigated the impact of gestational age on urologic outcomes for the fetuses with hydronephrosis and concluded that late preterm/early term delivery resulted in worse short-term postnatal renal outcomes. They recommended delivery at 39 weeks (47). However, the cases with oligohydramniosis (bilateral UPJHN or contralateral kidney anomaly) are associated with loss of renal function in the third trimester, and earlier delivery may be considered for this group, although the benefit is questionable.



CONCLUSION

Ultrasonography has the essential place in prenatal diagnosis, and has a key role in the antenatal diagnosis of kidney anomalies. Hydronephrosis is the most frequently diagnosed urinary system anomaly in the prenatal period. UPJHN is the most common pathological finding of the fetal genitourinary system. Although it is usually unilateral and have a favorable postnatal prognosis, outcome may be poor when bilateral or when associated with severity indicators. Unfavorable prognostic factors which indicate loss of kidney function are; increase in kidney echogenicity, loss of cortico-medullary differentiation, presence of pericortical cysts, and oligohydramniosis. Ultrasound follow up of the findings in the urinary system at certain intervals is important for the management of pre and postnatal period. Adaption of one of the classification systems such as UTD or SFU or AGS may contribute to the objective assessment of both prenatal and postnatal management. In the absence of obstetric risk factors such as presence of oligohydramnios, positive contribution of delivery timing to the prognosis has not been demonstrated yet.
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Ultrasound is the main imaging study used to diagnose ureteropelvic junction (UPJ) obstruction. On ultrasound, abnormal dilatation of the pelvicalyceal system of varying degrees is seen, whereas the ureter is normal in caliber. A properly performed study provides essential information regarding laterality, renal size, thickness, and architecture of the renal cortex and degree of dilatation of the pelvicalyceal system. Doppler ultrasound may identify a crossing vessel, when present. This imaging method also has been used differentiating obstructive from non-obstructive hydronephrosis by renal arterial resistive index measurements. Abdominal radiographs may show soft tissue fullness, bulging of the flank, and displacement of bowel loops from the affected side. The voiding/micturating cystourethrogram helps exclude other causes of upper tract dilatation, including vesicoureteral reflux, urethral valves, and ureteroceles. Computerized Tomography angiography with multiplanar reformation and three-dimensional images may be used to depict suspected crossing vessels as a cause of UPJ obstruction in older children and adults. Magnetic Resonance Urography has progressed significantly in recent years due to the development of both hardware and software that are used to generate high-resolution images. This imaging technique currently allows for the detailed assessment of urinary tract anatomy, while also providing information regarding renal function, including differential renal function, and the presence or absence of obstructive uropathy.
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INTRODUCTION

Ureteropelvic junction (UPJ) obstruction is the most common cause of pathologic obstructive hydronephrosis in children which is defined as a partial or complete obstruction of the flow of urine from the renal pelvis to the proximal ureter (1, 2). Many theories have been put forward to explain the pathophysiology; however, the cause is not clear. As an intrinsic cause of obstruction abnormally developed ureteral smooth muscle at the UPJ resulting in an aperistaltic segment is considered, while extrinsic obstruction is thought to be caused by an overlying renal vessel (3, 4). UPJ obstruction might lead to progressive damage to the renal function by increasing back pressure on the kidney (5). But the majority of cases resolve spontaneously without a real obstruction and renal damage. Especially in newborns and infants, hydronephrosis develops as a useful adaptation mechanism that protects the kidney from high pressure and damage secondary to the good compliance of the renal pelvis, not as a result of obstruction (6). Therefore, the differentiation of true obstruction from urinary tract dilatation is crucial to avoid unnecessary surgical intervention. All efforts are made to recognize which cases to follow and which ones to treat. Imaging methods play an important and crucial role at this point.

The purpose of this review is to discuss the radiological findings of hydronephrosis related to UPJ obstruction under the title of “ureteropelvic junction type hydronephrosis (UPJHN),” based mainly on ultrasonography and other imaging methods.



ULTRASONOGRAPHY

Ultrasonography (US) is the main imaging study used for evaluating the urinary system in the postnatal period in children with suspected or diagnosed prenatal hydronephrosis (7). This method has lots of advantages such as being safe and non-invasive, cheap, easily accessible in most institutions and also being repeatable with using no radiation exposure. The widespread use of antenatal US screening leads to a significant increase in the detection rate of UPJHN (8). All newborns with a history of antenatal hydronephrosis should be evaluated by US in postnatal period (9). If US is performed in the first postnatal days, mild hydronephrosis may not be detected or the degree of hydronephrosis may appear milder than the fact due to transient dehydration as a result of physiological oliguria in the early postnatal period and subsequent polyuria. Therefore, it is more appropriate to perform the first urinary US examination usually after first week of birth (10, 11). However, in cases of bilateral hydronephrosis, severe hydronephrosis in a solitary kidney, elevated creatinine levels, urinary tract infection, suspected perforation, or posterior urethral valve, early neonatal US may require urgency. If postnatal US is normal, it should be repeated after 4–6 weeks (9). For instance, data in a study shows that 5% of patients requiring surgery for obstructive uropathies had abnormal US findings at 1 month of age despite normal US findings at 1 week of age (12).

A variety of (multifrequency) transducers are used in the evaluation of pediatric urinary tract. For standard pediatric exams, both use of convex probes ranging from 2.5 to 10 MHz and linear probes ranging from 5 to 17 MHz are advisable. High-frequency, high-resolution linear probes are necessary for evaluating details or for assessing neonatal patients. Each kidney should be assessed both in transverse and longitudinal planes. In addition to supine and decubitus positions, prone position reduces the distance to the kidneys, increases image quality, provides better image quality, and enables the medullary structure to be better evaluated (13).

In the presence of UPJHN, US demonstrates multiple dilated calyces of uniform size which communicate with a dilated renal pelvis and abrupt narrowing at the level of the UPJ whereas the ureter is normal in caliber (14). Dilatation may vary depending on position, hydration, fullness of bladder, and kidney function. In the setting of dilatation, the patient should be reexamined after emptying bladder in order to assess the exact severity of dilatation. Since the position of the patient is one of the factors affecting hydronephrosis evaluation, the same position should be used for each follow-up measurement to make accurate comparisons (15).

In addition to ensuring an accurate determination of hydronephrosis, sonographic evaluation has an important role in determining the timing and necessity of other examinations. Since most unnecessary nuclear imaging and voiding cystourethrography examinations are mainly caused by inadequate or inaccurrate information in US reports, a detailed and well-performed US can minimize unnecessary invasive tests that seriously concern children and their parents.

US examination provides essential information regarding laterality, kidney size, appearance (such as echogenicity, corticomedullary differentiation, cyst), parenchymal thickness, presence of pelvicalyceal dilatation (Figure 1) (7, 13, 16, 17). High frequency linear transducers maximize the sonographic resolution of the kidney enabling better evaluation of the medulla and cortex (Figure 2) (13). US also gives important information about contralateral kidney, ureter, and bladder. Due to the increased incidence of other congenital abnormalities of the urinary tract in patients with UPJ obstruction such as vesicoureteral reflux, renal duplication, ureterovesical obstruction, and bilateral UPJ obstruction (10%) (5, 18), a properly performed study should include all the necessary data. However, this is directly correlated to the practitioners training and experience.


[image: Figure 1]
FIGURE 1. Normal renal sonographic images obtained with convex probes. (A) Longitudinal US image of the right kidney demonstrating renal length and parenchymal thickness in supine position. (B) Longitudinal US image of the left kidney demonstrating renal length in supine position. (C) Longitudinal US image of the left kidney demonstrating renal length in prone position. (D) Transverse US image of the right kidney showing renal AP size.
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FIGURE 2. US images using linear transducers. (A) Transverse US image demonstrating corticomedullary differentiation in prone position and detailed visualization of the parenchyma. (B,C) Renal longitudinal and transverse US images in prone position demonstrating physiologic medullary echogeneity with corticomedullary differentiation and uroepithelial thickening in pelvis.


US examination is important to determine the exact level and severity of obstruction in patients with UPJHN, the appropriate treatment, and follow-up decision. This imaging method should be performed periodically at varying intervals according to the severity of hydronephrosis. The primary aim of treatment is to prevent or minimize renal damage and loss of function. In order to ensure the right decision regarding the necessity of surgery and follow- up, some measurements and grading systems have been developed (19–22). The most commonly approved sonographic measurement systems to assess hydronephrosis are the anterio-posterior renal pelvic diameter (APRPD), the Society for Fetal Urology (SFU) grading system, the Urinary Tract Dilation (UTD) system, and the Onen classification.



ANTERIO-POSTERIOR RENAL PELVIC DIAMETER

Anterio-posterior renal pelvic diameter (APRPD) is a quantitative parameter based on the measurement of the greatest diameter on US images acquired in a transverse plane in order to assess the degree of dilatation of the renal pelvis (Figure 3) (22, 23). Monitoring the degree of pelvic dilatation is an important aspect of follow-up in UPJHN. Measurement of APRPD is commonly used as a comparable and sensitive parameter. But this measurement is not fully standardized among radiologists. The most common mistake is to measure the pelvis in longitudinal plane or from the widest extrarenal level (Figure 4). Even if the APRPD measurement is performed optimally, it may vary depending on the hydration status, the bladder being full/empty and the position where it is measured (supine or prone). Hydration can increase renal pelvic dilatation by causing fluctuation in bladder volume and an increase in fluid excretion (24, 25). Although there is no standard renal sonogram protocol regarding hydration status in the evaluation of pediatric hydronephrosis, the effect of hydration on the diameter of the pelvis has been well-documented (25). Hasch (26) recommended a fasting US scan in order to exclude a persistent hydronephrosis, as well as a reassessment after fluid intake so as not to overlook a case of intermittent hydronephrosis. However, performing this method on infants and younger children is not a simple task.


[image: Figure 3]
FIGURE 3. Renal US images showing measurement of APRPD with different grades of hydronephrosis. (A–D) Samples of optimal APRPD measurements obtained within the confines of the renal cortex in transverse plane.



[image: Figure 4]
FIGURE 4. Incorrect measurement of APRPD in longitudinal (A) and transverse (B) US images showing incorrect measurement at extrarenal level (arrow), correct measurement level is also shown.


The accurate measurement of APRPD can be affected by patient position. According to Sharma et. al's study in many cases the APRPD decreases when measured in the prone position (15). US done in the prone and supine positions can also help to differentiate non-obstructive dilatation from obstructive dilatation. While a non-obstructive dilated pelvis can drain better in the prone position, obstructive systems cannot. The measurement of APRPD in the supine and prone positions does not change in the setting of obstruction (15).

Besides the disadvantage of the dynamic nature of APRPD, it is not sufficient alone as it does not provide information about the presence of abnormal renal morphology, parenchymal integrity, or tension in the calices (27).

In some cases, there may be a serious difference between the measurement of APRPD and the actual degree of hydronephrosis, deeming it essential to indicate whether the pelvis is extrarenal or intrarenal, as the kidneys with extrarenal pelvis have lower parenchymal damage by keeping the pressure low for longer. If APRPD is measured from the extrarenal level, it may be perceived as having a more severe obstruction than in actuality (28–30). Therefore, measurement should be procured within the confines of the renal cortex in transverse plane. If the pelvis is located intrarenal, the maximum calyx diameter measurement becomes important in addition to the measurement of APRPD in patients with hydronephrosis. According to a recent study combining the presence of diffuse calyceal dilatation with standard APRPD grading, the first postnatal US provides more information for clinical management and improves the predictive probability of surgery (31). It is also reported in another study that pelvic dilatation with calyceal dilatation may be associated with worse postnatal outcomes than pelvic dilatation without calyceal dilation (32).

APRPD measurement has also a predictive importance in determining whether renal function loss occurs. Previous studies in neonates revealed that an APRPD of >6 mm implies obstruction, while a diameter >15 mm is highly accurate in distinguishing infants with severe uropathy (sensitivity and specificity,>90%) (33–36).

Dias et al. reported that combination of prenatal and postnatal APRPD, with cutoffs of 16 and 18 mm, respectively, was 100% sensitive and 86% specific for predicting surgical intervention for UPJ obstruction (33). Burgu et al. found that an APRPD of <20 mm correlated with the persistence of differential renal function. Stable or decreased APRPD on serial US examinations has predictive value to retained or improved function, postnatally (36). In Coplen's study, 15 mm threshold was used, with a 73% sensitivity and 82% specificity for predicting urological obstruction (37). In Sharifian et al.'s study the best APRPD cutoff to predict surgery was 15 mm (38). Dhillon et al. concluded that in the setting of preserved differential renal function (>40%), all patients in their study (n = 36) had APRPD of ≥40 mm and experienced renal deterioration requiring surgical intervention while no patients with renal pelvic diameters of <15 mm progressed to surgery (30).



SOCIETY FOR FETAL UROLOGY (SFU) GRADING SYSTEM

The SFU classification system was developed to replace the traditional grading system, which uses the subjective descriptors “mild,” “moderate,” and “severe.” The SFU grading system is the most widely used grading system in assessment of hydronephrosis in the postnatal period (27).

The SFU grading system is a qualitative assessment of hydronephrosis in determining the degree of dilatation which describes the degree of hydronephrosis according to renal pelvic dilatation, calyceal dilatation, and the presence of cortical thinning. It is classified as grade 0 = no hydronephrosis, grade 1 = only visualized renal pelvis, grade 2 = dilatation of a few but not all calyces, grade 3 = dilatation of virtually all calyces, and grade 4 = dilatation of the renal pelvis and calyces in addition to parenchymal thinning (19). According to the SFU system the status of the calices is more important than the size of renal pelvis. Although the SFU is a useful system, it can be influenced by the practitioner.

Some studies have demonstrated that the severity of hydronephrosis in the SFU grading system correlate with postnatal outcomes. Hydronephrosis with high SFU grades exhibit various features that result in a less predictable prognosis, whereas hydronephrosis with low SFU grades show good prognosis and resolve spontaneously (39). For example, Ross et al.'s study examined neonatally diagnosed patients with grade 3 or 4 hydronephrosis, who were followed up with serial diuretic renography. The study deduced that patients with grade 4 hydronephrosis were more susceptible to having impaired renal function or decreased drainage relative to patients with grade 3 hydronephrosis, making the former more likely to require surgical intervention (40).

SFU grading system has limitations such as being qualitative and subjective; the system is unable to consistently discern diffuse and segmental parenchymal thinning, and the difference between grade 3 and 4 disease remains unclear (41). Similarly, two separate cases that should have different management are defined in the same grade (SFU-4): hydronephrosis with a slightly thinned parenchyma, and a slightly reduced function with hydronephrosis with severely thinned parenchyma and a very severe loss of renal function. To address this shortfall, Sibai et al. (31) suggested the subcategorization of SFU grade 4 as two groups: segmental cortical thinning (grade 4A) and diffuse cortical thinning (grade 4B) (42). In the literature there are also some studies combining the SFU with APRPD (31, 43, 44). Dos Santos et al. proposed a grading system conjoining SFU and APRPD quartiles of <6, 6–9, 9–15, and >15 mm. They additionally included the presence of diffuse caliectasis as a factor in grading (31). In an another study, Longpre et al. offered that grade 4 hydronephrosis and a starting APRPD >29 mm holds predictive value for surgical intervention (44).



UTD CLASSIFICATION

Established in 2014, the Urinary tract dilation (UTD) classification system is a system developed by representatives from societies which specialize in the diagnosing and treatment of fetuses and children with hydronephrosis. The corresponding eight societies comprise the following: American College of Radiology, American Society of Pediatric Nephrology, Society for Fetal Urology, American Institute of Ultrasound in Medicine, Society for Maternal-Fetal Medicine, Society for Pediatric Radiology, Society for Pediatric Urology, and Society of Radiologists in Ultrasound (20).

The UTD classification system describes the urinary system with the use of six US findings: (1) APRPD, (2) calyceal dilation with distinction between central and peripheral calyces postnatally (central calyces in place of major calyces and peripheral calyces in place of minor calyces), (3) thickness of renal parenchyma, (4) appearance of renal parenchymal, (5) bladder abnormalities, and (6) ureteral abnormalities (20).

While there are only three antenatal subclassifications (normal, UTD A1, UTD A2–3), four subclassifications are defined in the postnatal period (normal, low risk (UTD P1); intermediate risk (UTD P2); and high-risk (UTD P3) (45).

The criteria of the postnatal classification are made regardless of the child's age. According to this classification system a normal kidney has an APRPD of <10 mm and should have no calyceal or ureteral dilation. If the APRPD measurement is between 10 and 15 mm or has central calyceal dilation, the urinary tract is classified as UTD P1. If the APRPD is >15 mm or peripheral calyces are dilated, it is classified as UTD P2. Classification is based on the most concerning US finding, if there is ureteral dilation with APRPD >10 mm it is evaluated as UTD P2. Accompanying with urinary tract dilation of either the renal parenchymal echogenicity, thickness or bladder is abnormal, it is upgraded to UTD P3 (45).

This classification system can be used in prenatal and postnatal evaluation with some advantages over SFU, since it also provides information about ureter and bladder. However, if the cause of hydronephrosis is only due to UPJ obstruction it is not advantageous to include these two parameters, and mentions of superiority would be unsubstantial. Its complicated nature is also a disadvantage for routine clinical practice.



ONEN CLASSIFICATION

In 2006, Onen proposed an alternative grading system by modifying the SFU grading system to display better the severity of dilatation and to enable easier follow-up in the prenatal and postnatal period evaluations. The system maintains that APRPD is affected by various factors and parenchymal thickness is a more important criterion and relies on the appearance of hydronephrotic kidney, the thickness of renal parenchyma, and the presence of caliceal dilatation. Regardless of the APDRP, severity of hydronephrosis is defined by the degree of caliceal dilatation and of renal parenchymal loss. Grade 1 represents pelvic dilatation alone, Grade 2 with calyceal dilation, Grade 3 with <50% loss of the renal parenchyma, and Grade 4 with severe loss of renal parenchyma (21). While the Onen grade 1 is a combination of SFU grades 1 and 2, SFU grade 4 is divided into two grades (<50% renal parenchymal loss as Onen grade 3; more than 50% renal parenchymal loss as Onen grade 4) (21, 46). The system has been upgraded. Findings such as the absence of corticomedullary differentiation, cortical parenchyma <3 mm, the loss of medullary parenchyma, and significant hyperechogenicity have also been defined AGS grade 4 (47). In our opinion these parenchymal details contribute significantly in the assessment of UPJ obstruction cases.

In addition to these classification systems, alternative several sonographic parameters have been proposed to assess the severity of the hydronephrosis such as pelvicalyceal area (48), parenchymal to pelvicalyceal area (hydronephrosis index) (49), calyx to parenchymal ratio (50), and pelvicalyceal volume using three dimensional (3D) US (51). These methods are more complicated to perform, neccessitate specialized software, therefore they are not commonly utilized in routine clinical practice.

In the literature, many studies comparing these classification systems reported different results with some superiorities and predictive values for surgery (46, 52, 53). There is no definitive standardized imaging algorithm, classification systems, or consensus in terms of necessity of surgical intervention and follow-up (Figure 5). As a result, the current approach is mostly based on a physician's or institutional individual's practice. The decision for surgery is determined based mainly on the severity of hydronephrosis on US, impairment of kidney function in renal scintigraphy, unilaterality, or bilaterality of hydronephrosis and the presence of clinical symptoms including pain, infection, and renal stones (5, 21, 28, 53, 54). US is used as a primary diagnostic tool during follow up of hydronephrosis (7, 13, 17, 55). It is very important to accurately determine whether there is an increase in hydronephrosis on US. Hafez et al. showed the importance of US examination in the follow up of hydronephrosis patients (55). Worsening of hydronephrosis on two successive US scans is considered an indication for the necessity of surgery as it suggests deterioration in renal functions (Figure 6) (54–56). In addition to worsening of hydronephrosis on follow-up US, it is very important to identify the findings that may develop secondary to urinary stasis such as infection or stone development (Figure 7). As management decisions are made based upon consecutive examinations, we suggest US scans be performed by the same practitioners with the same US device, under standardized circumstances and protocols.


[image: Figure 5]
FIGURE 5. Comparison of hydronephrosis garding system.



[image: Figure 6]
FIGURE 6. Two consecutive US examinations in a 6-month-old girl with UPJ obstruction. (A,B) Baseline US images demonstrate decreased parenchymal thickness with pelvicalyceal dilatation. (C,D) Control (2 months later) US images showing significant decrease in renal parenchymal thickness with worsening pelvicalyceal dilatation. A new small echogenic focus suggesting microlithiasis is also present.



[image: Figure 7]
FIGURE 7. Samples of important US findings in giving surgical desicion. (A,B) Longitudinal and transverse US images of the left kidney demonstrating severe pelvicaliyceal dilatation with serious parenchymal thinning, medullary compression, and echogeneity and luminal debris suggesting infection and/or cristalury. (C) Longitudinal US image showing pelvicalyceal dilatation with the presence of micro calculi, (D) Transverse US image showing uroepithelial thickening and layering of low-level debris consistent with pyonephrosis.


In our institution according to the age and consciousness of the child we perform US examination with the bladder full and then emptied. By means of urinary US, drawing from the previous classification systems mentioned above, instead of using classification systems we report all the US measurements and findings of the patient's urinary tract such as; renal size (craniocaudal and axial), location of pelvis (intrarenal or extrarenal), APRPD, calyceal dilatation (central or peripheral), parenchymal thickness, the condition of the renal parenchyma (echogenicity of cortex and medulla, medullary compression, existence of cyst), ureter (caliber, peristalsis, lateralization of the ureterovesical junction, ureteric jet), bladder (capasity, luminal echogenicity, and wall thickness), status of constipation, and possible accompanying urinary malformations. In a pediatric nephrourology council consisting of pediatric nephrologists, pediatric urosurgeons, pediatric radiologists, and nuclear medicine specialists, we discuss the children with all the data collected from the radiologic (prenatal, postnatal, and follow-up), and scintigraphic examinations, paying special attention to the patient's clinical status. A decision is then made for either surgical intervention or follow-up.



DOPPLER ULTRASONOGRAPHY

Color doppler US may identify a crossing vessel, when present. The UPJ obstruction due to crossing vessel is one of the extrinsic causes of obstruction that occurs at higher ages than intrinsic causes (3). These vessels usually supply the lower pole of the kidney and most of the time originate from the renal artery or the aorta. Since its treatment is surgical, it is important to detect the presence of a crossing vessel.

