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Presence of a Novel Anatomical Structure May Cause Bleeding When Using the Calyx Access in Mini-Percutaneous Nephrolithotomy
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Background: Fused renal pyramid (FRP) is a kidney anatomical structure which was first identified by us. The vascular anatomy of FRP exhibits different from that of the normal renal pyramid (NRP), manifested by the distribution of the ectopic interlobar arteries in FRP. In this study, we analyzed the effect of FRPs on bleeding when using calyx access in mini-percutaneous nephrolithotomy (PCNL).



Patients and Methods: Overall, 633 patients who underwent ultrasound-guided single-tract mini-PCNL were divided into two groups according to the puncture method used: in group A, puncture was performed through the axial direction of the renal calyx, the line from the apex of the fornix to the center of the neck plane under B-mode ultrasound guidance; and in group B, Doppler ultrasound-guided axillary puncture through calyces corresponding to NRPs when the plane of renal column blood vessels on both sides was selected or calyx puncture through the hypovascular area of the FRPs. Relevant demographic and clinical data were retrospectively analyzed.



Results: The two groups exhibited similar baseline characteristics. No significant differences were found in hemoglobin reduction, puncture site, tract size, postoperative creatinine level, or stone-free rate between the two groups (P > 0.05). Blood transfusion and embolization rates in group B were significantly lower than those in group A (P = 0.03 and 0.045, respectively). No differences were found between the two groups in terms of persistent pain, hydrothorax, fever, subcapsular hematoma, and urosepsis (P > 0.05). The overall complication rate was not significantly different between the two groups (P = 0.505).



Conclusions: FRP is a non-negligible anatomical structure that may cause hemorrhage when using calyx access. Doppler ultrasound can identify ectopic blood vessels in FRPs to reduce bleeding during calyx access in mini-PCNL procedures.
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INTRODUCTION

Percutaneous nephrolithotomy (PCNL) is a minimally invasive modality that is widely used for the management of upper urinary tract stones and is recommended as the first-line treatment for staghorn stones in most patients (1, 2). Although mini-PCNL, which is defined as a tract size between 14 and 22 Fr, has become mainstream and the development of access miniaturization in the past two decades has significantly reduced surgical injury (3), bleeding remains one of the most common complications of PCNL, with some contemporary series reporting a blood transfusion rate of 3%–6% (4–6). PCNL-related renal hemorrhage can be caused by various factors, with vascular injury to the renal parenchyma being the most direct cause (7).

The relationship between the collecting system and vascular anatomy is the basis for establishing safe access, and choosing an appropriate puncture pathway can help reduce bleeding (8, 9). Currently, the renal calyx serves as a puncture landmark irrespective of whether ultrasound or fluoroscopy is used for PCNL access (10, 11). The neck-fornix axis line of the calyx is considered a safe puncture path because, theoretically, it coincides with the centerline of the renal pyramid, which is the minimum injury line to the renal interlobar artery during puncture according to an anatomical study of cadaveric kidneys by Sampiao et al. (11). However, although puncture at the axis line of the calyx has been widely used, severe bleeding occurs occasionally (8, 12).

The renal pyramid is generally considered to be a relatively hypovascular area. There are two different types of renal pyramids: the normal renal pyramid (NRP) and the fused renal pyramid (FRP). The NRP exhibits a one-to-one anatomical relationship with the simple minor renal calyx, whereas the FRP refers to two or more adjacent pyramids fused in the renal medulla, which enter the compound minor renal calyx together. The FRP is an anatomical structure of the kidney that we first identified, with a vascular anatomy distinct from that of the NRP due to the distribution of the ectopic interlobar artery inside it (Figures 1A–C). Additionally, in a previous study, we observed that by simulating percutaneous access in a porcine kidney, vascular damage caused by puncture of the centerline of the FRP was more significant at the pathological level, and puncturing from the side pyramid of the FRP could effectively avoid the ectopic interlobar artery in the FRP (13).
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FIGURE 1 | (A) FRP in a nephrectomy specimen. There are two papillae entering a compound calyx. The red circle indicates the FRP. (B) FRP in a human kidney. There are two renal pyramids fused into one FRP. The white arrow indicates the interlobar blood vessel distributed in the FRP. (C) NRP in a human kidney. The white arrow indicates the interlobar artery distributed in the renal column. FRP, fused renal pyramid; NRP, normal renal pyramid.


