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Background

Horseshoe kidney (HSK) has always been a challenge for urologists depending on its particular anatomy. We report a case of renal tumor in a patient with HSK, who underwent tumor resection by retroperitoneal robot-assisted laparoscopic partial nephrectomy.



Case Presentation

A 47-year-old man with HSK presented to our hospital with a solid renal mass. Computed tomography urography (CTU) showed a 4.3 × 4.4-cm mass in the upper pole of the right kidney. The patient received retroperitoneal robot-assisted laparoscopic partial nephrectomy on the basis of CT three-dimensional (3D) reconstructions.



Conclusion

The present case report highlights the feasibility of retroperitoneal robot-assisted laparoscopic partial nephrectomy for horseshoe kidney and the advantages of preoperative CT scan with three-dimensional reconstructions.
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Introduction

Horseshoe kidney (HSK) is an anatomical deformity, which originates from renal fusion anomaly (1). Over the past 10 years, the therapeutic treatments of renal tumor associated with HSK are rarely reported. Furthermore, treatments correlative with robot-assisted laparoscopic surgery are seldom (2, 3). Vascular distribution of HSK can be diverse and provides one of the greatest challenges to the surgeon.

Recently, CT three-dimensional (3D) reconstructions have become a hot spot in partial nephrectomy, and several cases were reported to describe its significant effect in selective artery clamping and renal parenchyma protection. Moreover, all cases indicated that this reconstruction technique contributed to renal function (4–6). In general, CT three-dimensional reconstruction is more suitable for tumors associated with HSK because of its complex vascular anatomy. Theoretically, appropriate artery clamping can protect renal function to a maximum for this kind of disease.

We describe here a case of a clear cell carcinoma located on a HSK that was successfully treated with robot-assisted partial nephrectomy. Besides, we emphasize the utility of 3D CT scan images in selective artery clamping and surgery planning aiming at propagating the experiences of our center for curing this rare disease.



Case Presentation

A 47-year-old man was referred to our clinic with HSK because of a solid renal mass measuring 4.1 cm × 4.3 cm incidentally found on CT. The tumor HU values on a plain CT scan were 40 ± 11.7 HU. The patient had no hematuria and loin pain. A blood test revealed leukocytosis [12.51 × 109 white blood cells (WBC)/L], while other laboratory tests were all negative, such as urine culture and cytology. The chest CT revealed no abnormalities. In addition, the patient had a medical history of hypertension and cerebral ischemia.

Preoperative CTU showed a fusion anomaly in the lower pole of both kidneys and a 4.3 × 4.4-cm mass in the upper pole of the right kidney (Figure 1A). CT angiography (CTA) was performed with contrast medium, revealing that one artery supplied the isthmus from the abdominal aorta and no other obvious abnormalities were observed in both renal arteries (Figures 1B, 2B). On CT three-dimensional reconstructions, the right renal artery had three branches, one of which supplied the mass (Figure 2A). Based on these results, we evaluated the complexity of the tumor (cT1bN0M0; R.E.N.A.L. nephrometry score: 3 + 1 + 2 + 3 = 9p).




Figure 1 | Kidney CTA of the patient. (A) A 4.3-cm mass is located in the right kidney (red square). (B) Axial section reveals the vascular supply of the isthmus.






Figure 2 | 3D reconstructions of the patient. (A) A branch artery from the right renal artery supplies the mass (green arrow). (B) One artery arising from the abdominal aorta supplies the isthmus (green arrow) (orange: renal tumor, gray: kidney, red: artery).