Color doppler US might also allow to differentiate a dilated pelvicalyceal system from prominent vessels in the hilum of kidney. Furthermore, assessment of ureteric jets in the bladder can be used to differentiate obstructive causes of hydronephrosis from non-obstructive ones in children. In the presence of obstructive hydronephrosis, the frequency of ureteric jets on the affected side may be greatly reduced when compare with the contralateral normal side (57, 58).

Traditional US does not provide functional data about obstruction. With the use of pulsed doppler, obstructive hydroneprosis can be distinguished from non-obstructive hydronephrosis by renal arterial resistive index (RI) measurements (59, 60). RI is described as the peak systolic velocity minus the lowest diastolic velocity divided by the peak systolic velocity. Because of vasoconstriction caused by renin, angiotensin, and other hormones, diastolic arterial flow velocities are decreased and RI values are elevated in patients with obstructive hydronephrosis (61). A RI of >0.7 and a RI difference of >0.08 between kidneys in children are suggestive of renal obstruction, while a RI of <0.70 generally indicates non-obstructive dilation (59). An elevated RI is not a characteristic finding for obstruction, the value could be >0.70 without obstruction, in patients with renal parenchymal diseases. It should also be remembered that RI values may be higher than that of adults during the newborn and infant period (0.70–1.0). Furthermore, hypotension, a low heart rate, and dehydration can alter the RI values. Nevertheless, a normal RI values are still an important parameter in order to exclude obstruction (62).



ELASTOGRAPHY

US shear-wave elastography (SWE) with acoustic radiation force impulse technology, is a non-invasive, non-ionizing imaging method that might be used to evaluate the stiffness of tissues. In the presence of UPJ obstruction, back pressure from upper urinary tract obstruction may affect renal parenchymal stiffness. A preclinical animal model investigation by Gennisson et al. (63) reported a progressive linear increase in renal stiffness related to increasing urinary pressure. Sohn et al. (64) found that SWE values were higher in kidneys with high-grade hydronephrosis than in normal kidney. In another study by Habibi et al. (65) showed different results: SWE values were higher in control kidneys compared with kidneys affected by UPJ obstruction. In Dillmann et al.'s study to distinguish obstructive hydronephrosis from non-obstructive ones was found no difference in SWE between two groups (66). In addition to limited experience with SWE technology to evaluate kidney, it is not a practical imaging method in the assessment of younger children and requires special application.



ABDOMINAL RADIOGRAPHS

Abdominal radiographs may show soft tissue fullness, bulging of the flank from the affected side and status of bowel loops (i.e., constipation). It may also demonstrate possible stone formation in the effected kidney and give information about the lumbosacral vertebraes.



VOIDING/MICTURATING CYSTOURETHROGRAM

As this imaging modality will be discussed in detail within the scope of this journal as a separate article, we want to mention only briefly.

The voiding/micturating cystourethrogram cannot evaluate the obstruction but enables to exclude other causes of hydronephrosis, including accompanying vesicoureteral reflux (VUR), urethral valves, and ureteroceles (67). VUR may coexist with UPJ obstruction in 8–14% of cases. Identification of VUR is important since children with concurrent VUR and UPJ obstruction may have increased risk for infection (68). Because of its invasive nature, radiation exposure, the risk of urinary tract infection after procedure, indications of voiding cystourethrography should be carefully determined. In the presence of bilateral hydronephrosis (or solitary kidney), duplicated system, small kidney, abnormal echogenicity, dilated ureter, ureterocele, suspected infravesical obstruction, and abnormal bladder voiding cystourethrogram should be performed (69).



INTRAVENOUS PYELOGRAPHY

Intravenous pyelography (IVP) or intravenous urography (IVU) has been the important imaging modality for assessment of the urinary tract (70). Although IVP indications have decreased with advances in imaging technology, it is still used in some centers where advanced imaging methods are limited. Dilatation of collecting system, with parenchymal changes in the nephrogram phase, and delay in excretion of contrast medium are characteristic findings of obstructive hydronephrosis (71). But IVP is not sufficient for visualization of poorly functioning kidneys which are severely blocked due to poor contrast excretion (72). It has some disadvantageous such as impaired image quality as a result of bowel gas, the risk of radiation exposure, contrast nephrotoxicity, and hypersensitivity reactions. It may also requires several radiographs with total examination time period extending up to many hours in cases of urinary tract obstruction.



COMPUTERIZED TOMOGRAPHY UROGRAPHY AND ANGIOGRAPHY

In spite of all advances, as a rule, computed tomography (CT) must be avoided in pediatric patients because of the x-ray content as much as possible (73). Despite ionizing radiation exposure, it can be useful in some specific indications in kidneys and urinary tract diseases in children (74). This method should be considered as a second line imaging technique in children; it can support the diagnosis after a comprehensive US evaluation including Doppler US. CT scan can detect the location and cause of obstruction such as crossing vessels

While maintaining the diagnostic value of CT examinations as in the ALARA principle, it should be aimed to minimize the dose of X-ray radiation as in the ALARA principle (75–77). For this purpose, the patient should be evaluated with age-adapted kVp and mAs values, multi-phase examinations should be avoided and appropriate amount of contrast, and delay time should be selected (77). If IV contrast medium administration injection is necessary, low or iso-osmolar and non-ionic iodinated ones should be administered and renal function must be checked prior to the examination. Children should be hydrated before the examination. Contrast agent dose may range from 1 and 4 ml/kg, generally 2 ml/kg (78). Since the scan times is shorter, sedation is not often needed.

Multidetector CT scanners allow for rapid and complete imaging of the urinary tract and comprehensive evaluation of the urinary system pathologies. Thin CT slices thickness of <1 mm provides optimal reconstruction in coronal and sagittal planes. The sagittal-coronal projections, additional 2D and 3D-reconstructions 3D-volume rendering and maximal intensity projection (MIP) images are very helpful in better visualizing the anatomy of the collecting system and as well the crossing vessel. Application of CT in the assessment of the urinary tract is called CT urography (CTU), vascular structures evaluation is called CT angiography (CTA).

CTU examination is used for imaging the kidneys and urinary tracts, where the excretory phase is mandatory (79). The triple-phase technique includes separate non-enhanced, contrast- enhanced, and excretory phases. Non-enhanced phase may be obtained to detect stones that may occur secondary to obstruction. On contrast enhanced excretory phased CT, the obstructed kidney demonstrates delayed opacifications, and excretions of contrast material. But it is essential to remember the increased radiation exposure risk of multi-phase studies in children. Therefore, several imaging protocols have been used in practice, in order to decrease radiation exposure such as split bolus technique (80). The contrast medium is administered in two parts, with a several minutes interval between the portions. A split bolus of the contrast agent, combining the parenchymal, and excretory phases may help to reduce the need for multiple phases in some conditions. In addition to ensuring that two examination phases during one scan, this protocol reduces the radiation dose while maintaining the diagnostic value of both phases (78, 80).

The arterial phase is very important and crucial in order to detect the crossing vessel and CTA with multiplanar reformatted and three-dimensional images are used to evaluate the cause of the crossing vessel as a cause of UPJ obstruction especially in older children (Figure 8) (81).


[image: Figure 8]
FIGURE 8. Crossing aberrant renal artery causing left UPJ obstruction in a 14 year-old boy. (A) Axial and (B) coronal CT images showing left pelvicalyceal system dilatation with delayed nephrogram phase, pelvis is extrarenally located, dilatation is more prominent in the pelvis than calices, note the crossing vessel (arrow). (C) Coronal MIP image better demonstrates the crossing vessel as the cause of UPJ obstruction (aberrant lower pole artery) (arrows).


Although the radiation risk is well-known in pediatric patients, CTU, and CTA examinations provide important information both for anatomy and function of the urinary tract (renal parenchyma, collecting system, accessory vessel, stone formation, and contrast excretion) with higher acquisition speed especially in patients who are unable to undergo MRI or in center where MRI is not available.



MAGNETIC RESONANCE UROGRAPHY

In recent years, Magnetic Resonance Urography (MRU) has substantially progressed due to the development of high-resolution image generating software and hardware. This imaging technique currently permits the detailed evaluation of complex renal and urinary tract anatomy, while also providing information regarding renal function, including differential renal function, and the presence or absence of obstructive uropathy without the use of ionizing radiation (82, 83). MRU has all the disadvantages of MRI, such as requiring sedation to prevent motion artifacts in younger children. The use of gadolinium, which may be the cause of nephrogenic systemic fibrosis in patients with low glomerular filtration rate (GFR), presence of a metallic prosthesis, staying 35–70 min in an enclosed area for claustrophobic patients and costs are other additional disadvantages (74).

MRU is a promising alternative method, being a single examination able to assess kidneys and the entire urinary tract as it combines both anatomic and functional information (84–86). In addition to providing detailed anatomical and morphological information about the kidney, MRU enables the evaluation of the whole ureter course and identification of ectopic insertions and potential causes of obstruction (such as crossing vessel) (87, 88).

It is possible that a pediatric MRU be performed at 1.5 or 3 Tesla (T) in children of any age by using multi-element phased-array surface coils. 3 T magnets provide better image resolution, whereas 1.5 T magnets tend to provide more homogeneous fat saturation and are less susceptible to artifacts. A bladder catheter is placed, which permits for continual drainage of urine to avert patient discomfort and promote excretion and assessment of the urethra on imaging. The bladder catheter is first clamped to allow evaluation of the bladder, then the catheter is left to drain. A peripheral IV catheter is positioned to administer hydration, diuretic (usually furosemide) and IV contrast material (86).

MRU examination consists of two basic approaches. The first technique allows evaluation of the anatomical structures of the kidney, ureter, and bladder by using a diversity of T2-weighted pulse sequences (e.g., single shot fast spin echo, two-dimensional fast spin echo [2D] [FSE], and three-dimensional [3D] FSE) (74, 86). It enables direct visualization of UPJ anatomic structures, assessing the degree of luminal narrowing, and determining the presence of UPJ kinking or tortuosity as well as the site of ureteral insertion on the renal pelvis (e.g., abnormally high insertion) (87, 88).

The second technique involves dynamic and delayed postcontrast MRU images that allow evaluation of renal perfusion (including imaging of renal arteries, quality of parenchymal enhancement, contrast material excretion into the renal collection systems, and ureters). Delayed postcontrast images can also be utilized in generating 2D reformations that provide optimal visualization of relevant anatomic structures (e.g., the UPJ) and 3D reconstructions, including MIP and volume-rendered images, which provide an overview of urinary tract anatomic structures on a single image (Figure 9). This method also allows the measurement of differential renal function [based on the amount (volume) of enhancement of renal parenchyma or based upon glomerular filtration of contrast material] and time vs. signal intensity washout/excretion curves. Currently, accurate absolute quantification of glomerular filtration rate is not possible with MRU (89).


[image: Figure 9]
FIGURE 9. Right UPJ obstruction in a 14-year-old girl. (A,B) T2-weighted fast spin-echo coronal (a) and axial (b) MR images showing right renal collecting system dilatation, pelvis is extrarenally located, the thickness of renal parenchyma is decreased and corticomedullary differentiaton is lost. (C) Axial post-contrast excretory phase showing delayed excretion in the right renal collecting system, notice the contrast material in the left pelvis. (D) MIP MR image showing UPJ obstruction with kinking and angulation at the UPJ and a normal caliber ureter, left kidney is normal.


MRU is a promising imaging modality with superior anatomical and functional information in a single test free of the use of ionizing radiation and functional MRU might be able in the future to replace the renogram, because of the quality of the signal. However, due to difficulties of implementation in pediatric group, the absence of each center and the need to increase experience in this regard, it is not widely use yet.



POST-OPERATIVE EVALUATION

Many modalities have been used, US, IVP, radionucleotide scan (RS), and MRU to evaluate patients in postoperative period at various time intervals. US and RS are the most widely used investigations (90). As in pre-operative evaluation of UPJ obstruction, there is also no consensus about the follow-up approach and interval in the post-operative period. Studies suggest that follow-up can be performed with both US and RS at certain time intervals in the postoperative period which can direct the necessity of further investigations (91, 92). However, it is obvious that the US should be the first choice to avoid both radiation and urethral catheterization with an increased risk of urethral trauma and urinary system infections in pediatric patients. If there is suspicion about complications in post-operative periods such as urinary tract infections, pyelonephritis, urine extravasation, US is also the first imaging modality.

Properly performed US provides an accurate assessment of renal pelvis/caliceal dilatation, renal parenchymal thickness, echogenicity, and renal growth postoperatively. After successful pyeloplasty, renal function stabilization takes ~1 year and renal function may improve (Figure 10). If there is no problem in the early postoperative period, first control with urinary US may be performed 1 month after the operation. Persistance of the pelvicalyseal dilatation does not indicate continued obstruction (93). In this early post-operative period, significant resolution of hydronephrosis should not be expected, no worsening, or a slight decrease in hydronephrosis can be sufficient (93). Because even if obstruction is surgically removed, the average time for the renal pelvis to regain flexibility is achieved around 2 years (21, 30). On the other hand, it should also be known that early improvement in dilatation on US could be due to surgical reduction of the renal pelvis rather than true improvement. Measurement of pelvis AP diameter and parenchymal thickness may be useful for follow-up but there is no cut-off value in pelvic diameter due to these factors mentioned above and the level of hydronephrosis is also affected by hydration or the amount of urine in the bladder. However, we can say that worsening or persistence of hydronephrosis, decrease in cortical thickness and clinical findings (i.e., colic pain, urinary tract infection) are not expected findings and should alert to determine the functional patency of the UPJ.


[image: Figure 10]
FIGURE 10. (A) Longitudinal US image in a 1-month-old boy infant showing significant dilation of the pelvicalyceal system with parenchymal thinning (B) Control US image obtained after pyeloplasty demonstrates significant resolution of dilatation.


Although majority of surgical failures occur within 1 year after pyeloplasty, there are also cases reported later and failure rate has been described in published reports as 5–10% (94, 95). Serial renal US are recommended at 3, 6, and 12 months, and then annually for 2 years, with additional testing based on US and clinical presentation (95).

IVP was previously widely used to assess surgical success after pyeloplasty, although it is not preferred now. CT and MRU are other radiological options to assess surgical anastomoses (e.g., in the context of UPJ obstruction repair) and reimplanted ureters (96).



CONCLUSION

US is the main imaging study used to diagnose UPJ obstruction. This method has lots of advantages but does not provide functional information about the urinary tract. The question is to differentiate true obstruction from urinary tract dilatation which is very crucial in determining the treatment decision. US examination provides essential information regarding laterality, kidney size, appearance (such as echogenicity, corticomedullary differentiation, cyst), parenchymal thickness, degree of obstruction. In order to provide right decision, necessity of surgery and standardization, grading, and classification systems have been developed. However, there is no definite consensus and worldwide accepted standard protocols and as a result current therapeutic approach is mostly based on US findings, follow-up results, clinical and scintigraphic findings, and dependent on physician or institutional individual practices. CT and MR are not routinely performed radiologic studies but are often reserved for special cases such as demonstration of an aberrant artery as the cause of obstruction.
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The most common cause of hydronephrosis in the pediatric age group is ureteropelvic junction-type hydronephrosis (UPJHN). Since the advent of widespread maternal ultrasound screening, clinical presentation of hydronephrosis associated with UPJ anomalies has changed dramatically. Today most cases are diagnosed in the prenatal period, and neonates present without signs or symptoms. For those who are not detected at birth, UPJHN eventually presents throughout childhood and even adulthood with various symptoms. Clinical picture of UPJHN highly depends on the presence and severity of obstruction, and whether it affects single or both kidneys. Abdominal or flank pain, abdominal mass, hematuria, kidney stones, urinary tract infections (UTI), and gastrointestinal discomfort are the main symptoms of UPJHN in childhood. Other less common findings in such patients are growth retardation, anemia, and hypertension. UTI is a relatively rare condition in UPJHN cases, but it may occur as pyelonephritis. Vesicoureteric reflux should be kept in mind as a concomitant pathology in pediatric UPJHN that develop febrile UTI. Although many UPJHN cases are known to improve over time, close clinical observation is critical in order to avoid irreversible kidney damage. The most appropriate approach is to follow-up the patients considering the presence of symptoms, the severity of hydronephrosis and the decrease in kidney function and, if necessary, to decide on early surgical intervention.
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INTRODUCTION

Widespread use of prenatal ultrasonography (US) gave clinicians the opportunity to diagnose urinary tract abnormalities much earlier and more frequently than the past (1). The approximate varying incidence of 1 per 750–2,000, ureteropelvic junction type hydronephrosis (UPJHN) is the most common cause of childhood hydronephrosis (2). It occurs in 13% of children with prenatally detected renal pelvis dilatation, and is more common on the left side, more common in boys (2:1- male to female), and is rarely seen bilaterally (2–4).

An obstruction at ureteropelvic junction level which is defined as restriction of urine outflow from pelvis renalis to the ureter may result in progressive deterioration or hinder normal renal development (5–8). Over 50% of all cases considered to have kidney abnormalities in the prenatal period are hydronephrosis, but unfortunately there are currently no reliable prenatal diagnostic test that can distinguish obstructive hydronephrosis from non-obstructive (8–10). The differentiation between urinary tract obstruction and dilatation is the most important problem in the management of these patients (6, 11, 12). Since the clinical course are quite diverse, and generalization is rather difficult, the most appropriate approach of UPJHN seen in children would be to evaluate on a patient basis (4, 13–16).

In this review, the purpose is to provide general information about the clinical presentation and symptomatology of hydronephrosis associated with uretero pelvic junction anomalies, as well as discussing the clinical findings through some case examples.



CLINICAL PRESENTATION

Over the last decades, clinical presentation of patients with UPJHN has shifted from the “symptomatic” patients to the “asymptomatic” neonates who present with prenatal diagnosis (1–4, 15, 16). UPJHN cases without a prenatal diagnosis present with various symptoms such as febrile urinary tract infection (UTI), abdominal masses, pain, pyuria, hematuria, and some gastrointestinal symptoms in the post-natal period or later years. Failure to thrive, anemia, hypertension, and urinary extravasation are much more rare symptoms of UPJHN in childhood (14–16).

Clinical picture of hydronephrosis associated with uretero pelvic junction anomalies highly depends on the presence and severity of obstruction, and whether it affects single or both kidneys. However, most infants with severe hydronephrosis are otherwise asymptomatic and rarely require intervention during follow-up (6, 8, 12). Therefore, parallel to the change in its clinical presentation, the first enthusiasm for early intervention of hydronephrosis associated with UPJ anomalies has turned into a more conservative approach in recent years (11, 15, 17–19). Although there are numerous publications regarding conservative management of UPJ hydronephrosis, and the current trend is to follow the infants through clinical and US findings, the general practice shows a wide variety even today (20–26).

The most accurate answers to the questions of which treatment is better for symptomatic infants, which kidney will benefit from surgery and which patients should be followed up expectantly are still not clear. There are two issues that do not have much discussion during follow-up period of UPJHN patients. First; close monitoring is mandatory for high-grade hydronephrosis managed conservatively; secondly, severe hydronephrosis suggesting an obstruction in solitary kidney is an indisputable condition that requires urgent intervention. An urgent intervention may also be required in patients presenting with urosepsis or acute renal failure (13, 15, 26, 27). In general, the surgical decision in UPJOHN cases is made based on US findings. Therefore, accurate determination of hydronephrosis severity is very important for infants associated with UPJHN. In severe cases of hydronephrosis (SFU 4) with renal parenchymal thinning, clinicians should make a surgical decision without delay, as kidney function may also be impaired in a short time. Based on EAU and ESPU 2019 Guidelines on pediatric urology, surgical indications for UPJHN are impaired renal function (<40%), significant renal functional decrease (>10%) in control scans, poor drainage after furosemide injection, increased AP diameter, and SFU-III/IV (8, 26). Although there are problems with some of these indications, absolute surgical indications in the follow-up of UPJHN cases can be considered as renal parenchymal thinning (<3 mm), contralateral kidney balancing hypertrophy and decreased kidney function. Differential renal uptake on diuretic renography <30% in unilateral cases and <35% in bilateral cases is usually required a surgical intervention. Surgical treatment can also be recommended in children whose SFU3 hydronephrosis continues for 3 years and develops compensated hypertrophy in the contralateral kidney (27). If the main goal during conservative monitoring is to protect the child from the risk of permanent kidney damage, waiting for ultrasonographic or functional deterioration is a cornerstone that must be distinguished very carefully in each case. It should be noted that at this cornerstone, the presence of symptoms such as recurrent UTI, hematuria, kidney stones or pain will speed up the decision of surgical intervention (21, 26, 27).

As mentioned above, the clinical picture of UPJHN should be evaluated in two different categories, considering that most cases are asymptomatic and diagnosed on routine prenatal US screening; (a) asymptomatic infants who are usually managed conservatively (b) children who present at an older ages with urinary symptoms or as a result of incidental findings during the analysis of unrelated problems.



INFANTS WITH PRENATAL DIAGNOSIS

Symptomatology in a newborn with antenatally diagnosed UPJHN is usually the absence of symptoms. However, the most frequent symptom of UPJHN in neonates and infants was a palpable flank mass in the past. Most of the abdominal masses encountered in the neonatal period are related to hydronephrotic kidneys. Therefore, a palpable abdominal mass may be the first finding to be considered in a physical examination in a newborn with UPJHN.

Since UPJHN is often associated with other congenital anomalies, including imperforated anus, contralateral multicystic kidney, congenital heart disease, VATER syndrome, and esophageal atresia, in a newborn with established prenatal diagnosis, a thorough examination of all systems should be performed (8). Occasionally, UPJHN can also be diagnosed during extended diagnostics of other congenital abnormalities. On the other hand, in all children with a diagnosis of urinary tract infection (UTI) within the early neonatal period, urinary tract obstruction, UPJHN should also be considered.


Urinary Tract Infection

Children with UPJHN and impaired urinary drainage are considered to be prone to severe UTIs (28, 29). Although UTI is an uncommon presentation in UPJHN cases with an incidence of 1.3–12%, it may be quite severe requiring urgent intervention and drainage (4, 30–35). Previous reports suggest that the risk of UTI increases with the degree of hydronephrosis, and patients with high-grade hydronephrosis have significantly higher UTI rates than those with mild hydronephrosis (13.8 vs. 4.1%) (36–39). Although the studies are not standardized in terms of the use of prophylactic antibiotics, the method of detecting infection or the selection of patients for VCUG, it has been clearly demonstrated that patients with mild or moderate hydronephrosis are at much lower risk of significant UTI than patients with severe hydronephrosis.