The ultrasound-guided puncture procedure in our research center uses a calyx access. The calyx corresponding to the FRP is a well-described concept of the compound calyx. FRP challenges the existing method of puncture using the calyx axis, and it remains to be determined whether axial puncture is equally safe for the compound calyx. Our hypothesis is that the abnormal vascular anatomy of the FRP may have an impact on the choice of puncture pathway when using the calyx access in mini-PCNL. In this study, we used color Doppler ultrasonography to identify vessels in FRP to adjust the puncture pathway in mini-PCNL procedures and compared the procedure with previous puncture methods to assess the possible effect of FRP on calyx puncture and its clinical value.



PATIENTS AND METHODS


Mini-PCNL Using Different Puncture Methods Under Ultrasound Guidance

We retrospectively reviewed an institutional review board-approved clinical database of endourological procedures and identified consecutive patients diagnosed with kidney stones or upper ureteral stones who underwent ultrasound-guided mini-PCNL in the prone position over a 3-year period (January 2018 to June 2021). Individuals aged <18 years, those who underwent second-stage PCNL or surgery through preoperative indwelling accesses, and those with multiple tracts, anatomical kidney abnormalities (such as horseshoe kidney and ectopic kidney), and coagulation dysfunction were excluded. This study was reviewed and approved by the Ethics Review Committee of the Clinical Study of Renmin Hospital of Wuhan University, and written informed consent was waived by the IRB (approval no. WDRM2019-K030).

A total of 633 patients who met the inclusion criteria were included in this study and divided into two groups according to the different puncture methods used in different periods (Figure 2). Case data that fulfilled the research requirements were divided into two groups based on the different intraoperative puncture methods used during different periods. From January 2018 to June 2019, puncture was performed through the axial direction of the renal calyx, the line from the apex of the fornix to the center of the neck plane, under B-mode ultrasound guidance (Supplementary Figure S1) (group A). Following the discovery and characterization of the FRP structure, the puncture method was adjusted accordingly under ultrasound guidance. From July 2019 to June 2021, a calyx puncture was performed under Doppler ultrasound guidance to avoid the blood vessels in the pyramid (group B). First, the target calyx was identified on B-mode ultrasound, and then the probe was rotated to locate the plane of coincidence between the target calyx and vessels of the renal columns on both sides. When there was no obvious blood vessel distribution in the pyramid corresponding to the punctured calyx, we rotated the ultrasound probe to ensure that the target calyces and both renal column vessels were in the same plane, and the plane was fixed and punctured in the axial direction of the target calyx (Figures 3A,B). If there was a significant blood flow in the puncture path, the probe was moved laterally until there was no significant blood flow in the puncture line. Subsequently, puncture was performed through the hypovascular area on the side of the FRP to avoid blood vessels (Figures 3C–E). Ultimately, we performed a total of 61 (21.3%) calyx punctures through the hypovascular area of the FRPs on patients in group B.
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FIGURE 2 | Flow diagram of excluded and grouped patients. NRP, normal renal pyramid; FRP, fused renal pyramid.
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FIGURE 3 | (A) NRP and the simple calyx in Doppler ultrasound. There are blood flow signals in the renal columns on either side of the NRP. The white arrow indicates the NRP. (B) Schematic representation of the axial puncture of the calyx corresponding to NRP. (C,D) FRP and the compound calyx in B-mode ultrasound and Doppler ultrasound. The white arrow indicates the FRP. Color flow signals exist within FRP. (E) Schematic representation of calyx puncture through the hypovascular area of the FRP. NRP, normal renal pyramid; FRP, fused renal pyramid.


All patients underwent standard preoperative evaluation, including history, physical examination, computed tomography (CT) urography, and laboratory investigations, including urine culture. Some patients with renal insufficiency are diagnosed using non-contrast CT and renal radionuclide dynamic imaging. Patients with tract infections were treated routinely with culture-appropriate antibiotics up to the day of the procedure.



Surgical Technique

After the induction of general anesthesia, the patient was placed in the lithotomy position, and a 5–7-F ureteric catheter was inserted retrogradely into the affected side. The patient was then repositioned to the prone position. According to the distribution of stones and the morphology of the collection system in preoperative CT images, ultrasound was used to determine the target renal calyces. In patients with multiple stones, the choice of the target calyx was aimed at creating access that could reach all calyces that contained stones.