A surgical procedure was performed using da Vinci robot-assisted laparoscopic partial nephrectomy (da Vinci X). The patient was placed in the left lateral decubitus position (full flank position). We performed the surgical procedure through retroperitoneal access and four trocars (Figure 3). The skin was incised at the costal margin on the posterior axillary line (Figure 3), and the retroperitoneal space was created by compressing the balloon dilator. A 12-mm trocar was placed 5 cm above the iliac crest in the midaxillary line for placement of the laparoscope. The robotic trocar was placed 2 cm below the costal margin of the anterior axillary line, 2 cm below the costal margin of the midaxillary line, and 2 cm below the costal margin of the posterior axillary line, respectively. The distance between each trocar was approximately 8 cm. Then, the surgeon cleaned the extraperitoneal fat and opened the perirenal fascia. By removing perirenal fat, the two renal arteries were exposed (Figure 4A). The tumor, about 3 * 3 cm in size, was located at the upper pole of the kidney (Figure 4B). The adipose tissue around the mass was dissociated and the adipose tissue on the surface of the tumor was retained. According to the applied three-dimensional reconstructions, the two renal arteries were blocked (Figure 4C). Next, the surgeon removed the tumor along the edge of the tumor, and the resection edge was at least 0.5 cm from the tumor margin. The wound was closed with barbed suture and continuous suture. The suture direction was to enter from the renal sinus and collector system and to exit from the surface of the renal parenchyma (Figure 4D). A drainage tube was placed in the incision above the iliac crest of the right midaxillary line. The surgery lasted for approximately 150 min and warm ischemia time was 20 min with 100 ml of intraoperative bleeding. Postoperative recovery was uneventful and the patient was discharged at day 6 after the operation with no complications. Pathologic examination of cores indicated renal clear cell carcinoma (Fuhrman grade III T1bN0M0; renal scores = 9p).




Figure 3 | Ports for robot-assisted laparoscopic partial nephrectomy.






Figure 4 | Images of the surgical procedure. (A) The right renal artery was isolated (green arrow). (B) The right renal tumors were exposed (purple arrow). (C) The right renal artery was occluded (green arrow). (D) The kidney was sutured.





Discussion

HSK is a common congenital renal malformation, which is mostly developed in early fetal life. Its main anatomical features are complicated vascular networks. Prior reports have shown that the number of renal arteries in HSK is twice that of normal kidney (7). In addition, patients with HSK have an increased risk of infection, stones, and even tumors due to abnormal fusion of the kidneys on both sides, resulting in changes in the position of the kidney, ureter, and pelvis (8). Therefore, the difficulty of laparoscopic partial nephrectomy increases significantly due to the unique anatomy of HSK. In our case, we chose to perform retroperitoneal robot-assisted laparoscopic partial nephrectomy. It is expected to provide a novel proposal for patients with such disease treatment.

Several lines of evidence suggested better results in robotic than laparoscopic partial nephrectomies (9, 10). The robotic systems were designed to reduce the challenges posed by the complex anatomical structures of HSK. The main advantage of this procedure is that it provides a wide surgical view. Surgeons can use robotic arms to dissect blood vessels and resect lesions more flexibly. Given the complex anatomy of HSK and its blood supply, we suggested that three-dimensional reconstructions are applied before surgery, because it can clearly visualize the three-dimensional anatomy of the procedure area and aid surgeons in identifying a complex horseshoe vascular system preoperatively better. In this case, we selectively occluded the branches of the renal artery rather than the trunk of the renal artery by referring to the reconstructed 3D images, thereby decreasing the damage due to ischemia–reperfusion injury in other nephron. A growing body of evidence also emphasized the importance of preoperative three-dimensional reconstructions for patients with partial nephrectomy of HSK in surgical planning (2, 11). Furthermore, our case indicated that retroperitoneal access was an effective approach for carcinoma in HSK. Informed consent was obtained from the patient for surgery. Although the transperitoneal approach can provide the operator with a better surgical field, there is also an increased risk of visceral damage and ileus after surgery. The vascularization of HSK is very heterogeneous and intraoperative bleeding was difficult to control. A retroperitoneal approach can better process blood vessels, avoid viscera damage, and reduce postsurgical adhesions (12). The robotic systems may help the operator to have more flexibility in blocking blood vessels. Molina and Gill (13) also documented that the retroperitoneal approach may work better for tumors located in the posterolateral side. Until now, there have only been four cases that characterize robot-assisted partial or heminephrectomy for renal tumors with fusion anomalies of the kidney (2, 14–16). Three of them reported that surgery was performed through a transperitoneal approach (14–16). To our knowledge, little has been reported about retroperitoneal robot-assisted laparoscopic partial nephrectomy with HSK.



Conclusion

Retroperitoneal robotic-assisted laparoscopic partial nephrectomy combined with CT scan with three-dimensional reconstructions for HSK with renal tumor is a feasible procedure.
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