When a child with UPJHN applies with a febrile UTI, the possibility of associated VUR is an important issue to consider. Based on the fact that some studies show one-third of cases having a VUR (8, 40, 41); VCUG is often favored by European guidelines for all children with UPJO (42, 43). Before deciding to apply VCUG, an invasive procedure with radiation exposure in UPJHN patients, it should be taken into account that in many cases that are often asymptomatic, VUR may improve over time and the concept of benefit-harm to the patient (44–46).

Madden et al. (47) performed VCUG in more than 80% of their patients with UPJHN and in no case detected VUR. In the same study, it was reported that patients who did not undergo VCUG remained asymptomatic and no imaging was required except for follow-up ultrasounds (47). Given the low rate of UTI reported, it may be considered that antibiotic prophylaxis has a limited role in the management of such patients (13, 47–49), and VCUG screening is considered to be optional (50). However, more aggressive evaluation and intervention, including antibiotic prophylaxis and VCUG are often indicated in those with worsening or high-grade hydronephrosis (47, 51–53). It should be noted that the presence of ureter dilatation is also important to suspect VUR even in severe hydronephrosis cases.

Another issue that can be considered for the prevention UTI in boys with UPJHN may be circumcision. Ellison et al. (54) reported that the risk of UTI in boys with UPJHN decreased significantly when circumcised. Although there may be no direct relationship since the stasis is in renal pelvis away from the external urethral meatus, in clinical practice, circumcision may be recommended for infant boys who have UTI history.




CHILDREN WITHOUT PRENATAL DIAGNOSIS

Unlike asymptomatic presentation early in life, older children with UPJHN are often diagnosed due to their specific or non-specific symptoms. A carefully gathered clinical history played a very important role in the diagnosis of patients with UPJHN. These symptoms are usually febrile UTIs, a palpable mass, or unexplained abdominal or flank pain. In addition, UPJHN can be detected during evaluation of stone disease and sudden onset hypertension (8). Another small group ordered for a completely unrelated issue during imaging is diagnosed by chance.


Pain

In children with UPJHN/UPJO, pain is primarily the result of dilation, stretching and spasm of the urinary tract, when the urine flow exceeds the capacity to drain properly. The causes of pain are generally muscle spasm, increased proximal peristalsis, local inflammation, irritation and edema at the site of obstruction. It develops through chemoreptor activation and stretching of the submucosal free nerve endings. The severity of pain depends on the individual's pain threshold and perception, and on the speed and degree of changes in hydrostatic pressure within the proximal ureter and renal pelvis. Chronic severe obstruction usually does not cause pain.

Although it is generally thought to have gastrointestinal symptoms, It should be noted that attacks of unexplained recurrent vomiting or abdominal discomfort may be associated with UPJ obstruction in infants (55). Sudden onset of severe abdominal pain, nausea, and vomiting, often in the late evening, is typical in older children with UPJO. This colicky-type pain usually begins in the upper lateral midback over the costovertebral angle and occasionally subcostally. It radiates inferiorly and anteriorly toward the groin. At their initial presentation, this symptomatology is far more common than febrile urinary tract infections or hematuria (8, 56). Pain along with increased diuresis should also raise the level of suspicion for an obstructive process. This usually occurs in children who receive a diuretic challenge during a furosemide renal scan.

It is important to recognize that patients with extrinsic anatomic abnormalities (e.g., lower pole crossing vessels) can present with colicky flank pain, which is sometimes associated with vomiting, and may present misleadingly unremarkable test results during their asymptomatic periods (56, 57). There is no history of hydronephrosis in the neonatal period In 75–100% of children with crossing vessels (57–59). The incidence of colickly pain in pure extrinsic UPJHN has been reported as 71.8–100%, increasing with age (57–59). The average age of patients with a crossing vessel is between 7 and 11 years and is statistically higher than in patients with pure intrinsic obstruction (58–61). An ultrasonography performed in the symptomatic period can prevent delay in diagnosis of extrinsic UPJHN due to crossing vessel.



Urinary Stone Disease

Hydronephrosis is considered as a risk factor for stone formation in children. Although the etiology of stone formation does not depend solely on the pelvicaliceal anatomy, impaired urinary drainage, decreased or abnormal peristalsis, increased urine transit times and larger pelvicaliceal volumes play a subtle role during the beginning of the nucleation process in UPJHN patients with nephro/urolithiasis (62) (Figure 1).


[image: Figure 1]
FIGURE 1. UPJHN in 3 months-old boy with prenatally detected left hydronephrosis (A) Severe hydronephrosis with 2.4 mm paranchymal thickness and 22 mm in AP diameter of pelvis renalis (B) Left obstructive hydronephrosis with 44% of differential function on MAG 3 scintigraphy (C) Mobile hyperechogenic particules in renal pelvis and calyces, hyperechogenicity in the lower calyces which are suggested urinary stone formation (D) Mild hydronephrosis with 8 mm paranchymal thickness and 16 mm in AP diameter of pelvis renalis in 9 years after left pyeloplasty.




Hypertension

Published pediatric reports of hypertension obviously caused by hydronephrosis are few, and the numbers of patients included in these reports are very low (63–68). On clinical basis, the number of cases diagnosed with UPJHN/UPJO by referring to the results or symptoms of high blood pressure in the child age group is very few. While the development of clinically significant hypertension or proteinuria is very rare in patients with unilateral hydronephrosis, the same is not the case for bilateral disease (8, 63). Depending on the onset, level, and degree of obstruction as well as the presence of renal parenchymal damage or dysplasia, hypertension may develop during the follow-up.

It has been demonstrated that the function of the hydronephrotic kidney is rather well-preserved in young children, therefore it appears that the intrarenal mechanism leading to hypertension is also reversible (6, 11). The clinical importance of such finding is that surgical management may prevent the development of chronic hypertension and associated comorbidities in patients with severe hydronephrosis (68–70). The pediatric urologist and nephrologist may have to pay more attention to the risk of development of high blood pressure in patients with severe hydronephrosis (Figure 2).
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FIGURE 2. Bilateral UPJHN in 12 years-old boy with prenatally detected bilateral hydronephrosis with no follow-up who presented with severe hypertension and high serum creatinine (1.6 mg/dl) (A,B) pre-operative US images showing right and left severe hydronephrosis (C) Severe renal paranchymal loss on left kidney with 13% of differential function on DMSA scintigraphy (D) bilateral obstructive UPJ type hydronephrosis shown by MR urography (E,F) post-operative (bilaterally pyeloplasty) US image showing a resolution of left and right hydronephrosis, which was followed by resolution serum creatinine (0.67 mg/dl) and hypertension.





CONCLUSION

Current management approach for most children with UPJHN is often considered conservative follow-up because hydronephrosis associated with UPJ anomalies can safely improve over the time. However, it is clear that delayed decision making in the case of obstructive hydronephrosis, which requires surgical intervention, leads to impaired kidney function and long-term morbidity.

It should always be kept in mind that clinical and symptomatological findings, as well as radiological tests, should be carefully evaluated so that the conservative follow-up strategy does not put a single patient at risk for possibly irreversible kidney damage.

Although conservative management algorithms and surgical indications are still an ongoing problem and there is no consensus among different disciplines, it is very important to maintain a long follow-up in both conservatively managed and surgical cases, taking into account negative prognostic factors.
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Purpose: To determine the feasibility and effectiveness of redo laparoscopic pyeloplasty among patients with failed previous pyeloplasty, specifically examining rates of success and complications.

Materials and Methods: We retrospectively reviewed the charts of all patients, who underwent redo laparoscopic pyeloplasty from 2006 to 2017. This included patients who underwent primary pyeloplasty at our institution and those referred for failures. Analysis included demographics, operative time, complications, length of hospital stay, complications, and success. Success was defined as improvement of symptoms and hydronephrosis and/or improvement in drainage demonstrated by diuretic renogram, especially in those with persistent hydronephrosis. Descriptive statistics are presented.

Results: We identified 22 patients who underwent redo laparoscopic pyeloplasty. All had Anderson-Hynes technique except two cases in which ureterocalicostomy was performed. Median (IQR) follow-up was 29 (2–120) months, median time between primary pyeloplasty and redo laparoscopic pyeloplasty was 12 (7–49) months. The median operative time was 200 (50–250) min, and median length of hospital stay was 3 (2–10) days. The procedure was feasible in all cases without conversion. During follow-up, all but two patients demonstrated an improvement in the symptoms and the degree of hydronephrosis. Ninety-one percent of patients experienced success and no major complications were noted.

Conclusions: Redo laparoscopic pyeloplasty is feasible and effective with a high success rate and low complication rate.

Keywords: redo laparoscopic pyeloplasty, uretero-pelvic junction obstruction, open pyeloplasty, minimally invasive surgical procedures, children


INTRODUCTION

Secondary uretero-pelvic junction obstruction (UPJO) may occur following pyeloplasty in up to 11% of patients who may require redo surgical intervention (1). Redo surgical intervention (open, laparoscopic, or robotic) has been shown to be more effective than endourological procedures (JJ stent insertion, balloon dilatation, and endopyelotomy) (2, 3). Laparoscopic and robotic redo pyeloplasty are alternatives to redo open pyeloplasty (ROP), which have been reported with good success (2, 4, 5).

Redo laparoscopic pyeloplasty (RLP) offers a minimally invasive approach with the benefits of a shorter period of convalescence and decreased morbidity compared to open surgery; however, it requires advanced laparoscopic skills (6). Herein, we report our outcomes with redo laparoscopic pyeloplasty to determine the feasibility and effectiveness of this procedure in a relatively large case series. And our hypothesis was: do infants and children with persistent UPJO undergoing redo laparoscopic pyeloplasty have the same overall success rate in comparison to the ones reported in open redo pyeloplasty series?



MATERIALS AND METHODS


Patient Selection and Study Design

After obtaining ethical board approval for conduct of the study, we retrospectively reviewed the charts of all patients who underwent laparoscopic pyeloplasty for secondary UPJO at a single institution, University Hospital of Robert-Debré, Paris, France, from December 2006 to October 2017. Inclusion criteria were all patients with persistent UPJO undergoing redo transperitoneal laparoscopic pyeloplasty at our institution regardless of if their primary pyeloplasty was performed at our institution or elsewhere. Exclusion criteria were: primary UPJO repair or any redo pyeloplasty performed by an open, retroperitoneal laparoscopic or robot-assisted approach.



Variables and Outcome Measures

Variables collected from the reviewed charts included: patient sex, age at primary surgery and redo surgery; type of previous interventions and number of attempts to repair the UPJO; confirmation of persistent UPJO following initial surgery, both clinically and radiologically (renal ultrasound, dynamic renal scintigraphy (MAG-3) and/or magnetic resonance urography (MRU); indication for redo pyeloplasty; use of stents and drains; length of hospitalization; postoperative complications; need for readmission and subsequent procedures; and success rate.

Indications for redo laparoscopic pyeloplasty were persistent severe hydronephrosis (defined as (1) AP diameter > 30 mm or (2) AP diameter > 15 mm and flank pain or (3) AP diameter > 15 mm and other US criteria (calyceal dilation, thin parenchyma)] associated with at least one of the following: repeated febrile urinary tract infection (UTI) documented by positive urine culture, flank pain, and persistence obstruction on retro or ante grade imaging (retrograde pyelography, renal scintigraphy, MRU). Surgical complications were classified according to the Clavien-Dindo classification (7). Febrile UTIs included both a fever and a urine cultures with >100,000 colony forming units.

Follow-up evaluation was performed using renal ultrasound and dynamic renal scintigraphy. Success defined as improvement of symptoms (neither UTI, nor flank pain) and decrease of hydronephrosis, determined by the measurement of post-operative anteroposterior diameter (APD, in millimeters) and/or the absence of calyceal dilation. In patients with persistent hydronephrosis, an absence of obstruction on the drainage curve on functional imaging (defined as a t1/2 <20 min on nuclear scan) was used to define success. A single dedicated radiologist was not available to perform all follow-up imaging.



Surgical Details

The surgery was performed by staff pediatric urologists. A trans-peritoneal approach was used for all patients undergoing redo laparoscopic pyeloplasty. The patient was positioned in the supine position with an inflatable device under the flank of the operated side. The surgeon stood on the opposite side of the obstructed kidney (Figure 1), and all ports were inserted with the child in the supine position. Four ports were used for all patients (Figure 2), namely a 5-mm umbilical port by open access for the camera; and insufflation was maintained at 10 mm Hg. Then two 3-mm working ports were inserted under direct vision, one midway between the xiphoid process and umbilicus and the other midway between the symphysis pubis and the umbilicus, and the fourth accessory trocar, 3-mm, in the ipsilateral iliac fossa. The fourth was used to help to reduce the operative time for suction and exposition. There was some modification in the placing of trocars between young and older children (Figures 2A,B). A 45° lateral position was obtained by inflating the device. The colon was mobilized to expose the renal pelvis after removing all the adhesions until the UPJ was identified. The reason for the failure of previous surgery was identified. All patients underwent Anderson-Hynes dismembered pyeloplasty except two cases in which ureterocalicostomy was performed because the renal pelvis was intrarenal and difficult to identify due to severe fibrosis from the prior surgery, one of them had already failed redo robotic pyeloplasty elsewhere. Continuous suture was used for the anastomosis in all patients except one in whom interrupted suturing was required due to a thick-walled renal pelvis and signs of inflammation. We used a 5-0 Polyglactin suture for all patients. A JJ stent was placed in an antegrade fashion in all cases except one who had trouble in passing the JJ stent through the ureterovesical junction, so an externalized stent was placed instead (Multipurpose stent, BARD®, Salt Lake City, UT). A Foley catheter was placed and left until day 1 postoperatively.


[image: Figure 1]
FIGURE 1. Position of the surgeon and all assistants.



[image: Figure 2]
FIGURE 2. (A) Placement of the four trocars in older children: all in the midline; (B) Placement of the four trocars in young children.


All patients were followed-up clinically for pain or UTI, and radiologically by renal ultrasound (four times the 1st year, then twice the next year and finally once a year for 5 years). An isotopic renal scan or MRU was obtained in the setting of persistent severe hydronephrosis. The choice to use either an isotopic renal scan or a MRU was done on the functional imaging studies used for the preoperative evaluation.

Descriptive statistics were performed with SPSSV20 software (IBM SPSS Statistics, IBM Corp, Armonk, NY).




RESULTS

Twenty-two patients (four girls and 18 boys) underwent laparoscopic pyeloplasty for persistent UPJO during the study period. Thirteen patients (59.1%) were referred from an outside hospital after failed pyeloplasty. Median age at initial surgery was 8 months (IQR: 3–48). Surgery was performed on the right side in 10 patients and the left in 12 patients. Pre-operative micturating cysto-urethrogram (MCUG) was ordered in case of UTI after the first pyeloplasty (N = 4) and was normal in these selected patients except one patient with contralateral grade I vesicoureteral reflux that was observed. Previous surgical details are listed in Table 1.


Table 1. Previous surgical details (N = 22).

[image: Table 1]

Median age at redo pyeloplasty was 22 months (IQR: 11–84 months), median weight at surgery was 10 kg (8–15 kg), and median time between primary and redo repair was 12 months (7–49 months). Patient details at time of redo laparoscopic pyeloplasty are shown in Table 2. Cause of failure of the primary repair was identified during laparoscopy as follows: adhesions around the UPJ area causing the obstruction (10 patients, 45.4%), stenotic UPJ area (seven patients, 31.8%), high anastomosis (anastomosis was not in the dependent area) (two patients, 9.1%), crossing vessels (one patient, post primary open repair, 4.5%), long segment stricture (one patient, 4.5%), and one patient had a twist of the anastomosis (4.5%) (Table 3). Preoperative and postoperative imaging features are reported in Table 4.


Table 2. Demographic and clinical data (N = 22).

[image: Table 2]


Table 3. Side, intraoperative finding, procedure, and outcome (N = 22).
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Table 4. Preoperative and postoperative imaging features (N=22).
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A JJ stent was used for all patients for a median duration of 2.5 months (IQR: 2–3 months). There was a single exception to this in the case of a patient in whom there was difficulty passing the JJ stent beyond the uretero-vesical junction, so an externalized ureteral catheter was used for 10 days.

Median operative time was calculated from the start of insufflation until exsufflation and was 200 min (IQR: 180–225 minutes). Median length of hospital stay was 3 days (IQR: 3–4.25 days). Two patients had a prolonged hospital stay: the first one kept admitted 10 days to await resolution of a urine leak from the anastomosis site. The other was readmitted on day 11 after surgery for pyelonephritis Intravenous antibiotics were injected at hospital for 6 days.

The procedure was feasible in all cases without conversion to open surgery. No major complications (Clavien ≥ III) were recorded.

Median follow-up duration was 29 months (IQR: 15–62 months). All patients were asymptomatic except one patient who presented with post-operative pain and pyelonephritis 11 days after surgery. Nineteen patients demonstrated an improvement in hydronephrosis. Three showed severe hydronephrosis with an obstructed curve on nuclear study. One patient had a wide dependent draining anastomosis on retrograde pyelography without obstruction and therefore was not considered a failure. The other two patients had obstruction confirmed on retrograde pyelography (RPG). In these patients, the kidney was palpable and on ultrasound exhibited worsening of hydronephrosis with the average APD increased from 33 mm to 51 mm and decreased renal function by renography from 25 to 7%. One underwent endoscopic balloon dilatation after the RPG and the second underwent a redo laparoscopic pyeloplasty. Both are doing well after their repeat intervention.

Overall success of redo laparoscopic pyeloplasty was 90.9%.



DISCUSSION

The first attempt of laparoscopic pyeloplasty for primary ureteropelvic junction obstruction was described for adults at the end of twentieth century in 1993 followed by reports for children in 1995 (8–10). Only one of these cases had secondary ureteropelvic junction obstruction after failure of open pyeloplasty (8). Since that time, the role of laparoscopic and robotic assisted pyeloplasty has evolved to take a more primary role in the management of primary UPJO, regardless of age or trans peritoneal vs. retroperitoneal approach (11–15). However, the gold standard for redo cases has general been considered an open pyeloplasty and thus redo laparoscopic pyeloplasty in children has not been widely applied. With the advent of improving minimally invasive techniques and increasing familiarity with these approaches, many have advocated using minimally invasive techniques in the redo setting. In a prospective, case–control study of open vs. laparoscopic pyeloplasty, 30 patients with UPJO were compared. This showed comparable results with the laparoscopic approach being associated with a decrease in hospital stay and complication rates when compared to children in the open cohort (16, 17).

Management options in failed pyeloplasty include JJ stent placement, balloon dilatation endopyelotomy, and redo surgery (2, 3). Lower success rates have been reported endoscopic procedures as compared to redo pyeloplasty, which is not surprising (2, 3, 18). However, Dy et al. reported that at least one endoscopic procedure was performed prior to definitive redo-pyeloplasty in 11% of children with failed pyeloplasty (1).

Performing a redo-UPJO is a challenging surgery. Despite encouraging outcomes achieved with both laparoscopy and robotics, success rates are likely to be lower than those obtained in the primary setting (19).

Redo laparoscopic pyeloplasty has well-established merits, including reduced morbidity, reduced hospital stays, and reduced pain compared to open pyeloplasty (19). However, this challenging technique must be performed by experienced surgeons due to the extensive scarring and fibrosis noted from the previous procedure (4). Basiri et al. evaluated the feasibility and effectiveness of RLP and found that 100% of children showed improved renal function after undergoing secondary UPJO treated by RLP, lending credence to its value over immediately attempting an open repair (20).

In our previously reported experience, primary laparoscopic pyeloplasty has a 98% success rate, which is higher than the 90.9% reported in the current study of redo laparoscopic pyeloplasties (21). Our current findings are similar to those reported by Abdel-Karim et al. (22). Similarly, Moscardi et al. had a 90% success rate of 11 redo laparoscopic pyeloplasty, and they showed no difference in the outcome between primary laparoscopic pyeloplasty and redo laparoscopic pyeloplasty in terms of operative time, complications, and success rate (23).

Redo laparoscopic pyeloplasty has been reported in adults and children usually using the transperitoneal approach but occasionally through a retroperitoneal approach (4, 24). Although the retroperitoneal approach is still our preference for primary cases, we have chosen the transperitoneal approach for secondary cases (21). This choice has been made to avoid dissecting through secondary adhesions in the retroperitoneal space, and to limit the dissection to the UPJ and proximal ureter. Interestingly, most of the cases that we report in the current study were performed in an open fashion for the primary surgery, and not all initially underwent a retroperitoneal approach for their initial surgery. It raises the question of whether a better option would be a retroperitoneal laparoscopic approach for a redo pyeloplasty if the patient originally underwent a transperitoneal approach.

Factors, such as young age at initial surgery (<6 months), missed anatomic findings at the first intervention (long ureteral segment narrowing or crossing vessels) and dry anastomosis (prolonged urinary diversion) have been associated with pyeloplasty failure (13, 25). The degree of adhesion and fibrosis is highly variable, which may be secondary to healing factors of the patients as well as the technical difficulty in the primary surgery, such as an incomplete or unfavorable position of the anastomosis between the renal pelvis and ureter or urinoma (26). Additionally, peri pelvic fibrosis, excessive scarring, and thermal energy, which can cause more tissue reactions and fibrosis can be associated with failures (27). These reasons support the findings we report in our cohort.

The long median time between primary and redo surgeries in our series is explained by the large (13 out of 22) number of patients referred to us from outside, which is the same observation noticed by Moscardi et al. (23). It would have been pertinent to examine factors associated with primary pyeloplasty failure, given the fact that over half of the patients were referrals, we did not feel that we could justify such an analysis using our data.

In our experience, two factors have been identified for the success of this procedure. First, the use of MRU as an anatomical and functional imaging studies during the preoperative management is a useful tool to assess the anatomy of the kidney and the renal pelvis, to measure the thickness of the parenchyma and to evaluate the split renal function. The first study from Perez-Brayfield et al. in 2003 concluded that dynamic contrast enhanced MRI provided equivalent information about renal function but superior information regarding morphology in a single study without ionizing radiation (28). A multi-institutional study in 2014 including 369 patients reported an equivalence of MRU to renal scintigraphy making substitution of MRU for RS acceptable (29). In our study, 19 (86.4%) patients were evaluated with a MRU. We strongly believe this imaging is better than a renal scintigraphy as it provides a better evaluation of the pelvis anatomy. Median split renal function of the operated kidney was 32 and 33% preoperatively and postoperatively, respectively (p > 0.05). However, functional studies were not unfortunately performed routinely after the redo surgery either in cases of preoperative evaluation showed asymmetrical function or remaining hydronephrosis. Secondly, the experience of our team in using minimally invasive surgery in our daily practice helps the laparoscopic approach to provide easily a global exposure of the pelvis and the ureter without the need to extensively dissect or mobilize the kidney (12, 21, 30–34). In selected cases with an extensive fibrosis of multi-operated renal pelvis, an alternative approach by ureterocalicostomy was deemed most appropriate.