An 18-gauge coaxial needle was inserted into the skin under real-time ultrasound guidance using a freehand technique. The direction of the puncture needle was adjusted before the tip penetrated the kidney parenchyma. After determining kidney movement with respiration, the needle was advanced to accurately puncture the target calyx according to a predetermined path. In actual operations, adverse effects caused by the position of the ribs and the direction of the renal calyx are often observed. Generally, a small deviation from the direction of the predetermined path does not negatively affect the overall procedure; however, the puncture should be as close as possible to the predetermined path.

Successful placement was assumed when there was free flow of irrigation fluid from the needle hub after removal of the stylet. A 0.089-cm flexible-tip U-shaped guidewire was inserted through the needle sheath into the collecting system. Tract dilatation was performed serially using fascial dilators with appropriate access sizes. A Karl Storz nephroscope was used for mini-PCNL. Holmium lasers were used for stone fragmentation. A double-J tube and nephrostomy tube were inserted per routine postoperatively. In this study, surgery was performed by only four experienced surgeons (F.C., WM.Y., T.R., and Y.R.), who are skilled in ultrasound-guided mini-PCNL. Each had performed >300 mini-PCNL procedures during their careers (14, 15).



Postoperative Evaluation

A decrease in hemoglobin (Hb) level was determined by comparing the preoperative HB level with that at 24 h postoperatively. If intraoperative bleeding occurred, the Hb level at the emergency postoperative checkup prevailed. An Hb level ≤80 g/L is the critical value for postoperative whole blood transfusion therapy. Before discharge or second-stage surgery, patients underwent kidney-ureter-bladder radiography or non-contrast CT to assess the stone-free rate (SFR), defined as no residual fragments ≥0.4 cm (16). Shockwave lithotripsy, flexible ureteroscopy, and second-stage mini-PCNL are auxiliary procedures for managing significant residual stones (17). Postoperative complications were classified according to the modified Clavien-Dindo classification (18).



Statistical Analysis

Statistical analysis was performed using Statistical Package for the Social Sciences version 25.0. Continuous variables are presented as mean ± standard deviation and analyzed using one-way analysis of variance and Student’s t-test. Enumeration variables, presented as numbers and percentages, were analyzed using the chi-squared test and Fisher’s exact test. Differences were considered statistically significant at P < 0.05.




RESULTS

The baseline characteristics of the patients and their operative and postoperative characteristics are summarized in Table 1. The stone size was significantly larger in group B than in group A (P = 0.037); all other patients’ demographic variables and preoperative clinical characteristics were comparable between the two groups.


TABLE 1 | Patients’ demographic, operative and postoperative clinical characteristics.
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We compared the operative and postoperative characteristics of groups A and B. The decrease in Hb level in group B was lower than that in group A. However, there was no statistically significant difference between the two groups in terms of the mean postoperative Hb level (P = 0.527). No significant differences were found in puncture site, tract size, postoperative creatinine level, or SFR between the two groups (P > 0.05).

Clavien–Dindo grade complications are summarized in Table 2. Blood transfusion and angioembolization rates were significantly lower in group B than in group A (P = 0.03 and 0.045, respectively). No differences were found between the two groups in terms of persistent pain, hydrothorax, fever, subcapsular hematoma, and urosepsis (P > 0.05). None of the patients in group B experienced septic shock. The overall complication rate was not significantly different between the two groups (P = 0.505).


TABLE 2 | Comparison of postoperative complications stratified according to puncture method, N (%).
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DISCUSSION

With advances in technology and equipment, PCNL-related complications have reduced significantly; nevertheless, severe bleeding occurs occasionally, and considerably affects surgical efficacy and patients’ prognosis (7). Severe PCNL-related renal hemorrhage is usually associated with injury to the segmental and interlobar arteries in the renal parenchyma, and venous bleeding is easily controlled using conservative measures (19).