There are multiple limitations worth discussing in the present study. First and foremost is the retrospective nature and small number of included patients. Furthermore, the fact that over half of the patients were referred to our institution makes it challenging to comment at all on how the initial surgical approach could have impacted the redo procedure that we report upon herein. The minority of patients underwent a laparoscopic pyeloplasty for their primary repair. However, as the primary goal of the study was to examine the feasibility and effectiveness of performing laparoscopic pyeloplasty in the redo setting, particularly in the setting of such a high proportion of prior open repairs, we feel that the limitations are acceptable so long as the reader is aware of them.



CONCLUSION

Redo laparoscopic pyeloplasty is both a feasible and effective procedure for the management of failed primary pyeloplasty, regardless of whether the initial surgery was performed open or laparoscopic. Given the benefits of shorter hospitalization and reduced pain following any minimally invasive procedure, it should be strongly considered as an option for any pediatric patient presenting with a recurrent UPJ obstruction.
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Objective: To present our primary experience of robotic-assisted laparoscopic pyeloplasty (RALP) for severe ureteropelvis junction obstruction (UPJO) infants under 3 months.

Methods: We performed a retrospective study of 9 infants under 3 months who underwent RALP for severe UPJO between April 2017 and March 2019 in our center. The severe UPJO was defined as infants with severe hydronephrosis (Society of Fetal Urology grades III or IV, anteroposterior diameter >3 cm or split renal function <40% or T 1/2 >20 min) involving bilateral, solitary kidney, or contralateral renal hypoplasia UPJO at the same time. All clinical, perioperative, and postoperative information was collected.

Results: There were four bilateral UPJO cases, two solitary kidney UPJO cases and three unilateral UPJO with contralateral renal hypoplasia cases included. One single surgeon performed RALP on all of the infants. The mean age of the infants was 1.62 ± 0.54 months. The mean operative time was 109.55 ± 10.47 min. The mean estimated blood loss was 19.29 ± 3.19 ml, and the mean length of hospital stay was 5.57 ± 0.73 days. According to the ultrasonography results, all patients had a significant recovery of renal function at 12 months after the operation.

Conclusions: To maximize the protection of renal function, early RALP is a safe and feasible option for the treatment of severe UPJO in infants under 3 months.

Keywords: robotic-assisted laparoscopic pyeloplasty, infant, hydronephrosis, ureteropelvic junction obstruction, RALP


INTRODUCTION

Ureteropelvic junction obstruction (UPJO) is one of the major causes of infant hydronephrosis (1). The management of UPJO has evolved from open pyeloplasty (OP), laparoscopic pyeloplasty (LP), and robotic-assisted laparoscopic pyeloplasty (RALP) (2, 3). Well-established evidence has demonstrated that LP or RALP not only has success rates equal to those of OP but also has the advantages of minimal invasiveness, better cosmesis, less post-operative pain, decreased length of hospital stay, and early recovery1 (4, 5). In general, the management of hydronephrosis included conservative observation and surgical invention. The clinical decision making usually depends on the rate of hydronephrosis severity. There is still no consensus on the optimal intervention time to perform the surgery, however; whether through conservative or surgical treatment, the ultimate goal is to maximally protect renal function.

Severe UPJO generally refers to bilateral UPJO, a solitary kidney with UPJO, or UPJO with contralateral renal dysplasia. In these complex situations, the selection of conservative observation, conservative nephrostomy, or early minimal invasive pyeloplasty is a problem, especially for very young children under 3 months of age. It is widely acknowledged that pyeloplasty for an infant under 1 year of age or under 10 kg of weight is a challenging procedure that requires more elaborate techniques to decrease the number of complications and lessen operating time to reduce the negative effect of anesthesia (6, 7). In this retrospective study, we summarize our initial experience with conducting RALP on nine severe UPJO infants under 3 months of age.



METHODS AND MATERIALS


Patients

Nine infants 0.8–2.6 months old (mean age 1.62 months) presented with severe UPJO confirmed by ultrasonography screening and were referred to our center from April 2017 to March 2019. The inclusion criteria of this study included age <3 months, severe hydronephrosis defined as grade III and IV dilation as defined by the Society for Fetal Urology (SFU), anteroposterior diameter (APD) more than 3 cm, impaired split renal function <40%, along with one of the following three conditions: bilateral UPJO, solitary kidney UPJO, or unilateral severe UPJO with contralateral renal dysplasia. Exclusion criteria were UPJO with megaureters, vesicoureteral reflux, posterior urethral valve, or the existence of other structural anomalies. The diagnosis was based on ultrasonography, magnetic resonance urography (MRU) (Figure 1), voiding cystourethrography (VCUG), radionuclide, and 99mTc-mercaptoacetyltriglycine (MAG3) diuretic renography results. Perioperative demographic information was also recorded. All patients underwent robotic-assisted laparoscopic pyeloplasty (RALP) with one single surgeon. The Clavien-Dindo classification system was used to evaluate the postoperative complications. This study was undertaken with the approval of the Seventh Medical Center of PLA General Hospital Institutional Ethics Committee. All patients' parents have signed the written consent forms.


[image: Figure 1]
FIGURE 1. MRI result of a (A) Unilateral UPJO with contralateral renal dysplasia; (B) bilateral severe UPJO.




Surgical Technique

After routine preoperative preparation and anesthesia, pnuemoperitoneum was established and maintained at 6–8 mmHg pressure. All ports were placed under direct vision included one 8.5 mm camera trocar, one 8-mm trocar and one 5-mm trocar. One or two additional assistant 3-mm trocars were placed at the lateral 3 cm of the midpoint of the Pfannenstiel line, to improve the efficient of the suture (Figure 2). For left side cases, the transmesenteric approach was adopted while the dilated renal pelvis was located at the inside of the descending colon. For right side cases, we selected the paracolic sulci approach. Then we carefully dissected the proximal ureter and renal pelvis while preserving the ureteral blood supply. The pelvis was cut above the obstruction tissue and trimmed by a percutaneous hitch stich to stabilize it and facilitated the anastomosis. After spatulated the distal ureter after excision of the obstruction segment, we sutured the lowest point of the aperistaltic ureteral segment and the pelvis end with a running 6-0 PDS-II. Then the posterior wall of the ureter was closed through continuous suture. Before the anterior anastomoses were started with a second running 6-0 PDS II suture, a double-J ureteral stent (COOK, USI-512, Ireland) was placed antegrade. At last, we closed the mesenterium or peritoneum with a 5-0 absorbing suture. For the bilateral pyeloplasty infants, we performed one sided RALP and nephrostomy for the other side. After 1 week interval, we performed RALP for the contralateral UPJO in the same way.


[image: Figure 2]
FIGURE 2. Trocar position appearance.




Postoperative Management

The infants restarted general oral feeding after they had recovered from anesthesia. The double-J stent was removed under general anesthesia 6–8 weeks after the operation by cystoscopy. Ultrasonography, radionuclide, and diuretic renography examinations were repeated the 6th and 12th months after surgery.



Statistical Analysis

Continuous data were presented as the mean ± STD and range. Functional outcomes were compared using the Student t-test or chi-square test. All statistical analyses were performed in the R software environment (version 3.6.3; http://r-project.org/), and p < 0.05 was considered significant in all statistical analyses.




RESULTS

The baseline clinical data of the nine infants were shown in Table 1. All operations were performed successfully without conversion to open surgery. No serious intraoperative complication happened. The perioperative findings were summarized in Table 2. Two patients with postoperative infection (Clavien-Dindo Grade II Complications) were managed conservatively by intravenous antibiotics. No patient suffered Clavien III or IV complications. The mean time for Foley catheter removal was 1.86 ± 0.64 days.


Table 1. Patient characteristics.

[image: Table 1]


Table 2. Perioperative outcomes.

[image: Table 2]

According to the follow-up data listed in Table 3, the renal pelvis APD decreased to 0.97 ± 0.16 cm in the 6th month after surgery, which was significantly smaller than perioperative APD (p < 0.01). Radionuclide renography results showed that the split renal function had a great improvement in 6 months and slightly increased in 12 months. Diuretic renography revealed that 8 out of 9 patients have a T 1/2 time <10 min in the 6th month after surgery. In the 12th month examination, all of the 9 patients' T 1/2 times were <10 min.


Table 3. Preoperative and follow-up characteristics.
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DISCUSSION

Open dismembered pyeloplasty has been the gold standard treatment for UPJO for decades with overall success rates of more than 90% (8). Since first reported in 1993, laparoscopic pyeloplasty has been demonstrated as a safe and effective treatment for UPJO (9). Two years later, pediatric laparoscopic pyeloplasty was introduced by Peters et al. (10). While limited by the small space for instrument movement and trocar placement, the use of laparoscopic and robotic-assisted laparoscopic is well-described (11, 12). Recently, more and more literature has proved that laparoscopic pyeloplasty or robotic-assisted laparoscopic pyeloplasty has not only the same success rate as open pyeloplasty, but also shorter hospitalization stay, faster recovery time, and better cosmetic appearance (13–16).

Meanwhile, the management of hydronephrosis in children has greatly changed during the last 20 years. In the 1990s, Ransley et al. (17) reported that early pyeloplasty may not be of greater benefit than observed or delayed surgery. After radiological imaging studies had become available for clinical evaluation, the value of split renal function and T1/2 was greatly improved for deciding the optimal time for surgical treatment (18). According to the results of a study conducted by Onen et al., (19) they only recommended surgical intervention for renal deterioration (decreased split renal function or progressive hydronephrosis). However, Tabari et al. (20) revealed that early pyeloplasty could benefit infants <1 year old suffering from severe but asymptomatic hydronephrosis better than conservative management through a prospective interventional study. In their study, they compared the functional outcomes of open pyeloplasty on a group of infants and conservative management of infants. They found that the group of infants who had early surgery have lower SFU grade and larger cortical thickness than the conservative group. According to the EAU Guidelines 2020, increased APD, SFU grade III or IV, split renal function <40%, or decrease >10% in follow-up and poor drainage function could be indications for asymptomatic UPJO.

For infants under 1 year old or even under 3 months, there are numerous challenges for surgical intervention so that whether to perform surgery is controversial. In 2006, Kutikov et al. (21) reported that transperitoneal laparoscopic pyeloplasty for UPJO in eight infants under 6 months old is technically possible. Zamfir Snykers et al. (22) also draw a similar conclusion in their research. Simforoosh et al. (14) compared the surgical outcomes of standard and minilaparoscopic pyeloplasty in children younger than 1 year of age. They believed that both of these approaches had the same effect while the minilaparoscopic technique could be more cosmetically pleasing and less invasive (14). In a retrospectively study, Turner et al. (23) assessed the effect of laparoscopic pyeloplasty performed in 29 infants 2–11 months old. Their experience revealed a success rate with minimal morbidity (23). In a multi-institutional trial, Daniel et al. (16) collected perioperative data of 60 patients underwent RALP by six surgeons and described an excellence success rate and a low complication rate in this cohort. Shukla et al. (24) summarized their experience about RALP and compared outcomes between infants aged <1 year and older children. They found that there were no significant differences in length of hospital stay and complications or failure rates in infants compared to older children, and they called for the adaptation of RALP for the entire pediatric patient population. Andolfi et al. (6) conducted a systematic review to compare whether RALP is superior to conventional LP. They selected 19 original articles and 5 meta-analyses and concluded that RALP could decrease operative times, shorten the length of hospital stay, and reduce the complication rates while having the same success rates comparable to LP.

Conventional laparoscopy has a significant learning curve and is technically challenging for many surgeons compared to robot-assisted laparoscopy. Undoubtedly, the robotic-assisted technique can facilitate a shorter learning curve and act as a bridge between the open and endoscopic approaches. In these years, pediatric RALP has become a viable minimally invasive surgical option for UPJO children with some reports on its efficacy, safety, and cosmetic effect (15, 25, 26). Our team has also presented our experiences of transumbilical multi-stab laparoscopic pyeloplasty for infants younger than 3 months. On this basis, we performed RALP for these severe hydronephrosis patients under 3 months in this cohort.

This study included nine infants (thirteen sides) ranging from 0.8 to 2.6 months old who underwent transperitoneal RALP. All of the patients were diagnosed prenatally and had regular examinations after birth. As the hydronephrosis lasted and became even worse, we decided to intervene early with these patients because of our previous experience with the children who had undergone RALP. For the infants who were sensitive to the CO2 pressure, we usually selected 6–8 mmHg to establish the existence of pneumoperitoneum. To expand the operating space as much as possible, we lifted and fixed robotic arm numbers 1 and 2. We have also explored several port positions for infants and finally selected the strategy described in this article as it could provide the most operating space and the least skin wounds. To reduce the incidence of anastomosis obstruction and improve success rates, several techniques were applied in RALP, including the way to identify the axis of renal calyx as the kidney axis and started the anastomosis at the lowest point of the renal pelvis and ureter, which was also described in our previously published literature (27). For the bilateral UPJO cases, we performed two RALPs at one-week intervals, but not side by side, as bilateral RALP had longer operating time and higher stent blockage risk. During the hospitalizations, no anesthesia complications were observed. Our clinical experience indicated that these techniques are important to facilitate RALP and improve success rates and decrease postoperative complications (27). According to follow-up data from the 6th and 12th months after operation, the primary outcomes were positive. T1/2 results showed no obstruction of the ureter after 12 months. The cosmetic appearance was also satisfactory although in our study the quantitative evaluation was not. Compared with our previous published study about our early experience of using LP for infants younger than 3 months (28), RALP (including docking time) has a longer operation time (109.55 vs. 75 min), same length of stay (5.57 vs. 6 d) and the same success rate. LP has a litter advantage on the cosmetic effect, but the learning curve of RALP is significantly decreased.

The limitations of this study include its retrospective nature, lack of randomization and design with no control group, small patient sample size, use of a single center, the lack of more than one surgeon with experience with RALP, and the focus only on primary outcomes within 1 year. These factors limit us from drawing more conclusions on the management of severe hydronephrosis. Despite the existence of these limitations, we believe that our study provides new insight into the application of the robotic technique in infant surgery. It confirms that RALP has the advantage of being minimally invasive and could be used to protect the renal function of severe UPJO patients under 3 months as early as possible.



CONCLUSION

Early RALP is a safe and feasible option for the treatment of severe UPJO infants under 3 months. However, further controlled prospective study is still necessary to determine the ultimate role of RALP in the management of young infants with UPJO.
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Objective: To collect baseline information on the ultrasonographic reporting preferences.

Method: A 13-multiple choice questionnaire was designed and distributed worldwide among pediatric urologists, pediatric surgeons, and urologists. The statistical analysis of the survey data consisted of 3 steps: a univariate analysis, a bivariate and a multivariate analysis.

Results: Three hundred eighty participants responded from all the continents. The bivariate analysis showed the significant differences in the geographical area, the years of experience and the volume of cases. Most of the physicians prefer the SFU and APD systems because of familiarity and simplicity (37 and 34%, respectively). Respondents noted that their imaging providers most often report findings utilizing the mild-moderate-severe system or the APD measurements (28 and 39%, respectively) except for North America (SFU in 50%). Multivariate analysis did not provide significant differences.

Conclusion: Our study evaluates the opinions regarding the various pediatric hydronephrosis classification systems from a large number of specialists and demonstrates that there is no single preferred grading system. The greatest reported shortcoming of all the systems was the lack of universal utilization. The observations taken from this study may serve as basis for the construction of a common worldwide system. As APD and SFU are the preferred systems and the UTD a newer combination of both, it is possible that with time, UTD may become the universal language for reporting hydronephrosis. This time, based on the result of this survey, seems not arrived yet.

Keywords: hydronephrosis, classification, survey, pediatric urology, ultrasound, pediatric radiology


INTRODUCTION

Ultrasound reports serve as an instrument to communicate anatomic findings to health care providers permitting the patient's physician to make therapeutic decisions and counsel families. In the specific case of hydronephrosis, the report can be generated from the maternal-fetal specialist in the prenatal period or the pediatric radiologist postnatally. To communicate the results of the ultrasound study reliably and accurately, several classifications have been developed. Initially the anterior-posterior diameter of the renal pelvis (APD) was developed. Subsequently, additional systems that included other anatomical details regarding the calyces, renal parenchyma, ureters, and/or bladder were developed. These classification systems included the Society of Fetal Urology (SFU), Onen, UTD (Urinary Tract Dilatation), and European Society of Pediatric Radiology system (ESPR).

To date, there is no clear consensus on which of these systems offer better categorization of the dilatations, the best inter/intra-rater reliability, or the best prognostic value at the time of its assessment in cases of suspected or diagnosed urinary tract obstruction or vesicoureteric reflux. Even among pediatric urologists and surgeons, the individuals who will utilize these reports to make therapeutic and surgical decisions, no apparent consensus exists on which system is preferable. To advance communication and subsequent research in this area, a clear consensus among pediatric urologists regarding the preferable system for categorization and reporting of hydronephrosis is needed.

We hypothesize that there is no single preferred hydronephrosis grading system among pediatric surgeons and urologists. The aim of this study was to collect baseline information on the ultrasonographic reporting preferences among pediatric urologists and surgeons evaluating hydronephrosis and correlate it with the reporting system utilized in their localities.



MATERIALS AND METHODS

A 13-multiple choice questionnaire was designed by the authors (Appendix 1 in Supplementary Material). It was comprised of 4 questions on surgical specialty and type of practice, 4 on classification preferences, 3 related to communication with report providers, and 2 on future perspectives (Appendix 1 in Supplementary Material).

Institutional Review Board of the Institution of the first author waived the review by them as considered not a requirement for the present research. The participation of the responders was voluntary and considered as consent. The responders were also able to decide whether to provide their names and email contact or remain anonymous.

From November 2018 to February 2019, the questionnaire was accessible online through GoogleForm(R) platform and publicized through mailing lists (peds-urology@lists.it.uab.edu, novo-uroped@googlegroups.com, European Society for Pediatric Urology roster members database) and social media groups (Sociedad Iberoamericana de Urologia Pediatrica, Argentinian, Chilean, and Brazilian Society for Pediatric Urology). The Society for Fetal Urology advertised it through their members. Colleagues in China had an alternative link to the same survey through SurveyMonkey(R). Duplicate respondents were avoided as these survey platforms identify the respondent before allowing them to submit the survey. A secondary assessment of potential duplicated responses was performed manually by the authors reviewing case by case the answers.

The statistical analysis of the survey data consists of 3 steps: a univariate analysis by providing the frequencies and representing graphically each variable alone; a bivariate analysis by measuring dependence of each variable from a first group with each variable from a second group, this is done using a G-test which is more general than a chi-square test; and a multivariate analysis using Multiple Correspondence Analysis (MCA) to form groups of the surveyed people depending on their answers to all the questions. All the statistical analyses are performed using the R statistical software version 3.5.0.



RESULTS

Three hundred and eighty physicians participated to the questionnaire. The univariate analysis results are depicted in the Figures 1, 2.


[image: Figure 1]
FIGURE 1. Demographic details of the 380 participants to the study.
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FIGURE 2. Graphic representation of the differences between Grading systems provided and Grading systems preferred.


Globally, the two most preferred systems were the SFU system and the renal Pelvic AP diameter with 37 and 34%, respectively (140/380 and 129/380). The more recently developed UTD system ranked third in terms of overall preference with 18% choosing it as their preference. A minority of participants (8%) choose the mild-moderate-severe system and only 1% chose the Onen or the ESPR system (Figure 2, right).

The classification systems most utilized by providers was based on an open question (question 11) that permitted the participant to choose more than one classification system. Globally there were 601 responses to this question, averaging nearly 2 study systems per respondent. This resulted in an increase of the popularity of the mild-moderate-severe (28%) and a net reduction on SFU and UTD (25 and 7). The Pelvic AP diameter was slightly increased (39%) while the Onen and ESPR remained uncommon (0.3 and 1%) (Figure 2, left).

The bivariate analysis (Table 1) showed significant differences in the type of responses. Three main variables affected these differences: The geographical area for favorite classification system, communication with providers, system used by providers and attempt to build a common system, the years of experience attempting to build a common system and willingness to change the preferred system, and the volume of cases per provider.


Table 1. P-values corresponding to a G-test of independence between the variables Q5, Q7, Q8, …Q13 and the demographic variables Q1, …, Q4.

[image: Table 1]

There were significant differences in preferred grading system related to the geographical area (Supplementary Table 1). Asia, Europe and Oceania prefer the Pelvic AP diameter (47, 45, and 57%) whereas Middle East/North Africa and North America prefer the SFU system (63 and 59%). South America did not show a marked difference among the Pelvic AP diameter and SFU (38 and 30%). Within geographic areas, there were major differences in communication with providers. The majority of the participants described direct communication to varying degrees (Supplementary Table 2). In Europe, North America and Oceania this is more common than in the rest of the world. The frequency of this contact is also different with the higher frequency in Europe and Oceana. The grading system used by providers also varied geographically (Supplementary Table 3). In all the regions except North America the most utilized system by the providers is the Pelvic AP diameter. In North America, the SFU system is the most frequently used. In most areas, there was an attempt to build a common system, but more common in Europe, South America, and Oceania (Figure 3 and Supplementary Table 4).


[image: Figure 3]
FIGURE 3. Difference of preferences based on geographical provenience (Top) and cases per week volume (Bottom).


Years of experience was associated with an increased attempt to build a common system (Supplementary Table 5). The willingness to change the preferred system (91%, range 88–98) revealed that those who most willing are the group with middle experience (10–15 years) (Supplementary Table 6).

The volume of cases also had an impact on the preferred grading system (Supplementary Table 7). SFU and UTD preference grew with increasing patient volume. In contrast, the low volume responders preferred the Pelvic AP diameter system (Figure 3). The system used by providers (Supplementary Table 8) was similar to the preferred grading system. Higher volumes correlated with preference for SFU and UTD and lower volumes with the mild-moderate-severe system.