Calyx puncture itself is beneficial for reducing injury to the blood vessels in the renal column. In PCNL, the anatomical basis of the renal artery and collection system is used to select the center of the renal pyramid rather than the renal column or infundibulum as the puncture site, because the renal pyramid does not contain blood vessels traveling through it. Therefore, B-mode ultrasound-guided puncture is feasible because no vascular damage needs to be considered when puncturing the renal pyramid. After our extensive study of the FRP, we realized that the traditional anatomical experience needed to be updated and that the presence of blood vessels traveling within fused pyramids was key to its differentiation from NRPs, and that color Doppler will play a role in detecting blood vessels. Because there is little to no vascularity in normal pyramids, if color Doppler detects blood flow, the renal pyramid must be the FRP. In group B, axis puncture of the normal calyx and hypovascular area puncture of the compound calyx were performed to exploit the advantages of Doppler to avoid ectopic blood vessels in the pyramid. Additionally, although the stone was larger in group B, the incidence of bleeding-related complications was significantly decreased, which may be related to technological advances including puncture methods.

Based on the safety principles for renal vascular anatomy, percutaneous renal puncture is usually performed in less vascular areas (20). For NRP, a puncture through the axis line of the simple calyx under ultrasound guidance can reduce vascular injury and bleeding; however, the opposite is true for FRP. Taking the axis line of the compound calyx as a puncture path, it may pass through the vascular variation area inside the FRP. Although puncture does not necessarily directly damage the interlobular vessels within the FRP, tract dilation and movement of the mirror sheath can increase the risk of bleeding, as the FRP itself is a vascular distribution area. This may be an anatomical cause of overt bleeding due to a seemingly precise calyx puncture. Although fusion of three or more pyramids rarely occurs, especially in the middle group calyces (13), the use of Doppler ultrasound to adjust the puncture path to avoid ectopic blood vessels can reduce bleeding.

The contrast of the renal pyramid is not obvious on ultrasound, and an FRP, in the anatomical sense, is difficult to identify using B-mode ultrasound alone. Doppler ultrasound is more sensitive to blood vessels and can fully depict the distribution of kidney arteries, such as the renal segmental, interlobar, and cortical arteries (21), and is an effective imaging modality that can identify the blood vessels distributed in the renal column and FRP (Supplementary Figure S2). Fluoroscopy can clearly depict the shape of the intact collecting system, which is highly effective for puncturing the non-dilated calyx and improving the puncture success rate (22). However, it is difficult to identify ectopic blood vessels using fluoroscopy alone. Therefore, the positive results of this study are difficult to replicate by using fluoroscopy-guided puncture alone. Contrast-based CT clearly depicted the FRP in the cortical phase and fully displayed the morphology of the renal calyx in the secretory phase (Supplementary Figure S3), which is clinically significant for planning the puncture path before surgery.

Currently, some researchers believe that non-papillary puncture is as safe as papillary puncture, illustrating that the bleeding rate of the two puncture pathways did not differ statistically, and that the bleeding rate of non-papillary puncture was close to that reported in the literature for papillary puncture (23–25). Based on our preliminary autopsy of cadavers, we found that the prevalence of FRP in human kidneys is not low (13). This indicates that some papillary punctures actually involve puncture of the FRP and explains why bleeding still occurs according to calyx axis puncture. Furthermore, papillary puncture may not always be equivalent to hypovascular puncture, and this adds to the uncertainty of papillary puncture bleeding. The bleeding rate of papillary puncture may be amplified in the absence of knowledge of the presence of FRPs. In other words, in the presence of FRP, papillary punctures face a very similar vascular anatomic environment to that of non-papillary punctures. Our study is important because it refines the principles of calyx access, as the current principles of papillary puncture are imperfect and do not consider the structural variations that are common in the human kidney.

We propose the concept of FRP for the first time. FRP is a new anatomical variation that increases the risk of bleeding when using calyx access in PCNL, suggesting that calyx puncture needs to be more refined and timelier adjusted according to the vascular anatomy of the renal pyramids. Furthermore, this study is the first to demonstrate that identifying blood vessels within the FRP using color Doppler ultrasound and designing a safe puncture pathway can reduce the occurrence of bleeding, which may help urologists to further reduce bleeding complications associated with mini-PCNL in the future. Overall, this study extends the role of kidney-related anatomy in PCNL by providing new insights into reducing calyx access-related bleeding.