The multivariate analysis revealed no statistically significant correlations between all the variables studied (two-dimensional correspondence analysis plot of the questionnaire data using the package ade4 in R with data points labeled by continents is available in the complementary documents of this manuscript).

The participants were able to express their opinions regarding the utility of each system by grading it from “very useful” to “useless” (question 6). This was also an open question permitting multiple responses. Scores were given according to the number of responses in each category except for “not known” which was not scored. In order to assign a numeric value to this answer, each category had a weighted multiplying factor as shown in Table 2. The highest scores for utility were obtained by the Pelvic AP diameter and the SFU systems. The systems categorized as “not known” by most of the participants were the ESPR and the Onen (112 and 127, respectively).


Table 2. Opinion of the responders of each system.

[image: Table 2]

Participants were invited to express their opinion regarding the strengths of their preferred systems. Points of strength for mild-moderate-severe, Pelvic AP diameter, and SFU systems was “Familiarity” and “Simplicity.” In addition, “Good prognostic value” was a strength reported for the SFU and UTD systems. The most frequent shortcomings noted were principally that the system was “Not used universally.”



DISCUSSION

Prenatal and postnatal hydronephrosis is a very common condition affecting approximately 1% of pregnancies. In many countries/areas the role of pre and postnatal counseling and care for hydronephrosis is provided by Pediatric Urologist or by either Pediatric Surgeons or Adult Urologists dedicated to pediatric patients. The goal of a common and objective language in the description of the degree and characteristics of hydronephrosis along with prognostic clinical correlation has been attempted since the wide use of ultrasound as first line investigation in both the prenatal and postnatal period. Dhillon et al. published a detailed report correlating the degree of dilatation with the clinical outcome in terms of need for surgical intervention (5). Although many experienced physicians prefer to independently assess the radiological images rather than rely on reports, the images are not always available adding delays in management decision and timing of intervention.

Grading systems have evolved in complexity over time beginning with the simpler, classic “mild-moderate-severe” system (6) and the anterior-posterior diameter (7). In 1993 the Society for Fetal Urology proposed the SFU classification system for postnatal hydronephrosis (1), followed by the European Society for Pediatric Radiology which proposed its modified system by adding the anterior-posterior diameter (2). In 2007, Onen presented his individual experience with a modified system aimed to better stratify the ultrasound characteristics of the hydronephrotic kidney and its clinical significance (3). Finally, a consensus among several societies of Pediatric Urology, Nephrology and Radiology was accomplished in 2014 and resulted in the Urinary Tract Dilatation system (4). This system introduced additional characteristics of the urinary tract not considered in the previous systems including ureteric dilation and bladder abnormalities and can be considered an integration of the SFU and anterior-posterior diameter systems.

The evolution of classification systems has attempted to improve prognostic ability by combining additional sonographic findings. The use of multiple different classification systems makes communication and translation of research findings difficult. Over the last 30 years, multiple studies have been done evaluating the strengths and challenges of the various classification systems. Considering multiple specialities, Zanetta et al. (8) demonstrated lack of agreement within different specialities involved in the management of hydronephrosis both in grading system and management. Our study uniquely evaluates opinions regarding the various pediatric hydronephrosis classification systems from a large number of surgical specialists from throughout the world.

Our study supports our hypothesis that that there is no single preferred hydronephrosis grading system among pediatric surgeons and urologists. The geographical differences were subtle in some areas while particularly marked in others. This may reflect agreement between regional societies or presence of leadership opinions that influence preferences toward a particular system.

Our study is not without limitation. Although we had 380 respondents, it is not known how representative this group is of the global census of physicians that manage fetal and pediatric hydronephrosis. Currently there is no estimation of the number of physicians (pediatric urologists, pediatric surgeons) practicing worldwide. Based on the organization with the highest number of physicians dedicated to Pediatric Urology, the European Society for Pediatric Urology whose roster is of 790 members from different areas of the world (www.espu.org website) plus another 450 certified by SPU and SFU, it can be hypothesized that the number of respondents to the present survey represents a significant portion of the physicians managing cases of children with hydronephrosis. The utilization of multiple sources of engagement and repetition of the invitations was a strategy to enhance inclusion and representation as recommended by Ponto in the paper on surveys as a research tool (9).

The heterogeneity in “years of experience,” “subspeciality,” and “geographic area” are also limitations of the study. The lack of an overriding organization for physicians treating hydronephrosis necessitated broad solicitation of voluntary participation by physicians of differring backgrounds. Another limitation is that the opinions were expressed anonymously [although 284/380 (73%) participants voluntarily disclosed their identity] making it impossible to assess the validity of all responses.



CONCLUSION

The present survey demonstrates that there is no single preferred hydronephrosis grading system among pediatric surgeons and urologists. Despite a clear favorite, even with regional variations, most of the physicians charged with the management of pediatric hydronephrosis prefer the SFU and APD systems because of familiarity and simplicity with these systems (37 and 34%, respectively). Respondents noted that their imaging providers most often report findings utilizing the mild-moderate-severe system or the APD measurements (28 and 39%, respectively) except for North America where the SFU system is more seen (50%). The greatest reported shortcoming of all the systems was the lack of universal utilization. Nearly all respondents were optimistic that if a consensus regarding a classification system was determined, they would be able to have this new system implemented at their institution. The observations taken from this study may serve as basis for the construction of a common worldwide system among physicians managing hydronephrosis and imaging providers. As APD and SFU are the preferred systems and the UTD a newer combination of both, it is possible that with time, UTD may become the universal language for reporting hydronephrosis. The result of this survey, however, shows that this time has not come yet.
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Objective: To investigate the outcomes of minimally invasive approach to infants with ureteropelvic junction (UPJ) obstruction by comparing the two surgical modalities of robot-assisted laparoscopic pyeloplasty (RALP) and laparoscopic pyeloplasty (LP).

Methods: We conducted a retrospective review of all consecutive infants aged ≤12 months who underwent either LP or RALP in a single institution over the period of 2008–Jul 2020. We included primary pyeloplasty cases that were performed by or under the supervision of the same surgeon.

Results: Forty-six infants (LP = 22; RALP = 24) were included with medians of age and body weight at 6 months (2–12months) and 8.0 kg (5.4–10 kg), respectively. There was no difference between the two groups in the patients' demographics and pre-operative characteristics. All infants underwent LP or RALP successfully without conversion to open surgery. None had intraoperative complications. Operative time (OT) was 242 min (SD = 59) in LP, compared with 225 min (SD = 39) of RALP (p = 0.25). Linear regression analysis showed a significant trend of decrease in OT with increasing case experience of RALP(p = 0.005). No difference was noted in the post-operative analgesic requirement. RALP was associated with a shorter hospital length of stay than LP (3 vs. 3.8 days; p = 0.009). 4/22(18%) LP and 3/24(13%) RALP developed post-operative complications (p = 0.59), mostly minor and stent-related. The success rates were 20/22 (91%) in LP and 23/24 (96%) in RALP (p = 0.49).

Conclusions: Pyeloplasty by minimally invasive approach is safe and effective in the infant population. RALP may have superiority over LP in infants with its faster recovery and a more manageable learning curve to acquire the skills.

Keywords: ureteropelvic junction obstruction, infant, standard laparoscopy, pyeloplasty in infants, robot assisted laparoscopy


INTRODUCTION

Previous studies of meta-analysis have shown that both laparoscopic pyeloplasty (LP) and robot-assisted laparoscopic pyeloplasty (RALP) are viable options to treat ureteropelvic junction (UPJ) obstruction in children with the benefits of shorter hospital stay and decreased morbidity while maintaining a success rate comparable to open pyeloplasty (OP) (1–3). The contemporary evidence of performing pyeloplasty by minimally invasive approach in the infant population, however, are less robust than in older children as there are few comparative studies ever published (4–6).

The expanding interest in minimally invasive pyeloplasty in children is mainly brought by the momentum of the robotic technology. National trends study in the United States between 2003 and 2015 showed that LP decreased annually by a rate of 12% while RALP grew by 29% annually (7). By 2015, RALP accounted for 40% of total cases and comprised 84% of cases among adolescents (7). A big contrast, however, was noted in the infant population in which 85% of cases were OP while RALP and LP accounted for 10 and 5%, respectively in 2015 (7). Adoption of minimally invasive approach in infants has been slow due to the perceived technical challenges associated with the anatomical and physiological constraints of infants and the high success rate by OP (5, 6, 8). Infants were excluded in some of the comparative studies (9, 10).

Our institution has adopted the minimally invasive approach for correction of UPJ obstruction across the entire pediatric age groups for two decades (11). LP had been our standard until Jan 2014 when it was replaced by RALP. In this study we aimed to compare the outcomes of the two minimally invasive modalities in infants. We hypothesized that RALP has superiority over LP in infants.



MATERIALS AND METHODS

After getting the approval of the clinical research ethics committee of our institution, we retrospectively reviewed the medical records of all consecutive infants aged 12 months or less who underwent either LP or RALP for UPJ obstruction in our institution over the period of 2008–July 2020. We included those primary pyeloplasties which were performed by or under the supervision of the senior author of this study using standardized surgical techniques, and similar pre- and post-operative management protocols. Re-operative pyeloplasty was excluded. All the LP cases were recruited before Jan 2014, and since then all the infant pyeloplasties had been performed by the robotic approach.

Before surgery, all patients had ultrasound (US) and MAG3 scan which showed Society of Fetal Urology (SFU) grade 3 or 4 hydronephrosis, and obstructed drainage with diuretic t-half > 20 min of the affected kidney. Indications for surgery included progressive worsening of hydronephrosis in serial US, drop in split renal function <45% in the initial or repeat MAG3, giant hydronephrosis with mass effect requiring percutaneous nephrostomy (PCN) decompression in neonatal period, and urosepsis.

All patients had double-J stent inserted at the time of pyeloplasty and was removed in 3–4 weeks. Routine post-operative evaluation included both US and MAG3 scan in 2–3 months after double-J stent removal. US was then repeated in 6 months and then yearly if the initial post-operative investigations suggested successful pyeloplasty. Success of surgery was defined by absence of repeat intervention plus 1 or more of the following radiological criteria: (i) resolution of hydronephrosis with anteroposterior diameter (APD) of renal pelvis <10 mm in US, (ii) improved drainage in MAG3 scan with diuretic t-half <20 min, (iii) reduction in hydronephrosis with stable split renal function in MAG3 scan.

We collected data on patients' demographics, clinical characteristics at baseline, post-operative radiological findings, operative details, complications, analgesic requirement, length of hospital stay (LOS), and follow-up period. Operative time (OT) was defined by the time interval from the first skin incision to completion of wound closure. Post-operative complications were graded according to the Clavien classification (12).

We have previously described our technique of LP and RALP (13). Transperitoneal approach was used in both LP and RALP. The surgical steps of the two approaches were almost identical. Only three ports were used in both approaches with a single transabdominal hitching suture to lift and stabilize the renal pelvis. No accessory port was used in RALP. We used 3-mm instruments in LP and 8-mm instruments in RALP. The initial cases of RALP were performed by the da Vinci S model (Intuitive Surgical, Sunnyvale, CA) which was subsequently replaced by the Xi model. In RALP, we placed a purse-string suture to tighten the musculofascial defect around the camera port at the umbilicus and the suture was further tied onto the short rubber latex tube placed around the port. The two working ports were placed at sub-xiphoid and suprainguinal region just lateral to the inferior epigastric vessels under the laparoscopic view (Figure 1). A double-J stent was routinely inserted by antegrade method over guidewire introduced transabdominally. Cystoscopy would be used if difficulty was encountered in passing the double-J stent into bladder by antegrade method. Intraoperative fluroscopy was used in every case to confirm the position of the distal end of double-J stent.


[image: Figure 1]
FIGURE 1. Positions of the ports in a 3-month-old infant who underwent right-sided RALP. A, B, and C, positions of the ports in RALP; A*, B*, and C*, positions of the ports if the procedure were LP.


Comparative analysis was performed between the two groups. Primary outcome was success of surgery. Secondary outcomes were other perioperative parameters. Categorical data were compared using chi-square or Fisher exact test. Continuous data were expressed as median with range or mean with standard deviation (SD). Continuous data were compared by Student t test or Mann-Whitney test as appropriate. Linear regression was used to investigate the trend of OT against increasing case experience. A p-value of < 0.05 was considered to be significant.



RESULTS

A total of 46 infants (LP = 22; RALP = 24) were included in this study. The medians of age and body weight were 6 months (2–12 months) and 8.0 kg (5.4–10 kg), respectively. There was no difference between the two groups in the patients' demographics and clinical characteristics at baseline (Table 1). No OP was performed for infants during the study period.


Table 1. Summary of the baseline characteristics of the two groups.
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All infants underwent LP or RALP successfully without conversion to open surgery or requirement of additional ports. None of the patients had intraoperative complications such as vascular or bowel injury, and none required blood transfusion. The estimated blood loss recorded was minimal with 5 ml or less.

Table 2 summarized the perioperative parameters and post-pyeloplasty outcomes. OT was 242 min (SD = 59) in LP, compared with 225 min (SD = 39) of RALP (p = 0.25). Linear regression analysis showed a significant trend of decrease in OT with increasing case experience of RALP (p = 0.005) (Figure 2).


Table 2. Summary of the perioperative parameters and surgical success of the two groups.
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FIGURE 2. Linear regression analysis of plotting operative time against sequential case experience.


No difference was noted in the post-operative analgesic requirement. RALP was associated with a shorter LOS of 3 days (SD = 0.3) compared with 3.8 days (SD = 1.3) of LP (p = 0.009). 4/22(18%) LP and 3/24(13%) RALP developed post-operative complications (p = 0.59). All but one of the complications were minor of Clavien grade I-II (prolonged ileus = 1; stent-related urinary tract infection = 5). The only Clavien grade III complication happened in the RALP group due to proximal migration of the double-J stent which was removed cystoscopically by a Fr 4 Amplatz Gooseneck snare catheter.

The success rates were 20/22(91%) in LP and 23/24(96%) in RALP (p = 0.49). The two failures in LP underwent redo-LP as they occurred before the introduction of RALP in our institution, and the single failure in RALP was treated by redo-RALP. All three redo-pyeloplasties were successful.



DISCUSSION

The existing data of minimally invasive pyeloplasty in infants are derived from case series (14, 15), comparative studies with OP (16, 17), and comparative studies with older children (18, 19). To the best of our knowledge, the present study is the first single-institution study to compare LP vs. RALP in infants. Others have reported their findings by comparing two cohorts of infants who underwent LP and RALP in two different institutions (20). Our study design of recruiting patients managed by the same surgeon may reduce the confounding effects caused by variations in surgical techniques, post-operative protocols, and in-patient practices which happened in multi-institutional studies (15, 20).

Our finding of 91% success rate of LP is similar to 92% reported by previous studies (14, 20) in infants. Concern has been raised whether the failure rate of LP could be higher in infants than in older children (21). A recent systematic review found an average success rate of 96.9% for LP in children (4). The authors, however, reported that there were very few studies targeted at infants (4). Failures of LP in infants may have been underreported, and the world-wide declining interest in LP has hampered further studies in infants for whom few surgeons perform LP (7).

The largest published series of RALP in infants was from a multi-institutional study which recruited 60 patients and reported 91% success rate (15). Two recent single-institution studies reported 93.8 and 94.1% success rates of RALP in 16 and 34 infants, respectively (18, 19). In both studies the authors did not note any difference in success rates between infants and older children (18, 19).

The latest meta-analysis performed by Taktak et al. included eight more studies comparing RALP vs. LP in pediatric populations (22) than the previous meta-analysis by Cundy et al. (1). The authors found a significantly higher success rate and shorter LOS in RALP than LP in children (22). Our findings of 96% success rate in RALP did not reach significant difference when compared with the 91% of LP. Further studies are warranted to investigate whether the potential superiority of pediatric RALP over LP in treatment success can be expanded to the infant population.

A bi-institutional study reported a significantly shorter LOS of RALP than LP in infants (1 vs. 7 days) (20). The authors, however, explained the finding by the difference in the healthcare systems and hospitalization polices of the two institutions where LP and RALP were separately performed (20). We found a statistically significant but small difference in LOS in favor of RALP(3 vs. 3.8 days). Our finding, however, needs to be interpreted with caution. The clinical significance of a difference in LOS of <1 day is questionable. Given the small number in either group, any outliers might have significant effect in the statistical analysis. Although all our study subjects were under the care of the same surgeon over the entire study period, we cannot exclude the possibility of a slight change in discharge criteria over time which might have disadvantaged the LP group in LOS. Nevertheless, it is our subjective experience that the robotic technology enhances the precision in tissue approximation and suturing, and thus has the potential to promote a faster recovery by allowing better tissue healing with less subclinical urine leakage.

It is debatable whether 5- or 8-mm instruments should be used in infant RALP. Use of 5-mm instruments allows a smaller incision at the cost of requiring a longer intracorporeal length for articulation due to its pulley system, which is the concern raised by some surgeons (8, 15). Proponents of 5-mm instruments, however, have reported the safety and similarly high success rates in infant and non-infant pediatric populations (18, 19). We have had no experience in using 5-mm instruments which are not supported by the current da Vinci Xi platform. Our findings of the post-operative analgesic requirement do not suggest any significant negative effects associated with the use of 8-mm ports in RALP when compared with LP using 5- and 3-mm ports. Nevertheless, we fully echo with others the need of the development of miniaturized robotic instruments specific for infants and small children (23).

Our OT of 225 min in infant RALP is much longer than the 115 and 144 min reported by master surgeons working at high-volume centers (16, 18), but similar to the 232 min reported by a multi-institutional study involving teaching hospitals with fellowship or residency training programs (15). Given our small case volume, we are still at a distance from achieving mastery in infant RALP. Our OT also included the time spent on undocking and redocking for fluoroscopy, and some cases involved training of surgeons who had not attained competency in pediatric RALP. We did not detect any difference in OT between the two groups of LP and RALP. However, the additional time spent on docking in RALP might suggest a faster procedure in RALP than LP, particularly during the intracorporeal suturing which the robotic platform alleviates much of the technical difficulty. The linear regression analysis demonstrated a significant trend of decrease in OT with increasing experience in RALP, and a trend of OT in favor of RALP after the first 10 cases. Given the two groups were comparable in other study variables, our finding suggests a faster learning curve of RALP than LP in infants.

Despite our long history of performing pediatric pyeloplasty by minimally invasive approach, our institution had only one surgeon left who was competent to perform LP in 2013. Since the adoption of RALP in 2014, there are currently three surgeons in our institution who are competent to perform pediatric RALP. We agree with others that the robotic technology offers the advantage of creating a more manageable learning curve for minimally invasive pyeloplasty, thus making it more accessible particularly to the infant population in which application of LP is even more challenging than older children (4).

We followed the technical tricks in infant RALP as described before with some modifications. Air leakage at the port site is more of a concern in infants than older children given the thin abdominal wall and its laxity in infants. We prevent air leakage by placing a purse-string suture to tighten the musculofascial defect around the camera port at the umbilicus and the suture was further tied onto the short rubber latex tube placed around the port to prevent it from accidentally slipping out. We did not anchor the two working ports to skin by sutures, and we made the incisions precisely such that the wounds were not any bigger than the trocars. Creating an adequate working space both intracorporeally and extracorporeally is critical to success in performing RALP in infants. Our ports positioning allows adequate distance to prevent trocar collision while avoiding the risk of bladder injury if the ports are all placed in midline as preferred by some surgeons (8, 15, 18). Elevation of the ports against the abdominal wall, and keeping a minimal depth of working ports inside the peritoneal cavity are both pivotal in maximizing the intracorporeal working space for small infants. It should be emphasized that excessive force in traction or grasping tissues may go unnoticed due to lack of tactile feedback of the robotic instruments, and extra caution must be exercised in infants whose tissues are more fragile than older children.

We acknowledged the limitations of our study including the retrospective nature, small case numbers over a long review period, lack of breakdown of OT, difference in follow-up periods, and lack of details of participation of surgeon-in-training. Patients were assigned the surgical approach chronologically without any randomization, and all the RALP cases were recruited after we had stopped performing LP. The prior acquisition of skills in LP may have given advantage in subsequent RALP. Our study findings did not allow estimation of the number of cases required to complete the learning phase of either technique. The generalizability of our data from a single institution is questionable, although some of the potential bias may be reduced by the standardized surgical techniques and management protocols. It was beyond the scope of the present study to investigate and compare the costs of the two procedures. The public healthcare service in our society is heavily subsidized by government such that it was almost free of charge for our patients' families whether the procedure was LP or RALP. There are no data in the billing system or from the finance department of our institution that we can retrieve to investigate the costs incurred from each surgical procedure. There is no question that it is a huge investment in purchasing a robotic platform, and the costs for maintenance and the disposable instruments are substantial. Previous single-institution studies have reported no difference in cost when RALP was compared with OP in infants (17), and when RALP was compared with LP in pediatric patients (24). At a national level, pediatric RALP was found to be associated with a higher cost than OP, and the relatively small number of pediatric pyeloplasty even in high-volume children's hospitals remained to be a limiting factor for reducing the cost of RALP (7). The robotic platform in our institution is shared among pediatric and adult patients. The high-volume adult robotic surgeries might give us an advantage in cost-effectiveness of performing pediatric RALP.

Given the paucity of data comparing the two minimally invasive modalities in infants, we believe our findings would contribute to the existing literature with addition evidence despite all the study limitations. Both LP and RALP are safe and effective modalities via a minimally invasive approach for correction of UPJ obstruction in infants. RALP appears to have superiority over LP in infants with its faster recovery, and a more manageable learning curve for skills acquisition. Our findings support the application of RALP across the entire pediatric population including infants.
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Introduction: Cajal like cells (CLCs) in the upper urinary tract have an ability to generate coordinated spontaneous action potentials and are hypothesized to help propel urine from renal pelvis into the ureter. The objective of this review was to describe the variations in the density and distribution of CLCs associated with ureteropelvic junction obstruction (UPJO).

Materials and Methods: Studies comparing the density and distribution of CLCs in the human upper urinary tract in patients with UPJO and healthy controls were included in this systematic review. We searched online electronic databases; Ovid MEDLINE, Scopus, PubMed and Cochrane reviews for the studies published before October 31, 2020. A meta-analysis was conducted to compare the density of CLCs at the ureteropelvic junction (UPJ) in patients with UPJO and matched controls.

Results: We included 20 and seven studies in the qualitative and quantitative synthesis, respectively. In majority (55%) CLCs were located between the muscle layers of the upper urinary tract. The CLC density in the UPJ gradually increased with aging in both healthy subjects and patients with UPJO. The pooled analysis revealed that the density of CLCs at the UPJ was significantly low in patients with UPJO compared to the controls (SMD = −3.00, 95% CI = −3.89 to −2.11, p < 0.01).

Conclusions: The reduction in CLC density at the UPJ in patients with UPJO suggests a contribution from CLCs in the pathogenesis of UPJO. Since age positively correlates with CLC density, it is imperative to carefully match age when conducting case control studies comparing the CLC density and distribution.

Protocol Registration Number: CRD42020219882.
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INTRODUCTION

Primary ureteropelvic junction obstruction (UPJO) is the most common congenital abnormality causing hydronephrosis in children (1) which affects 1 in 750–1,500 newborns annually (2–4). Structurally, the UPJO is characterized by a narrowed segment of the ureteropelvic junction (UPJ) containing atrophied smooth muscles and a hypertrophied segment proximal to the obstruction with increased collagen deposition (5). The widely accepted theory for the pathogenesis of UPJO is the disruption of coordinated unidirectional smooth muscle contractions, leading to dampening of peristaltic waves that propels urine downward from the renal pelvis to the ureter (6). Nevertheless, the exact mechanism of how these unidirectional contractions are coordinated in healthy ureteropelvic junction remains a mystery. Nearly a century ago Santiago Ramón y Cajal discovered a cell, later named in his honor, which has a regulatory role in smooth muscle contractility. These cells form a plexus that runs between the gut muscle layers, with processes extending from the ganglion cells of Auerbach plexus and nerve terminals residing on the plasmalemma of smooth muscle cells (7). These cells express c-kit (CD177) encoding receptor tyrosine kinase in their cytoplasmic membrane, which allow visualization of them using immunostaining (8). Reduction in the density of intestinal Cajal cells was later found to be associated with motility disorders of the gastrointestinal system such as congenital pyloric stenosis, achalasia cardia, Hirschsprung's disease and chronic intestinal pseudo obstruction (9–12).

Huizinga and Faussone-Pellegrini (13) reported the presence of different subtypes of Cajal cells, termed Cajal like cells (CLCs), outside the gastrointestinal tract with unique ultrastructural characteristics that help distinguish them from other cell types expressing c-kit such as mast cells, glial cells and melanocytes. The CLCs in the urinary tract have a stellate shape or a fusiform cell body with two distinct dendrites (14, 15). Subsequently, CLCs were identified in many organs including urinary tract, vagina, blood vessels and glands (13, 16, 17). The CLCs in the upper urinary tract in guinea pigs generate and amplify action potentials both in the renal pelvis and the ureter (18, 19), suggesting a unique role of CLCs in maintaining a unidirectional flow of urine at the UPJ (20, 21). With the discovery of an intrinsic motility action of the human UPJ (20), the CLCs were considered to be the pacemaker regulating the expulsion of urine at the UPJ. Nonetheless, the postulated role of CLCs in the pathogenesis of UPJO was challenged since the early studies failed to demonstrate a consistent decrease in the density of the CLCs at the UPJ in patients with UPJO (22, 23). These contradicting results led to further studies that primarily focused on the functions of the CLCs which generated clues on the pathogenesis of UPJO.

Despite decades of research, the exact pathogenic mechanism (s) of primary UPJO remains enigmatic. In this review, we provide a comprehensive analysis of the density and distribution of CLCs in the upper urinary tract associated with the UPJO and mechanistic insights to the pathophysiology of this disease. Moreover, we critically evaluate the methodological inaccuracies of certain studies which may have led to false assumptions regarding the association of the density of the CLCs at the UPJ with the UPJO.



MATERIALS AND METHODS


Protocol and Registration

We conducted a systematic review and meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (24). The study protocol was documented in advance in the International Prospective Register of Systematic Reviews (PROSPERO) online database (protocol registration number: CRD42020219882).



Eligibility Criteria

Studies comparing the density and/or distribution of CLCs in the human upper urinary tract in patients with UPJO and controls were included in this systematic review. Only the studies comparing the density of CLCs at the UPJ in patients with UPJO and matched controls were included in the quantitative synthesis. Case reports and animal studies on CLCs were excluded.



Information Sources and Search Strategy

We searched online electronic databases; Ovid MEDLINE (Medical Literature Analysis and Retrieval System), Scopus, PubMed and Cochrane reviews. To obtain additional information, we conducted a manual search of the reference list of the selected articles. The online search strategy was generated by YM. The search comprised of studies listed up to October 31, 2020. We did not set search limits. The PubMed search strategy is provided in Table 1.


Table 1. The PubMed search strategy.
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Study Selection

Two independent reviewers (US and YM) assessed the eligibility in an unbiased standardized manner. A third reviewer (AM) was involved in case of any disagreements. We screened the total hits obtained by reading “title” and “abstract.” We excluded studies that failed to satisfy the inclusion criteria at this stage. Next, we read the full text of each selected paper to extract data. All relevant articles published in languages other than English were translated into English language before screening. The reviewers determined the final group of articles to be included in the review after an iterative consensus process.



Data Collection Process

We developed a data extraction sheet, pilot-tested it on three randomly selected studies that were consistent with the inclusion criteria and revised it accordingly. One reviewer (US) extracted data from the included studies using this standardized form and another reviewer (YM) checked for the accuracy of data extraction. We extracted the following data from each study: (a) study details (author, country and year published), (b) sample characteristics (age of the study population and sample size), (c) methods (detection and/or quantification of CLC distribution and density) and (d) results (distribution of CLCs in a cross section and along the upper urinary tract and the density of CLCs with its association with disease status (UPJO vs. healthy subjects), age and postoperative outcomes). Ureteropelvic junction was defined as the junction between the renal pelvis and the ureter (20). Despite no clear external feature to locate the UPJ (20, 25), the internal appearance of crowding of mucosal folds forming characteristic “mucosal rosettes” allows its precise localization (20), whereas pathological UPJs in patients with UPJO is visualized intra-operatively as a valve-like appearance (26) preceding a narrowed segment with interrupted development of circular muscle fibers (27). Distribution of CLCs was defined as the location of the CLCs in different layers in the cross section of the ureter or along the upper urinary tract (UPJ, renal pelvis, or ureter). Density was defined as the total number of CLCs per high power field of an optical microscope. We resolved discrepancies in the extracted data by discussion, involving a third reviewer (AM) when necessary. We contacted the corresponding authors of the published manuscripts to obtain additional data such as the age distribution of their study populations and data sets of the measurements.



Risk of Bias in Individual Studies

The methodological quality and the risk of bias of the included studies were assessed independently by two authors (US and YM) using Joanna Briggs Institute (JBI) Critical Appraisal Tool (28). Each criterion was evaluated as “Yes,” “No,” or “Other” (unclear/ not applicable). Overall rating was provided for each study based on the items rated with an affirmative answer and accordingly, the quality score was determined by the range 67–100 (good), 34–66 (average), and 0–33 (bad). The studies meeting the “good” scores were selected for the review.



Quantitative Analysis

We conducted a meta-analysis of studies comparing the density of CLCs at the UPJ in patients with UPJO and matched control. A random effects model was used for the comparisons. Heterogeneity was assessed using the χ2 test on Cochrane's Q statistic and by I2 statistic. The I2 statistic was interpreted as follows: 0–40% might not be important; 30–60% may represent moderate heterogeneity; 50–90% may represent substantial heterogeneity; and 75–100% may represent considerable heterogeneity (29). When appropriate, sensitivity analyses were performed based on the sample size and the age distribution of the study samples to explore the sources of heterogeneity. Data were analyzed using RevMan version 5.4.1 (30). p < 0.05 was considered statistically significant in all analyses.




RESULTS

We found a total of 266 hits in the initial literature search, and after 50 duplicates were removed, 241 articles remained. We did not find additional articles after manual screening. We obtained full texts that had potential for the final review and included twenty of these studies in the final qualitative synthesis. Figure 1 illustrates the PRISMA flow diagram of the search. The results of the qualitative synthesis are summarized in Table 2. Of them, five studies presented the density of CLC as an ordinal variable (e.g., low, medium, and high density) as opposed to a continuous variable viz, the absolute number of CLCs per high power field, hence were subsequently excluded from the quantitative synthesis. The reasons of excluding articles from the quantitative synthesis are provided in the Supplementary Table 1. The risk of bias assessment is provided in the Supplementary Tables 2, 3. Of the studies included in the qualitative synthesis, eleven were conducted exclusively among children, while eight pooled results of adults and children. One study did not provide the age distribution of the subjects. The studies were conducted in Turkey, Poland, India, Egypt, Belgium, Germany, Korea, Singapore, Iran, Romania, Ireland, and China.
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FIGURE 1. Flowchart of the study selection.



Table 2. Summary of the studies included in the qualitative synthesis.
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Distribution of Cajal-Like Cells

Majority (11/20, 55%) of the studies found CLCs between the inner longitudinal and outer circular muscle layers or in close proximity to the muscle layers (7/20, 35%), while others found these cells to be present both in the lamina propria and serosal layers (1/20, 5%) in addition to the muscle layers (Supplementary Table 4).

The reported distribution of the CLCs in different parts of the upper urinary system were controversial. Wishahi et al. (44) reported that the CLC density gradually increased from renal pelvis to proximal ureter in healthy subjects, while two studies found a decrease in CLC density from UPJ to distal ureter (37, 41). Conversely, Metzger et al. (39) reported that the CLC density gradually increased from the pelvis to the intermediate ureter, and then reduced at the distal ureter, while Ven Der Aa et al. (14) could not find a statistically significant difference in CLC density between upper, mid and distal thirds of the ureter.

Most studies (31–33, 42, 45) reported a lower density of CLCs in the UPJ of the patients with UPJO compared to the controls (Table 2). On the contrary, Koleda et al. (23), and Kuvel et al. (22) found a comparatively higher density of CLCs at the UPJ in patients. How et al. (34) found no statistically significant difference between the CLC density in the UPJ between the cases and controls. Apoznanski et al. (1) explored the density of CLCs in affected patients with UPJO by quantifying the density of CLCs in adjacent high-power fields of the UPJ and calculated the gradient of CLCs. They found no significant differences of the CLC gradient between cases and controls (1).



Age Related Changes in Cajal-Like Cells

The CLC density increases in the UPJ with the advancement of the gestational age of the fetal ureter (31). Nevertheless according to Koleda et al. (23) the density gradually decrease as the age advanced into childhood. Based on the studies included in the quantitative synthesis, a line diagram was drawn to illustrate the CLC density at the UPJ and we found an increase in CLC density with age in both healthy and those affected with UPJO (31, 32, 36, 42) (Figure 2). Further, the affected subjects consistently had a low CLC density compared to the healthy controls.


[image: Figure 2]
FIGURE 2. A line diagram demonstrating the associations of density of Cajal like cells (CLCs) at the ureteropelvic junction and age. The diagram illustrates that the CLC density increases with age in both healthy and those affected with ureteropelvic junction obstruction. Data from four studies were used to create the chart (31, 32, 36, 42).




Cajal-Like Cell Contribution to Post-operative Outcome

Two studies exploring the association between the post-operative outcome of Anderson-Hynes pyeloplasty and the CLC density at the resected margin of ureter, showed that patients with a higher density of CLCs had a better surgical functional outcome (15, 35). Nevertheless, Pande et al. (40) found no correlation between the CLC density and the post-operative functional outcome.



Meta-Analysis

Seven studies reporting the mean difference of the density of CLC in the UPJ per high power field in patient with UPJO and controls were included in the meta-analysis. In the pooled analysis, the density of CLCs was significantly low in patients with UPJO (standardized mean difference = −3.00, 95% confidence interval = −3.89 to −2.11, p < 0.01) (Figure 3). The funnel plot of the selected studies is provided in the Supplementary Figure 1. We detected a considerable heterogeneity in this comparison (χ2 = 41.03, I2 = 85%, df = 6, p < 0.01). We performed a sensitivity analysis by including studies conducted on children only (aged <14 years) (n = 5) (31, 36, 38, 40, 45). The studies including both children (<2 years) and elders (>70 years) were excluded (32, 42). Nonetheless, the sensitivity analysis found a standardized mean difference of −2.93 (95% CI = −4.14 to −1.73) with a considerable heterogeneity (χ2 = 32.71, I2 = 88%, df = 4, p < 0.01) (Supplementary Figure 2). We were unable to perform a subgroup analysis comparing pediatric and adult populations since none of the included studies had a homogeneous adult population. To explore the effect of sample sizes, we performed another sensitivity analysis after including studies with at least 10 samples per group (n = 5) (31, 32, 38, 42, 45). The results showed a standardized mean difference of −2.56 (95% CI = −3.14 to −1.97) with a substantial heterogeneity (χ2 = 11.40, I2 = 65%, df = 4, p < 0.01) (Supplementary Figure 3). Subsequently, we combined the two sensitivity analyses by including studies of children with a large sample size (as defined above) (n = 3) (31, 38). In this analysis we found a standardized mean difference of −2.11 (95% CI= −2.53 to −1.68) with no heterogeneity (χ2 = 0.56, I2 = 0%, df = 2, p < 0.01) (Supplementary Figure 4).
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FIGURE 3. The study characteristics and standardized mean differences of the density of the interstitial cells of Cajal like cells at the ureteropelvic junction in patients with ureteropelvic junction obstruction and matched controls.





DISCUSSION

UPJO is the partial or intermittent blockage of urinary flow from the renal pelvis into the ureter, governed by either an anatomical derangement or in most instances a functional disturbance (5, 26, 46–48). About a decade ago, dilemma on the pathophysiology of UPJO brought myogenic theory to light, which suggests that uncoordinated muscular contractions at the UPJ leads to a functional obstruction of antegrade urine flow (49). The discovery of CLCs in the upper urinary tract which could propagate action potentials in the UPJ, intrigued researchers to investigate into their role in UPJO (49).


Cajal Like Cells in the Upper Urinary Tract

Ureteric wall consists of a transitional epithelium, lamina propria, inner longitudinal, and outer circular muscle layers and a serosa. In most studies, CLCs were located between the inner longitudinal and outer circular muscle layers (Supplementary Table 4). Few studies found CLCs in the lamina propria (14, 22, 39), while a single study detected CLCs in the serosa (22). Cajal cells in the intestines, are located near the myenteric plexus and submucosal plexus, between longitudinal and circular muscle layers, between inner and outer circular muscle layers and within interlamellar connective tissues of circular muscles (50). They are, however not often observed in serosa. Similarly, in ureter, CLCs are not readily located in the serosa in most instances but are present considerably more in the lamina propria. These cells are believed to play a coordinator role of impulse transmission between the sensory nerve endings and smooth muscle cells (18, 19), hence are located in areas richly innervated by sensory nerves. Ureteric innervation is to the muscular and subepithelial layers (51) where the nerve endings reside, therefore the deficiency in CLCs in serosal layer could be due to the lack of sensory nerve endings in the serosa.

Majority of the studies suggest that the overall CLC density at UPJ is reduced in individuals with UPJO compared to controls (33, 38, 40, 42, 45), which is consistent with the results of our quantitative synthesis. A constellation of gastrointestinal motility diseases including achalasia cardia (52) and Hirschsprung's disease (53) are associated with depletion of Cajal cells, while reduction of Cajal cell density in small intestinal segments of inflammation or obstruction significantly improves when treating the pathology causing inflammation or removal of obstruction (54, 55). Abstracting from this knowledge, a theory was postulated on the lack of CLCs in the UPJ as a contributor of failed peristaltic wave propagation across the UPJ in UPJO. However, the observational nature of these studies lacked the ability to derive a direct causation, but only an association. This putative role of CLCs was projected to doubt by Koleda et al. (23) and Kuvel et al. (22) with their description of an increase in the CLC density in the UPJ in affected individuals. Interestingly, in Koleda et al. (23) study, the age of the cases was markedly higher compared to the controls which could have contributed to the rising CLCs in cases, since there is a gradual increase of the CLC density with age in normal individuals as well as in patients with UPJO (Figure 2). Similarly, data was lacking on the age of the subjects in Kuvel et al. (22) study. Due to this reason, it may not be prudent to derive meaningful comparisons of the CLC density in cases and controls from the latter two studies. Although CLC density increases in the urinary tract with aging (Figure 2), the Cajal cell number and volume reduces steadily in colon and stomach (56). Furthermore, Cajal cell loss and aging increases slow waves conduction velocity in the stomach (57) resulting in delayed gastric emptying. Nevertheless it is possible that other syncytial factors have an interdependent role with Cajal cells giving rise to slow wave velocity changes (57).

Though immunohistochemical studies have failed to establish differences of the expression levels of neuronal markers in UPJO (34), it is suggested that a defective innervation at the UPJ in intrinsic obstruction could contribute to increase in CLC density causing increased peristaltic activity as a result of an attempt to overcome peristaltic failure (22). In chronic UPJO from tumors or ureteric stones up-regulation of c-kit expression is not observed to overcome the obstruction (22). The excitatory impulses are generated from a single site of origin propelling urine into the ureter (58). However, when more than one impulse generator sites are present, they block the conduction of waves of excitation (58). This suggests that if there is a change in distribution of impulse generating CLCs in UPJ, it may contribute to alteration of impulse generation leading to intrinsic UPJO. This hypothesis is supported by a study conducted on rabbits where increased frequency of spontaneous mechanical activity of the UPJ was observed during obstruction (59). Researchers pondered on the distributional changes in CLCs in the pathogenesis of UPJO, to which Apoznanski et al. (1) answered by demonstrating no distributional gradient changes in the CLCs in UPJO compared to the age of the affected. However, this study included only seven cases. In addition, we noted that there is a marked deficiency in studies that embark on the distributive changes in the CLCs in affected and healthy UPJ.

CLCs do not possess a primary action potential generation ability in animals, but form a conduit for transmission of signals (60) (Animal study findings related to CLCs are summarized in Supplementary Table 5). Guinea pig renal system, which resembles similar anatomy to humans, shows pacemaker oscillations at the pelvicalyceal junction and UPJ, while oscillations are absent in the ureter (19). When the proximal pacemaker drive is blocked either by pharmacological means or by transection, the distal regions take over the waves of excitation (61), suggesting the presence of pacemaker potential generation mechanism in the mid and distal ureter. These findings corroborate the results of the human studies where CLCs, the potential pacemakers of the renal tract, are not restricted to the renal pelvis and UPJ, but also found in the mid and distal ureter to coordinate unidirectional peristaltic activity.




LIMITATIONS

Few studies (23, 33, 34, 43) could not be incorporated in the quantitative synthesis when the CLC density was not presented as a continuous variable with means and standard deviations as summary statistics. The marked variability of the study designs, especially the wide range of age and limited sample sizes contributed to the high heterogeneity of the quantitative synthesis.



QUALITY OF EVIDENCE

This systematic review followed the standard recommended methodology set out by PRISMA guidelines. Two reviewers independently assessed the studies for potential sources of bias and a standard approach of data extraction was employed, thus reducing the risk of performance bias in the review and data extraction errors. PRISMA checklist of the review is presented in Supplementary Table 6.



CONCLUSIONS

Cajal like cells are predominantly distributed between the muscle layers of the upper urinary tract. However, the distribution of CLCs along the urinary tract from the renal pelvis toward the lower ureter is subjected to controversy. The CLC density at the UPJ is significantly low in patients with UPJO compared to the controls, suggesting a pivotal contribution by CLCs in the pathogenesis of UPJO. The CLC density gradually increases with aging in both healthy subjects and patients with UPJO, which could potentially bias the results of the anatomical studies when age is not strictly matched in cases and controls. Careful matching of age in cases and controls, avoiding large age ranges and using an adequate sample size are necessary when performing future studies.
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Objective: This study aimed to evaluate the clinical efficacy of laparoscopic pyeloplasty (LP) for ureteropelvic junction obstruction (UPJO) via retroperitoneal and transperitoneal approaches.

Method: A systematic literature search on keywords was undertaken using PubMed, Cochrane Library, Embase, China Nation Knowledge (CNKI), and Wanfang. The eligible literature was screened according to inclusion and exclusion criteria. Meta-analysis was performed by using RevMan 5.0 software.

Results: According to the inclusion and exclusion criteria, 12 studies were identified with a total of 777 patients. Four hundred eight patients were treated with retroperitoneal laparoscopic pyeloplasty (RLP), and 368 patients were treated with transperitoneal laparoscopic pyeloplasty (TLP). The meta-analysis results showed that the two approaches were similar in terms of presence of postoperative hospital stay, postoperative complication, the rate of conversion, and recurrence (p > 0.05). The operative time in the TLP group was significantly shorter than the RLP group (MD = 16.6; 95% CI, 3.40–29.80; p = 0.01). The duration of drainage was significantly shorter (MD = −1.06; 95% CI, −1.92 to −0.19; p = 0.02), and the score of postoperative visual analog score (VAS) was significantly lower in the RLP group than in the TLP group (MD = −0.52; 95% CI, −0.96 to −0.08; p = 0.02).

Conclusion: Both approaches have good success rates and low postoperative complication rates. RLP provides a shorter duration of drainage and lower VAS score, but it takes more operative time than TLP.
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BACKGROUND

With the popularity of prenatal ultrasound, the rate of diagnosis of hydronephrosis has increased in fetal and prenatal. There are many causes of hydronephrosis such as ureteropelvic junction obstruction (UPJO), vesicoureteral reflux (VUR), or ureterovesical junction obstruction. Ureteropelvic junction obstruction (UPJO) is the most common cause of congenital hydronephrosis (1). The standard surgical technique is dismembered pyeloplasty (Anderson–Hynes procedure) for UPJO, which was first performed successfully by Anderson and Hynes in 1949. It has the obvious advantages for long stenosis segment, presence of stones, and crossing vessels (2). With the continuous development of modern minimally invasive technology, laparoscopic pyeloplasy (LP) has become a more beneficial choice for the patients with UPJO than open surgery because of the advantages of excellent visualization, minimal trauma, rapid postoperative recovery, good cosmetic result, and a nearly successful rate compared with open pyeloplasy (3, 4). LP can be performed though retroperitoneal and transperitoneal approaches. To compare the advantages and disadvantages of the two approaches, this study consulted relevant literature and performed a meta-analysis.



METHODS


Search Strategy

We searched PubMed, Embase, CNKI, and Wanfang. Studies were restricted to English and Chinese language published before January 1, 2020. The following search terms were used using the Boolean operator terms “AND” and “OR”: “laparoscopic pyeloplasty,” “laparoscopic disconnected pyeloplasty,” “Ureteropelvic junction obstruction,” “UPJO,” “retroperitoneal,” and “transperitoneal.”