The present study has several limitations. First, this was a retrospective, single-center study. Conducting prospective studies will obtain more comprehensive evidence to support our conclusions, which is in our plan. Second, although we were proficient in the related operations of ultrasound-guided calyx puncture before starting this study, advances in technology and equipment may have had an impact on our results. Third, although our study center can accurately identify ectopic vessels in FRP using color Doppler ultrasound, other study centers may not be able to replicate this result without a specific focus on FRP. It is important to note that although the objective fact that FRP may increase the risk of vascular injury during calyx access cannot be ignored, the presence of this risk does not necessarily mean that bleeding must occur. The use of color Doppler ultrasonography to identify the plane of lack of vessels that can avoid vessels within the FRP for puncture is an effective strategy that can minimize bleeding due to the application of the renal calyx pathway.



CONCLUSIONS

Although the safety of calyx axis puncture is more widely recognized, FRP cannot be ignored as new anatomical evidence that may cause bleeding when using calyx access, indicating that the establishment of percutaneous access requires a more refined approach to the vasculature and specific anatomy of the kidney. Doppler ultrasound may be a reliable tool for puncture guidance that can identify ectopic blood vessels in the FRP and help adjust the puncture path in time to reduce bleeding when performing calyx access in mini-PCNL procedures.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of the Renmin Hospital of Wuhan University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

FYL and BJL collected and analyzed the data, and wrote the manuscript. FYL and BJL contributed equally to the work as co-first authors. TR and YR conceptualized the figures and tables. SL, WMY, and FC revised the manuscript. WMY and FC are the corresponding author. All authors contributed to the article and approved the submitted version.



FUNDING

This work was funded by the National Natural Science Foundation of China (No. 82170775; No. 82100806) and Science and Technology Major Project of Hubei Province (No. 2020BCB017; No. 2019AEA170).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.942147/full#supplementary-material.



REFERENCES

1. Ghani KR, Andonian S, Bultitude M, Desai M, Giusti G, Okhunov Z, et al. Percutaneous nephrolithotomy: update, trends, and future directions. Eur Urol. (2016) 70(2):382–96. doi: 10.1016/j.eururo.2016.01.047

2. Türk C, Petřík A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU guidelines on interventional treatment for urolithiasis. Eur Urol. (2016) 69(3):475–82. doi: 10.1016/j.eururo.2015.07.041

3. Gao X, Hu X, Wang W, Chen J, Wei T, Wei X. Mini-percutaneous nephrolithotomy versus shock wave lithotripsy for the medium-sized renal stones. Minerva Urol Nephrol. (2021) 73(2):187–95. doi: 10.23736/S2724-6051.21.04185-0

4. Ruhayel Y, Tepeler A, Dabestani S, MacLennan S, Petřík A, Sarica K, et al. Tract sizes in miniaturized percutaneous nephrolithotomy: a systematic review from the European association of urology urolithiasis guidelines panel. Eur Urol. (2017) 72(2):220–35. doi: 10.1016/j.eururo.2017.01.046

5. Mishra S, Sharma R, Garg C, Kurien A, Sabnis R, Desai M. Prospective comparative study of miniperc and standard PNL for treatment of 1 to 2 cm size renal stone. BJU Int. (2011) 108(6):896–9; discussion 899–900. doi: 10.1111/j.1464-410X.2010.09936.x

6. Brodie KE, Lane VA, Lee TW, Roberts JP, Raghavan A, Hughes D, et al. Outcomes following ‘mini’ percutaneous nephrolithotomy for renal calculi in children. A single-centre study. J Pediatr Urol. (2015) 11(3):120.e1–5. doi: 10.1016/j.jpurol.2014.09.008

7. Akman T, Binbay M, Sari E, Yuruk E, Tepeler A, Akcay M, et al. Factors affecting bleeding during percutaneous nephrolithotomy: single surgeon experience. J Endourol. (2011) 25(2):327–33. doi: 10.1089/end.2010.0302

8. Armas-Phan M, Tzou DT, Bayne DB, Wiener SV, Stoller ML, Chi T. Ultrasound guidance can be used safely for renal tract dilatation during percutaneous nephrolithotomy. BJU Int. (2020) 125(2):284–91. doi: 10.1111/bju.14737