Inclusion Criteria and Exclusion Criteria
 
Inclusion Criteria

(1) Interventions: laparoscopic ureteroplasty was performed through retroperitoneal and transperitoneal approaches. (2) Intervention subjects: unilateral UPJO patients. (3) Outcomes: postoperative time, hospital stay, postoperative complication, duration of drainage, visual analog score (VAS), the rate of conversion, and recurrence. (4) Study types—randomized controlled studies or retrospective studies. (5) For the studies published by the same unit, the latest one would be included.



Exclusion Criteria

(1) Approaches involved only retroperitoneal or transperitoneal. (2) The intervention subjects included patients with bilateral UPJO. (3) Outcome cannot be obtained. (4) Full text is unavailable. (5) The treatment includes robotic-assisted surgery and open surgery. (6) Literature with a quality evaluation result of <7 or low quality according to the Newcastle–Ottawa Scale (NOS) quality evaluation scale (5) and the Cochrane Collaboration's tool (6).




Study Selection and Quality Evaluation

In selecting studies for inclusion, a review of all relevant article titles and abstracts were conducted before an examination of the full published texts. Two professional reviewers reviewed the articles for eligibility and quality and extracted the data independently. Data were collected on standard collection tables. Extracted data included author's name, nation, published year, study type, patients' characteristics, and relevant outcomes. Disagreement was resolved by consensus with the intervention of a third reviewer.

For the quality assessment, the Newcastle–Ottawa Scale (NOS) quality evaluation scale and the Cochrane Collaboration's tool were used for non-randomized controlled trials and randomized controlled studies, respectively.



Statistical Analysis

All meta-analyses were carried out in RevMan 5.0 software, and p < 0.05 meant the difference was statistically significant. The continuous variables were described by standardized mean difference (SMD) and 95% confidence interval (95% CI), and the dichotomous variables were described by odds ratio (OR) and 95% CI. Evaluated by Q-test, heterogeneity was considered if p > 0.1 or I < 50%, and the random effect model was adopted. If p < 0.1 or I > 50%, it indicates that there was heterogeneity, and the fixed effect model was adopted. For the continuous variables, if only the median and value range were provided in the included studies, the mean and standard deviation were calculated according to the formula of Hozo (7).




RESULT


Study Characteristics

A total of 44 studies were retrieved. According to the inclusion and exclusion criteria, there were 12 studies that were included in the present study, of which 7 studies were in English, and 5 studies were in Chinese. A total of 777 patients were involved among the 12 studies, 408 patients were treated with RLP, and 369 patients were treated with TLP (The basic characteristics of the included studies are shown in Table 1, and the search process of the studies is shown in Figure 1).


Table 1. The basic characteristics of the included literature.
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FIGURE 1. Search process of the studies.




Meta-Analysis Results
 
Operative Time

There were 12 studies that reported the operative time of the two groups. The heterogeneity test result was p < 0.0001, I = 94%, and the random effect model was adopted. The meta-analysis result showed that there was significant difference in the operative time between the two groups (MD = 16.60; 95% CI, 3.40–29.80; p = 0.01) (Figure 2).


[image: Figure 2]
FIGURE 2. Meta-analysis of the operative time.




Postoperative Hospital Stay

There were 12 studies that reported the postoperative hospital stay of the two groups. The heterogeneity test result was p < 0.0001, I = 91%, and the random effect model was adopted. The meta-analysis result showed that there was no significant difference in hospital stay between the two groups (MD = −0.21; 95% CI, −0.54–0.12; p = 0.21).



Duration of Drainage

There were four studies reported the duration of drainage of the two groups. The heterogeneity test result was p < 0.0001, I = 87%, and the random effect model was adopted. The meta-analysis result showed that there was significant difference in the duration of drainage between the two groups (MD = −1.06; 95% CI, −1.92 to −0.19; p = 0.02) (Figure 3).
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FIGURE 3. Meta-analysis of the duration of drainage.




Visual Analog Score

There were four studies that reported the VAS of the two groups. The heterogeneity test result was p < 0.0001, I = 94%, and the random effect model was adopted. The meta-analysis result showed that there was a significant difference in the VAS between the two groups (MD = −0.52; 95% CI, −0.96 to −0.08; p = 0.02) (Figure 4).


[image: Figure 4]
FIGURE 4. Meta-analysis of the visual analog score (VAS).




Postoperative Complication

There were seven studies that reported the postoperative complication of the two groups. The heterogeneity test result was p = 0.51, I = 0%, and the fixed effect model was adopted. The meta-analysis result showed that there was no significant difference in the postoperative complication between the two groups (OR = 1.19; 95% CI, 0.62–2.28; p = 0.60).



Conversion Rate

There were six studies that reported the conversion rate of the two groups. The heterogeneity test result was p = 0.36, I = 7%, and the fixed effect model was adopted. The meta-analysis result showed that there was no significant difference in the conversion rate between the two groups (OR = 1.86; 95% CI, 0.67–5.16; p = 0.23).



Recurrence

There were six studies that reported the recurrence of the two groups. The heterogeneity test result was p = 0.99, I = 0%, and the fixed effect model was adopted. The meta-analysis result showed that there was no significant difference in the recurrence between the two groups (OR = 1.23; 95% CI, 0.55–2.74; p = 0.62).



Publication Bias

In the bias analysis, the effect index SMD was used as the abscissa axis and SE (SMD) as the vertical axis to draw an inverted funnel plot (see Figure 5). The results showed that the funnel plot was not completely symmetrical on the left and right, suggesting that there might be publication bias in the included literatures in this study.


[image: Figure 5]
FIGURE 5. The Funnel plot.






DISCUSSION

UPJO is a common disease in pediatric urology with an incidence of about 1/2,000 in newborns, and the ratio of the men to women is 2~3:1 (20). UPJO usually reduces the free flow of urine from the renal pelvis to the ureter, causing dilation of the renal pelvis and calyces and hydronephrosis (21). Ureteropelvic junction stenosis, crossing vessel, and ureteropelvic junction valve and stone are also important causes of UPJO. Ureteropelvic junction stenosis is the most important cause of congenital UPJO in newborns, which can impair renal function and eventually lead to renal parenchymal atrophy (22). Lack of smooth muscle, collagen deposition, increased connective tissue, and decrease in the proportion of interstitial cells of the Cajal are the pathological characteristics of ureteropelvic junction stenosis. According to the study of Bady et al. (23), the stenosis segment is related to the increase in acetylcholinesterase activity and norepinephrine response.

Surgical intervention for UPJO is aimed at removing of obstruction segment, relieving of pain, and preserving of renal function (4, 24). There are many indices that have been used to identify the need for surgery, such as SFU grade 3 or 4, continued expansion of the renal pelvis collection system, a renal cortex <5 mm, a single kidney with decrease in GFR, and symptom of pain (25, 26). Regrettably, there has been no reliable criterion that could be used in risk stratification and decision making with UPJO. Most researches support that the reduction in cortical thickness and increased severity of hydronephrosis are important signs of fibrosis of renal parenchyma and reduced glomerular numbers (27); however, in the study of Huang et al., (28) it was pointed out that the degree of hydronephrosis did not significantly correlate with the number of affected glomeruli. Mercapto-acetyl-triglycine and dimercaptosuccinic acid can objectively reflect the degree of kidney damage, but they usually need sedation and repeated evaluation in infants or younger children. Pavlaki et al. (29) proved that the level of urinary NGAL and serum cystatin C are remarkably decreased from the preoperative to the postoperative period, and they could be reliable biomarkers to distinguish the kidney condition among patients with severe and mild hydronephrosis.

There are many methods for treating UPJO, including endopyeloplasty, endopyelotomy, and pyeloplasty, but pyeloplasty is the most reliable, which is currently recognized as the gold standard for the treatment of UPJO (30). Up to now, the overall success rate of the open pyeloplasty is over 90%, and the recurrence of postoperative hydronephrosis usually occurs within 2 years after the operation. Chow et al. (24) pointed out that preoperative renal function <30%, history of endopyelotomy, and early urinary leakage were the risk factors for surgical failure.

According to the results of the meta-analysis, there were no significant difference between the two approaches on postoperative hospital stay, complications, conversion rate, and recurrence. RLP took more operative time than TLP, and the difference was statistically significant (MD = 16.60; 95% CI, 3.40–29.80; p = 0.01). Since the transperitoneal approach requires to cut the mesentery through the medial or lateral colon to enter the retroperitoneal cavity, it takes more time to expose the pelvis. Wu et al. (31) believed that the retroperitoneal approach will be more conducive to shortening the operative time with the familiarity of the surgeon with the anatomy of the retroperitoneal cavity. According to the results of the present study, RLP can significantly shorten the time of postoperative drainage and reduce the score of postoperative VAS (MD = −1.06; 95% CI, −1.92 to −0.19; p = 0.02; MD = −0.52; 95% CI, −0.96 to −0.08; p = 0.02), which may be related to the shorter route of retroperitoneal approach, with less interference to abdominal organs, faster recovery of gastrointestinal function, and low incidence of intestinal obstruction.

Open pyeloplasty has been widely accepted as the prior choice for UPJO, with a success rate of >90% in most reports (32). Since the LP in adults and children were first successfully performed in 1993 and 1995, respectively, it has gradually replaced open pyeloplasty as the preferred option for UPJO (33, 34). Most researchers support that LP is beneficial and advantageous to old patients, but for infants younger than 6 months, opinions are different (35, 36).

Nowadays, the application of laparoscopy in pediatric urology has been developed for 30 years. Laparoscopy seems to be an established technique for children. LP may be applied with transperitoneal and retroperitoneal approach. TLP can provide a larger space for free movement of instruments and intraoperative suturing. Meanwhile, the anatomical marks are easier to identify for surgeons. However, due to the stimulation of urine to the intestinal and the disturbed abdominal cavity, the rate of bowel-related complications, including abdominal organ injury and postoperative intestinal obstruction, is increased (1). Which surgical method is better is still controversial; some scholars argued that if the renal pelvis dilated more than 6 cm, with large or multiple renal stones, pelvic kidney, or horseshoe kidney, TLP was easier and safer than RLP (37). Because the infants have a high sensitivity at CO2 effects, theoretically, increased intra-abdominal pressure and hypothermia, TLP seems to be safer for infants to decrease the intra-abdominal pressure and hypothermia through shortening of the operative time (36, 38). Unfortunately, postoperative hypercapnia was not reported in the literature included in the study.

In terms of TLP, the surgical approach remains controversial too. TLP included paracolic sulci approach and mesentery approach, and the option of surgical procedure usually depends on the location of the lesion. Due to the right renal pelvis and ureter, which are often located at the right colic flexure, UPJO on the right is recommended with the optimal paracolic sulci approach. During the operation, only the peritoneum of the lateral side of the right colon is cut, and the right colon is pushed medially to expose the renal pelvis and ureter. Due to the left colic flexure position, which is higher, covering the kidney, and the mesenteric just covering the left UPJ, the left mesentery approach is not only helpful in identifying the renal pelvis but also can avoid excessive dissection and dissociation of the left descending colon and perirenal fascia, shorten the operation time, relieve surgical trauma, relieve postoperative pain, and accelerate postoperative recovery (39, 40).

There were some limitations to this study that should be noted. On the one hand, not all of the studies included were RCT; it caused an inevitable selection bias in the study. On the other hand, there was limited documentation of follow-up; of the 10 studies assessed, 2 studies gave no length of follow-up and 3 studies published on a follow-up of <12 months. It affected the outcome of the long-term postoperative complications.



CONCLUSION

RLP and TLP have the same results in postoperative complications, conversion rate, and recurrence, but RLP has potential benefit to make the patients recover faster after the operation as it can reduce the time of postoperative drainage and postoperative VAS. It is hard to say which approach is better because RLP takes more operative time and needs a longer learning curve, so the surgeon should choose the appropriate operation according to personal preference and experience during the early practice. For experienced surgeons, RLP seems to be a more beneficial choice for patients.
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Objective: To summarize our experiences with drainage methods after laparoscopic pyeloplasty with a 14-year study.

Methods: We reviewed the data of the 838 children operated on for hydronephrosis due to congenital ureteropelvic junction obstruction (UPJO) between July 2007 and July 2020. Patients' demographics, perioperative details, postoperative drainage stents [including double-J stent, percutaneous trans-anastomotic (PU) stent, and trans-uretero-cystic external urethral stent (TEUS)], complications, hospital stay, and long-term follow-up outcomes were analyzed. Long-term follow-up was performed by outpatient visits and telephone follow-up. Moreover, we reviewed the details of nine cases of recurrence after laparoscopic pyeloplasty.

Results: Comparison of preoperative general data among the three groups indicated that there was no statistical difference in age, gender, and surgical side of the three groups. Statistical differences were found in the incidence of postoperative complications from the three postoperative drainage method groups, especially the incidence of reoperations (p < 0.01): there were six cases (3.19%) of recurrences in the TEUS group, two cases (0.36%) in the DJ group, and one case (0.93%) in the PU group. In the six recurrent cases from the TEUS group, four cases (44.4%) were found to have stenosis, and two cases (22.2%) have iatrogenic valvular formation.

Conclusion: Not all three types of drainage methods are suitable for drainage after pyeloplasty. Based on our findings, TEUS is not recommended.
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INTRODUCTION

Congenital ureteropelvic junction obstruction (UPJO) is one of the most commonly encountered abnormalities that are responsible for persistent hydronephrosis in children (1). The classic option of treatment for UPJO is pyeloplasty. Since the first descriptions of laparoscopic pyeloplasty (LP) in 1993 by Schlussel (2) and in 1995 by Peters (3), LP has become the gold standard in the treatment of UPJO, with its safety and minimal invasiveness. Usually, surgeons will choose to use a drainage stent after pyeloplasty; however, which drainage method is the best choice is still quite controversial (4, 5).

After LP, the choice of stent type has always been the focus of debate. For now, double-J (DJ) stent and percutaneous trans-anastomotic (PU) are widely used due to their reliable efficacy, but their disadvantages are also obvious, such as displacement and secondary anesthesia in the DJ stent (5–8) and urine leakage, kinks, and obstruction in the PU stent (5, 9, 10). Therefore, the ideal drainage method should be effective while being minimally invasive and safe. We used the trans-uretero-cystic external urethral stent (TEUS) approach to solve the problems caused by the DJ stent and PU stent; in the previous research (11), we proved it to be safe and effective by comparing it with the DJ stent, but there is a lack of verification of long-term follow-up results in the study.

After a long-term postoperative follow-up work, we found some abnormal results (postoperative recurrence rates were higher in children treated with TEUS than other drainage methods), which made us question the safety of this new drainage method. Therefore, we conducted this study to answer the question, summarize the relevant experience and findings, and share them with other scholars.



MATERIALS AND METHODS


Patients and Data

We retrospectively reviewed 838 patients with congenital UPJO without other urinary system deformities between July 2007 and June 2020 in the Children's Hospital of Chongqing Medical University. All patients underwent standard LP according to Anderson–Hynes technique (12); surgeries were performed by three senior surgeons with extensive experience in pediatric urology surgery. Patients' demographics, data of preoperative and postoperative exams, perioperative details, complications, hospital stay, and regular postoperatively follow-up results were collected (the occurrence of long-term complications).



Surgical Method and Follow Up

Stenting is selected by the surgeon according to the preoperative or intraoperative situation. The TEUS stent was placed by a cystoscope preoperatively; a Fr3 or Fr4 stent was inserted in a retrograde fashion into the ureter via cystoscopy, with a Foley catheter placed in the bladder. The other stents were used intraoperatively (Figure 1). Seven to 10 days after surgery, the PU stent and TEUS stent were removed, while the DJ stent was removed about 1–4 weeks after surgery.


[image: Figure 1]
FIGURE 1. Schematic diagram of three types of postoperative drainage stents. (A) DJ stent. (B) TEUS. (C) PU stent: 1, drainage stent; 2, stent. DJ, double-J stent; TEUS, trans-uretero-cystic external urethral stent; PU, percutaneous trans-anastomotic.


Follow-up included outpatient follow-up at 3 and 6 months and once a year after surgery. Patients who were followed up for <1 year or were lost to follow-up were excluded.



Statistical Analysis

Postoperative complications were analyzed by the Clavien–Dindo system (13). Analyses were performed using SPSS®, version 25.0 (IBM Corp., Armonk, NY, USA). Qualitative or categorical variables were expressed as numbers and compared using the χ2 or Fisher’s exact test, as appropriate. Data were compared between groups using Students’ t-test or chi-square test. Data that did not comply with a normal distribution were expressed as median range and compared between groups using the Mann–Whitney test. All statistical tests were two-sided and performed with a significance level set at p < 0.05.



Ethics Approval

We obtained ethical approval for this study from the local institutional research ethics board. Written informed consent for participation was signed by the guardian of the child when hospitalized.




RESULTS

This study included a total of 838 children who underwent LP. The demographics data (gender, age, and surgical side) of the three groups were not statistically significant (p > 0.05). From the comparison of the operative duration, intraoperative blood loss, and hospitalization duration of patients in the three groups, statistically significant differences were found between groups. The operative duration was significantly different between the DJ group and the other two groups (p < 0.05). Bleeding volume in the PU group was significantly different from that of the other two groups (p < 0.05). Hospitalization duration was statistically different among the three groups. Among them, compared with the other two groups, the DJ group had the shortest hospitalization duration and the shortest operation duration; the PU group had the most blood loss; and the TEUS group had the longest operation duration (Table 1).


Table 1. Patients' demographics and data of operation.
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We calculated the time of the stent removal and postoperative complications in the three groups. The time of the stent removal of the three groups was 28.5 ± 12.2, 7.4 ± 1.8, and 10.9 ± 8.2 days, which was significantly different between groups. Meanwhile, the overall complication rate in the three groups was significantly different too. They are 24 (4.42%) cases, 23 (12.23%), and nine (8.41%) cases; especially, the incidence of reoperation in Group B (six cases) was significantly higher than in other groups (Table 2).


Table 2. The three drainage stents' removal time and complications.

[image: Table 2]

At last, we collected clinical data from the nine children (six boys and three girls) who underwent reoperation; all developed severe hydronephrosis before the first surgery. After the first operation, five children had a recent complication (two cases of urinary tract infection (UTI), two cases of anastomotic obstruction, and one case of persistent hematuria). In the choice of postoperative drainage stent, we used TEUS in six children, the DJ stent in two children, and the PU stent in one child. During the reoperation, surprisingly, four cases showed that the ureteropelvic junction still had scar stenosis, and two cases showed iatrogenic valve; it is worth noting that TEUS was used in all these six children. In the remaining three reoperation cases, two cases were found to have surrounding tissues adhering to the stent, ureteropelvic junction did not have obvious stenosis, and these patients had UTI after the first surgery. The last case had angulation distortion.



DISCUSSION

More than 30 years ago, open pyeloplasty (OP) was the gold standard for the treatment of UPJO. The first LP was reported in 1993 (2), which is safe, reliable, and minimally invasive. LP has gradually become the standard method for the treatment of UPJO in children. However, due to the peculiarities of children, which type of drainage method is the best choice has been controversial after pyeloplasty.

Should a stent be used after LP, and if a stent is used, which stent is the most ideal?

At present, there are two kinds of stent tubes widely used: the DJ stent and PU stent. Recently, Sarhan et al. (5) reported a multicenter study of the efficacy of drainage methods in 175 children between the two groups, which showed no significant difference in the incidence of postoperative complications or long-term outcomes. DJ stent insertion provides a shorter hospital stay, but a second operating room visit and anesthesia for removal are unavoidable. Similarly, in the study of Irene et al. (8), they also compared the costs incurred by the two drainage methods, and they believed that the DJ and PU stents were equivalent in terms of overall complications and success rate. Moreover, PU stents can avoid the need for additional general anesthesia and reduce overall hospital costs. Therefore, the advantages of the DJ stent are that is minimally invasive, safe, and reliable, but it requires reoperation to remove the stent. The PU stent has the advantages of convenient stent removal and precise curative effect and the disadvantages of more trauma.

Since some catheter-related complications are inevitable with all types of drainage methods, what is the efficacy of stent-less pyeloplasty? Bayne et al. (14) proved that the incidence of postoperative urinary leakage was significantly higher in the stent-free group than in the stent-less group in their study. And in another meta-analysis reported by Liu (9) to evaluate the efficacy and safety of the DJ stent, PU stent, and stent-less pyeloplasty in pediatric pyeloplasty, the network meta-analysis (NMA) results showed that there were no significant differences between the three groups in surgical duration, surgical success rate, length of hospital stay, improvement in renal function, overall complications, and recurrence rates. Compared with the stent-less group, the incidence of postoperative pain was higher for the DJ stent and PU stent. The urine leakage rate of the DJ stent was lower than that of the PU stent and stent-less pyeloplasty. No significant differences were observed in other types of complications such as UTI, stent displacement, and postoperative recurrence. This is consistent with other similar studies (15, 16), so the cost of stent-less pyeloplasty is an unavoidable high incidence of urinary leakage. Unfortunately, almost all postoperative urine leakage needs to be treated by intubation; it means that reoperation is conducted within a short period of time after the first surgery, which is unacceptable for children and their parents, and it may cause doctor–patient conflict and bring great challenges to clinical work.

Combined with the above discussions, we find that stent-less pyeloplasty is the most minimally invasive, but it has a high incidence of urinary leakage. Combined with the results of the other studies (5, 6, 10, 15–17), we found that the advantages of the DJ stent are that it is safe, reliable, effective, and more minimally invasive, while the removal time of the PU stent is shorter, which can reduce the occurrence of catheter-related complications. And the disadvantages are obvious too, such as issues with anesthesia during DJ stent removal and the high risk of urine leakage associated with the PU stent. In order to solve these problems, we tried a new drainage stent, TEUS. This drainage stent through the natural cavity solves not only the problem of DJ stent removal difficulty but also the problem of PU stent urine leakage around the catheter. Is this drainage method safe and effective? In an early short-term retrospective study, we compared the efficacy of the TEUS stent and DJ stent, and we found that in addition to the operation duration of the TEUS group, which was longer than that of the DJ group (p < 0.05), there was no difference in intraoperative blood loss, length of hospital stay, and incidence of complications [10 cases (22.2%) and eight cases (20%) of catheter-related complications in the DJ group and TEUS group, respectively (p > 0.05)] (p > 0.05). However, this study on the safety of TEUS lacked long-term follow-up results.

With the increased time of follow-up, we compared the removal time of stents and incidence/types of postoperative complications of 884 patients in the LP group who respectively used the DJ stent, TEUS, and PU stent for drainage. One unexpected finding was the extent to which the removal time of stents and overall complication rate of the three groups were statistically different, and the average catheter duration of the three groups was as follows: DJ group (28.5 days), TEUS group (7.4 days), and PU group (10.9 days). The incidence of postoperative complications in the three groups was as follows: 24 cases (4.42%) in the DJ group, 23 cases (12.23%) in the TEUS group, and nine cases (8.41%) in the PU group; especially, the incidence of reoperation in the TEUS group (six cases, 26.1%) was significantly higher than that in the other groups (two cases, 8.3%; one case, 1.1%). The finding that the incidence of postoperative complications was significantly different among the three groups was seriously inconsistent with the previous conclusion. Then what causes the postoperative recurrence rate of the TEUS group to be significantly higher than that of the other groups?

Current studies suggest that stenting and drainage after pyeloplasty are necessary to facilitate anastomotic healing and reduce urinary leakage (18). Both the DJ and PU stents have this function, but the TEUS stent had no supporting effect due to its special structure. In addition, TEUS is placed prior to pyeloplasty, which means that the renal pelvis will be emptied before pyeloplasty begins, and it may affect the judgment of the length of the stenosis, which may lead to residual stenosis. Moreover, the TEUS was inserted before surgery, which interferes with the surgical field during surgery, which is also not conducive to complete resection and suture of the stenosis and may eventually lead to residual stenosis and inaccurate suture. These hypotheses were also confirmed by pathological findings during reoperation (four cases with residual stenosis and two cases with close adhesion to surrounding tissues). And to further test this hypothesis, we are now conducting further experimental studies. Now, we do not recommend the use of TEUS stents, and we suggest that other scholars should not ignore our findings when trying new stents.

Compared with other reported literature (5, 8, 13–16), the advantages of our study lie in the long follow-up time and importantly in the number of patients. To our knowledge, this is the first long-term follow-up of TEUS and study of the results. The limitations of this study are that the data were retrospectively analyzed, the study group was not randomized, and the study was a single-center observation.

In summary, not all three types of drainage methods are suitable for pyeloplasty. We suggest that the use of the TEUS stent should be performed carefully, and we suggest that other scholars should not ignore our findings when trying new stents.
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al., Iran (38) years. with UPJO and controls was muscle layers  density per HPF  density per HPF  significantly low in cases
compared using IHC (400X was 145 was 32.8 compared to controls
magnification) (SD=56) (sD=119) (P < 0.001).
Metzger etal., 56 ureter Cadavers ‘Samples were obtained from renal Lamina CLC density per HPF were: pelvis CLC density was lower in
Germany (39) samples  aged 54 pelvis, and proximal, intermediate, propriaand 13 (range 0.33 to 3.66) proximal the proximal ureter
(24-82) years  and distal ureter. muscularis  ureter 10 (range O to 3.00) compared to the renal
and patients  CLC density was assessed following ~ propria intermediate ureter 32 (range O pelvis. The CLC density
with renal IHC per HPF (200X magnification). t0 6.66) distal ureter 22 (range 0.33  increased from proximal to
tumours aged 107.66). intermediate ureter, and
49 (42-64) then decreased at the
years distal ureter.
Pandeetal, 80:7  07(02-8)  CLCdensityatthe UPJinpatients  Notavalable CLCdensityin ~ CLCdensityin  CLC density was
India (40) years: 2 with UPJO and controls was. cases per HPF  controls per significantly low in cases
(0.7-5) years  compared using IHC (under 400X was4.86(SD= HPFwas11.74  compared to controls (p =
magnification). Surgical outcome was. 0.76) (SD =0.86) 0.04).
assessed using ultrasonographs at
6-month post-operatively.
Priscaetal, 13 061083 Samples were obtained from multiple  Between Median CLC density per HPF In normal individuals, CLC
Romania (41) years areas of the urinary tract from the muscle layers  at levels; density was high in the
deceased with no evidence of UPJO. 2nd level- 6 (4 to 9) calyces and pyelon, while
The obtained samples were 3rd level- 5 (2 to 8) CLCs were scanty in the
categorized into following levels: 4thlevel- 4 (210 7) mid and distal ureter.
upper urinary tract: 1st level- Kidney, 5thlevel- 3 (1 10 6)
2nd level- Calyces, 3rd level- Pyelon, 6th level- 2 (110 5)
4th level- UPJ, 5th level- Proximal 7thlevel- 2 (010 5)
ureter, 6th level- Middle ureter, 7th
level- Distal ureter.
IHC was performed and observed
under HPF (400X magnification)
Senol et al., 19:12 116+ 116 CLC density at the UPJ in patients. Closertothe  CLC density in CLC density in Compared to controls
Turkey (42) months: 279 with UPJO and controls was inner cases per HPFis  controls per cases had either no or few
+312 compared using IHC. longitudinal ~ 2.37 (SD=2.19) HPFis24.5(SD  CLCs (p < 0.0001).
months CLC density per HPF (400X layer Many - 1(6.3%) =9.73)
magpification) was graded as: very Few-5(26.3%) Al individuals
few (010 3), few (4 to 6) and many Very few - had >7 CLCs.
(>7) cells. 13 (68.4%) per HPF.
Solaris et al., 19:7 2.3(0.2-12) CLC density at the UPJ in patients Inner border CLCs were CLC density Patients with UPJO have
Ireland (43) years: 4.5 with UPJO and controls was ofcircular  sparse or absent  was >8 per alower density of CLCs in
(0.9-9) years  compared using IHC. muscle layer (<2 per HPF).  HPF (Grading:  the UPJ and renal pelvis
CLC density per HPF (400X “many’). compared to controls (p <
magrification) was graded as: sparse 008).
(0t 1), few (2 to 3), moderate (4 to
8), and many (>8).
VenderAaet 44(65 397 (1-78)  Tissue samples were obtained from  Beneath Values not Values not CLC density was greater
al,Belgium  fissue  yearsin renal pelvis, upper, middle, and lower  urothelium  available available in pyelon compared to
(14) samples) males, 16 ureter, vesicoureteral junction, bladder and between ureter. No significant
(1-50) years dome, bladder neck and urethra. muscle layers difference in the CLC
infemales  IHC was performed and observed density was observed
under HPF (400X and between upper, mid, and
200X magnifications). lower thirds of the ureter
or between the
longitudinal and circular
muscle layers of the ureter.
Wishahi etal, 7:5 28+ 10years  CLC density at the UPJ, PUand RP Between CLC densitywas LG density Patients with UPJO have
Egypt (44) 52+ 7 years  in patients with UPJO and controls  Muscular high in PU, was highinthe  a lower density of CLCs in
were compared using IHC and layers moderatein RP,  PU,excessin  the UPJ and renal pelvis
transmission electron microscopy. scanty orabsent  RP, and compared to controls (o <
in UPJ. moderate inthe  0.05).
UPJ.
Yangetal, 2421  025t012  CLCdensityatthe UPJinpatients  Between Density of CLCs  Density of CLC density at the UPJ
China (45) years with UPJO and controls was. muscle layers  per HPF incases  CLCs per HPF  was significantly lower in
compared using IHC (400X was 0.207 (SD= incontrolswas  the cases compared to
magnification) 0.020). 0262 (SD = the controls (o < 0.05).

0.026).
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LP;n=22 RALP; n =24 p-values

Median age in months 6(3-12) 55(2-12) 097
at the time of surgery

(range)

Median body weight in 85 (5.4-10) 7.9(6.7-10) 056
kg at the time of surgery

(range)

Gender: male/female 17/5 20/4 0.61
Laterality: left/right 16/6 19/11 0.19
Antenatal diagnosis 22/22 24/24 NA
Temporary PCN before 3/22 6/24 033
surgery

Pre-operative imaging:

APDin US 31+ 12mm 32+ 12mm 0.89
SRFin MAG3 248+ 65% 456+ 9.5% 074

LP. laparoscopic pyeloplasty; RALP. robot-assisted  laparoscopic pyeloplesty; US,
ultrasound; APD, anteroposterior diameter; SRF, split renal function; PCN, percutaneous
nephrostomy; NA, not applicable.
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OT in minutes
Intraoperative cystoscopy
Aberrant crossing vessels
Participation of
surgeon-in-training
Conversion to open or
placement of additional
ports

Intracperative

complications or blood
transfusion

Mean number of doses of
oral acetominophen per
patient

Mean number of doses of
intramuscular narcotics

per patient
LOS in days

Post-operative
complications (%)
Clavien Grade I - I

Clavien Grade llib

Operative success (%)
Mean follow-up in months

LP;n=22

242 +59
2/22

022

7722

Nil

Nil
38£25
0.15 %050
38+13
4/22 (18)

Prolonged ileus
= 1 Stent-related
un=3

20/22 (91)
40+ 16

RALP; n =24 p-values
225439 025
2/24 093
3/24 009
12/24 021
Nil NA
Nil NA
43+£82 055
004 %020 031
30£03 0009
3/24 (1) 059
Stent-related UTI

=2

Proximal

migration of

Double-J stent =

1

28/24 (96) 0.49
23412 <0001

LR, Iaparoscopic pyeloplasty; RALR robot-assisted laparoscopic. pyeloplasty; OT,
operative time; LOS, length of stay; T}, urinary tract infection; NA, not applicable.
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Series Technique N of Pts. Conversion Failure

rate rate
Chandarasekaram Laparoscopy 11 0 1%
an
Blanc et al. Retroperitoneoscopy 104 3% 2%
(18)
Umaetal.(9) ~ OTAP 155 8% 1%
Minniloetal.  RALP 155 0 3%
(19
Parente et al. Baloon dilatation 50 0 10%

(14)
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Number, n
Male, gender, n (%)

Age, months, median (IQR)
Side, left, n (%)

« Operative duration, min
* Median (IQR)

* Bleeding volume, ml

* Median (IQR)

+ Hospitalization duration, days
* Median (IQR)

DJ, double-J stent; TEUS, trans-uretero-cystic external urethral stent; PU, percutaneous trans-anastomotic; IQR, interquartile range.

“Significant.

DJ group

543
445 (82.0)
57 (14-91)
427 (78.6)

100 (79-130)

10 (5-10)

12 (10-15)

TEUS group

188
147 (78.2)
30(11-83)
146 (77.7)

120 (95-155)

10 (5-10)

15 (14-18)

PU group

107
79(73.8)
48 (13-83)
77(72.0)
115 (90-140)

10 (5-15)

18 (16-20)

p-Value

0.285
0.064
0.285
0.000"

0.000*
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Stent removal time, day (mean  SD)
Compiications, 1 (%)

UTI (CDG I

Urine leakage (CDG Il

Stent drop (CDG )

Omental hernia (CDG )

Paralytic intestinal obstruction (CDG llb)
Recurrence (CDG lib)

DJ, double~J stent; TEUS, trans-uretero-cystic extemal urethral stent; PU, percutaneous trans-anastomotic; UTI, urinary tract infection; CDG, clavien-dindo grading.

“Significant.,

DJ group
(n=543)

285122

24

12 (50)

10 (41.7)
0(0)
0(0)
0(0)

283

TEUS group
(n=188)

74418
23
6(26.1)
6(26.1)
3(18.0)
1(4.35)
1(4.35)
6(26.1)

PU group
(n=107)

109482
9
3(33.3)
4(44.4)
1(11.1)
00
00
1(11.9)

p-Value

0.001*
0.7156
0299

0.007*
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Zhang (18)
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Nation

France
Egypt
India
China
India
China
Egypt
India
China
China
China
China

Year

1999/10-2008/10
2010/06-2012/09
1999/10-2002/03
2012/09-2017/09
2000/01-2009/08
2012/04-2017/03
2002/02-2006/01
2008/01-2012/12
2013/01-2015/01
2011/06-2015/05
2010/01-2012/12
2009-2011

Study
type

RS
RCT
RS
RS
RS
RCT
RCT
RCT
RCT
NRCT
RS
RS

Side:
eft/right

14:17/16:18
/
4:8/7:5
20:8/21:9
16:19/6:7
26:17/23:20
14:6/11:9
31:25/30:26
/
31:25/27:15
22:18/24:16
16:12/13:9

Sex:
male/female

12:19/15:19
11:8/14:5
8:4/9:3
17:11/18:12
25:10/8:4
20:14/31:12
10:10/11:9
32:24/30:26
27:13/26:14
34:22/28:14
22:18/28:12
16:12/9:13

RLP/TLP

Age:

36.94 & 17.92/37.11 £ 16.75
/

26.3 + 10.46/22.9 + 9.87
27.12 + 4.56/28.43 + 3.25
273 +11/32 +10.18
38.18 + 3.05/39.11 £ 3.01
34 +16/29+ 13
24.93 + 3.94/24.79 + 3.96
26.45 + 4.45/26.34 + 4.35
308+ 128272+ 119
22.41 £ 5.18/26.67 + 4.59
30.6 + 13.5/37.5 + 8.25

Mean
follow-up
period

489
10
1

/
22/48
/
20/23
31
20
26/24
18
11/10

Quality
evaluation

High
High
High
High
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Description

Patient
Age at surgery, month, mean D (range)
Gender, No. male/female
Diagnosis
Solitary kidney with UPJO
UPJO with contralateral renal dysplasia
Bilateral UPJO
APD (mm), mean + SD(range)
SFU Grade IIVIV
Split renal function
Renography T1/2 >20min

No.

9
1.62 + 0,54 (0.8-2.6)
63

2
3
4
4.06 £ 0.78(3.4-5.3)
49
036 +0.04
8
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Classification problem Accuracy (%)

Five-way (0 to IV) 51(49-59)
SFUO
SFU 1
SFUIl
SFUIN
SFU IV

Mild (0, 1, 1) vs. Severe (I, IV) 78 (75-82)
Mid
Severe

SFU llvs. SFU I 71 (68-74)
SFUIl
SFU Il

The 95% confidence intervas are given in parentheses,
2\Weighted average.

Sensitivity

0.11(0-0.21)
0.39 (0.35-0.43)
054 (0.43-0.65)
0.65 (0.60-0.70)
0.46 (0.29-0.62)

089 (0.82-0.96)
066 (0.51-081)

0.76 (0.60-0.92)
067 (0.52-082)

Specificity

099 (0.97-1.00)
087 (0.84-0.90)
0.75(0.72-0.79)
0.76(0.74-0.78)
0.96 (0.94-0.98)

066 (0.51-081)
089 (0.82-0.96)

067 (0.52-0.82)
0.76 (0.60-0.92)

PPV

0.26 (0.05-0.47)
039 (0.34-0.44)
0.45 (0.42-0.49)
059 (0.53-0.65)
0.65 (0.54-0.75)

0.75 (0.69-0.81)
0.87 (0.80-0.94)

0.67 (0.59-0.75)
080(0.73-087)

F1

0.49 (0.47-051)°
0.15 (0.01-0.29)
038 (0.35-0.42)
0.48 (0.43-059)
0.61(0.56-0.66)
052 (0.38-0.66)
0.78 0.74-0.82
0.81(0.78-0.84)
0.73 (0.64-0.82)
0.71 (0.68-0.75
069 (0.63-0.75)
0.71 (0.65-0.77)
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Operation time
Conversion to open surgery
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Length of hospital stay
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No.
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Anteroposterior diameter on
renal ultrasound (mm)
(median and IQR)
Functional imaging (N, %)
Renal scintigraphy
MRU
t1/2 (median and IQR)
Spiit renal function on
functional studies (%)
(median and IQR)
Pyelography (N, %)
Antegrade
Retrograde

Preoperative
evaluation

36 (34-50)

3(13.6)
19 (86.4)
40 (35-50)
32 (24-46)

5(2.7)
8(36.4)

Postoperative
evaluation

15 (9-45)

209
10(45.5)
14(18.5-14.5)
33 (21-89)

00
209

p-value
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Initial surgeries
Retroperitoneal laparoscopic pyeloplasty
Open dorsal lumbotomy

Open anterior subcostal incision

Temporizing interventions
Nephrostomy tube
J stent

Endoscopic balloon dilatation
None

Patients (%)

3(13.6)
15 (68.1)
4(18.2)

8(36.4)

5(2.7)
2(9.1)
711.2)
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Age at redo (months)
Weight (kg)

Operative time (min)
Hospital stay (days)
Follow-up duration (months)

Minimum
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Maximum
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50
250
10
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Median

22
10
200
3
29
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Symptoms
ut
Pain
Asymptomatic
Obstruction side: Right/Left
Intraoperative Cause of Failure
1. Adhesions causing obstruction
2. UPJ obstruction
3. Highly inserted ureter
4. Crossing vessels
5. Long segment stricture
6. Twist of the anastomosis
Intraoperative Procedure:
1. Anderson-Hynes technique
2. Ureterocalicostomy
Readmission
Yes
No
Outcome
Success
Failure

Number

10

12
10/12

3

aaa e

20

20

20

Percentage (%)

455
318
182
545
45.5/54.5

455
318
9
45
45
45

90.9
9.1

9.1
90.9
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Q1. Whatis your Q2. What s your Q3. Years of experience Q4. How many cases of
subspecialty? geographical area? in Pediatric Urology hydronephrosis you manage
in a typical week?

Q5. When you deal with a case of 005201 0.00000007 03287 1.955¢-06
hydronephrosis, which is your favorite
classification system?

Q7. Why do you prefer the system you 0.4818 0.07535 07218 02789
use? (you can choose more than one)

Q8. What are the shortcomings of the 09644 03354 06167 06515
system you use? (you can choose more

than one)

Q9. Do you have direct communication 03372 0.001802 01221 0.1835
with your radiology report providers?

Q10. If yes, how often? 04125 0.00004 0938 0.257
Q11. Which is the most frequently used 09974 0.0000005 02386 0.0004758

classification system you see in your

practice (the one most used by your

providers)? (you can choose more than

one)

Q12. Did you attempt to build a common 0.1706 0.001403 0.008423 0.4134
language for description of hydronephrosis

among your own team?

Q13. Are you available to change your 0586 0.1987 0.0403 0.6104
preference in case the majority of Pediatric

Urologist prefers another grading system?

We see that the responses to question Q5 depend on the demographic variables Q2 and Q4. Q9 is dependent on Q2. Q10 depends on Q2. The answers to Q11 depend on Q2 and
Q4 while the answers to Q12 are associated with Q2 and Q3. Finally, the categories taken by Q13 depends on the categories taken by Q3. Bolded P values < 0.005.
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Very useful (x4)  Somewhat Minimally Useless (x1) SCORE Not known

useful (x3) useful (x2)
Mild-moderate-severe system 46 (184) 125 (375) 129 (258) 53 870 5
Pelvic AP Diameter measurements 184 (736) 137 (411) 31(62) 4 1,213 2
Society of Fetal Urology system (1) 191 (764) 125 (375) 24 (48) 2 1,189 8
ESPR Pediatric Uroradiology Working 29(116) 138 (276) 63 (126) 10 528 112
Group grading (2)
Onen grading system (3) 22(88) 120 (360) 64.(128) 17 503 127
Urinary Tract Dilation (UTD) classification 113 (452) 142 (426) 51(102) 984 a4
system (4)

Bolded values of higher significance.
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Description Pre-operation 6th month 12th month p-value

APD (mm) 406078 097 +0.16 086+012 <0.01
Split renal function 036004 053005 058+004 <001
Renography T1/2 <10min 0 8 9 <001
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Ultrasound findings

Anterior-posterior renal pelvis diameter (APRPD)
Calyceal diatation

Central

Peripheral

Parenchymal thickness

Parenchymal appearancefechogenicity, corticomedular
differentiation, pericortical cysts, urinoma)

Ursters)

Bladder

Oligohydramnios

Time at presentation

16-27 weeks 228 weeks
<4mm <7mm
No No

No (f yes high risk) No (f yes high risk)

Normal Normal
Normal Normal
Normal Normal
Normal Normal
No No

Postnatal (>481)
<10mm

No

No (if yes high risk)

Normal
Normal

Normal
Normal
NA
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Comparison of hydronephrosis grading systems
SFU- 1993 ONEN-2007 | RAD-2008 | UTD-2014 | ONEN-2016

/ﬂer\alve\nsdﬂay Onen-1: Pelvis dilated RAD-1: UTD-P1: Peis ited Onen-1: Pelvis dilated

Pelvis dilated (AP =5-7mm)

: Extrarenalpeiis
dilated. Major calices dilated

- e \ 4
y N 7 N y /

Onen-2: Calices dilated UTD-P2: Calices dilated Onen-2: Calices dilated
. y

G 4

SFU-III: Minor calices dilated RAD-3:
Minor calices dilated (AP > 10 mm)

‘\\
_ / ) e Onon-3: Medulla thin
. / 3 Prenata 2 timaste: 25 mm
p AL ot ? st 23

timaster: 2.5-6 mm
Onon-3: « 12 parenchymaloss al

\
SFU-IV: Parenchyme thin \

. " utop3: Parenchyme thin

Onen-a: > 172 pareachymal loss RAD-5: Major parenchymal loss

Prenatal 3 trimaster: < 2.5 mm
Posnatal period: < 3mm
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Degree of ANH APD at 2nd trimester APD at 3rd trimester

Mid 4-7mm 7-9mm
Moderate 7-10mm 9-16 mm

Severe >10mm >15mm
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SFU grade 0
SFU grade 1
SFU grade 2
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SFU grade 3

SFU grade 4

Pattern of renal sinus

No splitting
Urine in pelvis barely splits sinus
Urine flls intrarenal pelvis

Urine fils extrarenal pelvis, major (central)
calyces diated

SFU G2 and minor (peripheral) calyces
uniformly dilated and parenchyma preserved

SFU G3 and parenchyma thin
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SFU grading of affected kidney on ultrasound

Normal

SFU Grade 1
SFU Grade 2
SFU Grade 3
SFU Grade 4

AAPD measurement of affected kidney on
ultrasound

<5mm
5-10mm
11-15 mm
16-19 mm
=20 mm

Absolute percentage difference between the
ipsilateral and contralateral renal lengths |[100% *
(Ipsilateral Renal Length- Contralateral Renal
Length)/Ipsilateral Renal Length]|

<5%
5%-10%
119%-15%
169%-19%
>20%

Each parameter is assigned a score from 0 to 4, 0 being least severe and 4 being most.
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