9. Grosso AA, Sessa F, Campi R, Viola L, Polverino P, Crisci A, et al. Intraoperative and postoperative surgical complications after ureteroscopy, retrograde intrarenal surgery, and percutaneous nephrolithotomy: a systematic review. Minerva Urol Nephrol. (2021) 73(3):309–32. doi: 10.23736/S2724-6051.21.04294-4

10. Tzeng BC, Wang CJ, Huang SW, Chang CH. Doppler ultrasound-guided percutaneous nephrolithotomy: a prospective randomized study. Urology. (2011) 78(3):535–9. doi: 10.1016/j.urology.2010.12.037

11. Sampaio FJ, Zanier JF, Aragão AH, Favorito LA. Intrarenal access: 3-dimensional anatomical study. J Urol. (1992) 148(6):1769–73. doi: 10.1016/S0022-5347(17)37024-6

12. Zeng GH, Liu Y, Zhong W, Fei X, Song Y. The role of middle calyx puncture in percutaneous nephrolithotomy: relative factors and choice considerations. Minerva Urol Nefrol. (2015) 67(4):335–45. doi: 10.3389/fsurg.2021.701207

13. Lin F, Yu W, Rao T, Ning J, Ruan Y, Xia Y, et al. The anatomic structure of a fused renal pyramid and its clinical significance in the establishment of percutaneous renal access. Urology. (2019) 124:38–45. doi: 10.1016/j.urology.2018.11.004

14. Yu W, Ruan Y, Xiong Z, Zhang Y, Rao T, Cheng F. The outcomes of minimally invasive percutaneous nephrolithotomy with different access sizes for the single renal stone ≤25 mm: a randomized prospective study. Urol Int. (2021) 106:440–5. doi: 10.1159/000517542

15. Yu W, Rao T, Li X, Ruan Y, Yuan R, Li C, et al. The learning curve for access creation in solo ultrasonography-guided percutaneous nephrolithotomy and the associated skills. Int Urol Nephrol. (2017) 49(3):419–24. doi: 10.1007/s11255-016-1492-8

16. De S, Autorino R, Kim FJ, Zargar H, Laydner H, Balsamo R, et al. Percutaneous nephrolithotomy versus retrograde intrarenal surgery: a systematic review and meta-analysis. Eur Urol. (2015) 67(1):125–37. doi: 10.1016/j.eururo.2014.07.003

17. Manikandan R, Mittal JK, Dorairajan LN, Mishra AK, Sreerag KS, Verma A. Endoscopic combined intrarenal surgery for simultaneous renal and ureteral stones: a retrospective study. J Endourol. (2016) 30(10):1056–61. doi: 10.1089/end.2016.0329

18. de la Rosette JJ, Opondo D, Daels FP, Giusti G, Serrano A, Kandasami SV, et al. Categorisation of complications and validation of the Clavien score for percutaneous nephrolithotomy. Eur Urol. (2012) 62(2):246–55. doi: 10.1016/j.eururo.2012.03.055

19. Zeng G, Zhao Z, Wan S, Khadgi S, Long Y, Zhang Y, et al. Failure of initial renal arterial embolization for severe post-percutaneous nephrolithotomy hemorrhage: a multicenter study of risk factors. J Urol. (2013) 190(6):2133–8. doi: 10.1016/j.juro.2013.06.085

20. Yan S, Xiang F, Yongsheng S. Percutaneous nephrolithotomy guided solely by ultrasonography: a 5-year study of >700 cases. BJU Int. (2013) 112(7):965–71. doi: 10.1111/bju.12248

21. Lu MH, Pu XY, Gao X, Zhou XF, Qiu JG, Si-Tu J. A comparative study of clinical value of single B-mode ultrasound guidance and B-mode combined with color doppler ultrasound guidance in mini-invasive percutaneous nephrolithotomy to decrease hemorrhagic complications. Urology. (2010) 76(4):815–20. doi: 10.1016/j.urology.2009.08.091

22. Zhu W, Li J, Yuan J, Liu Y, Wan SP, Liu G, et al. A prospective and randomised trial comparing fluoroscopic, total ultrasonographic, and combined guidance for renal access in mini-percutaneous nephrolithotomy. BJU Int. (2017) 119(4):612–8. doi: 10.1111/bju.13703

23. Kallidonis P, Kyriazis I, Kotsiris D, Koutava A, Kamal W, Liatsikos E. Papillary vs nonpapillary puncture in percutaneous nephrolithotomy: a prospective randomized trial. J Endourol. (2017) 31(S1):S4–9. doi: 10.1089/end.2016.0571

24. Kallidonis P, Liatsikos E. Papillary puncture: no way!. World J Urol. (2018) 36(1):155–6. doi: 10.1007/s00345-017-2111-8

25. Kallidonis P, Vagionis A, Vrettos T, Adamou K, Pagonis K, Ntasiotis P, et al. Non papillary mini-percutaneous nephrolithotomy: early experience. World J Urol. (2021) 39(4):1241–6. doi: 10.1007/s00345-020-03267-z


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lin, Li, Rao, Ruan, Yu, Cheng and Larré. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fsurg-09-942147-g003.jpg





OPS/images/Table_2.jpg
Complications Clavien-Dindo grade GroupA Group B P

Persistent pain | 7@0%) 8@8%) 0604
Hydrothorax | 6(17%) 7(@24%) 0582
Subcapsular haematoma I 17 @4.9%) 13 (4.5%) 0.853
Blood transfusion I 18(6.2%) 3(1.0%) 0.003
Angioembolisation b 8@23%) 1(035%) 0.045
Fever (-38.5°C) | 20 (5.8%) 14 (4.9%) 0.724
Urosepsis. Na 9@6%) 11(3.8%) 0.495
Septic shock o 5(14% 0 /

Overall complications. =i 35 (10.1%) 27 9.4%) 0.790

[ 20 (5.8%) 13 (45%) 0.591






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Presence of a Novel Anatomical Structure May Cause Bleeding When Using the Calyx Access in Mini-Percutaneous Nephrolithotomy

		Introduction



		Patients and Methods



		Mini-PCNL Using Different Puncture Methods Under Ultrasound Guidance



		Surgical Technique



		Postoperative Evaluation



		Statistical Analysis











		Results



		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		References



















OPS/images/cover.jpg
’ frontiers
in Nutrition

Presence of a Novel Anatomical Structure
May Cause Bleeding When Using the Calyx
Access in Mini-Percutaneous Nephrolithotomy





OPS/images/Table_1.jpg
Characteristics Group A Group B P
Number of patients U6 287
Age, years, mean (SD) 556 (12.0) 546 (11.7) 0292
Gender-male/female, n 217129 174113 0622
Stone size-maximal diameter, cm 207 (099 2.24.(1.05) 0037
Lateralty-leftright, n 178/ 151/136 0811
Stone type, n (%) 0226
Single 116 (383.5%) 96 (33.4%)
Muttiple 199 (67.5%) 158 (65.1%)
Staghom 31 ©.0%) 33 (1.5%)
Stone location, n (%) 0293
Calyx 159 46.0%) 126 43.9%)
Pelvis 116 (383.5%) 107 (67.3%)
Upper ureter 71 205%) 54(18.8%)
Grade of hydronephrosis, n (%) 0246
None or mild 183 (52.9%) 146 (509%)
Moderate 71 20.5%) 77 26.8%)
Severe 92 (26.6%) 64 22.3%)
Comorbidities, n (%)
Hypertension 110 318%) 113 (39.4%) 0.186
Diabetes melitus. 33 ©.5%) 38 (13.2%) 0.164
Hyperuricemia 20 (5.8%) 24 .4%) 0213
Previous stone surgery 108 (312%) 107 (87.3%) 0.110
Preoperative serum creatinine level, pmol/L, mean (SD) 828 402) 823 405) 0.787
Puncture sites, n (%) 0.285
Upper calyx 18 6.2%) 14 @.9%)
Middie calyx 277 @01%) 234 81.5%)
Lower calyx 51(14.7%) 39 (13.6%)
Tract size, n (%) 0.236
16Fr 54(15.6%) 60 20.9%)
18Fr 206%) 3(1.0%)
20Fr 255 (73.7%) 206 (71.8%)
20Fr 35 (10.1%) 18 6.3%)
Postoperative serum creatinine level, pmoliL, mean (SD) 846 425) 8340412 0472
Hb drop, /L, mean (SD) 12.68 (9.80) 12,07 @.01) 0527
Stone free after one stage operation, n (%) 248 (T1.7%) 213 742%) 0530
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