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Introducing a New Technique for Fascial Closure to Avoid Renal Allograft Compartment Syndrome in Pediatric Recipients: The Use of Tutoplast® Fascia Lata
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Introduction: Renal allograft compartment syndrome (RACS) is a complication that infrequently occurs after renal transplantation. Tight muscle closure may lead to RACS due to compression of renal parenchyma or kinking of the renal vessels. Many techniques have been proposed in an attempt to achieve tension-free closure, which can be specially challenging in child recipients. We present our experience with Tutoplast® Fascia Lata (RTI Surgical Tutogen Medical GmbH Industriestrasse 6, 91077 Neunkirchen am Brand, Germany) closure.

Methods: All pediatric patients who underwent renal transplantation in our center between 2012 and 2021 were reviewed. Eight patients with Tutoplast® Fascia Lata placed at the time of initial transplantation were identified. Donor and recipient characteristics, Doppler ultrasound findings, and overall patient and graft survival rates were analyzed.

Results: Doppler ultrasound was performed intra-operatively after abdominal wall closure. If any sign of vascular compromise was seen, the abdominal wall was opened and the graft was revised. The Tutoplast® Fascia Lata implant was used to perform tension-free fascia closure and, afterwards, a Doppler ultrasound was performed to confirm the optimal renal artery perfusion and venous patency. Three of the renal transplantations were from a cadaver donor, with two of them en bloc. Living donor transplantation was performed in four cases. Among which, there was a case of auto-transplantation due to bilateral renal artery stenosis. None of the patients presented any complications of either short or long term that was derived from the abdominal closure with Tutoplast® Fascia Lata. There was also no record of graft failure till datum.

Conclusions: Restricted volume of the recipient pelvic cavity and the size discrepancy between the recipient pelvic cavity space and the donor adult kidney may lead to RACS. Other situations that occur more infrequently, i.e., as en bloc or auto-transplantation, are prone to suffer the same problem. Tutoplast® Fascia Lata is a safe option for these patients.
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INTRODUCTION

Early allograft dysfunction is a complication that occurs after renal transplantation. It might be due to different causes like kinking or obstruction of the vessels and the ureter. Renal allograft compartment syndrome (RACS) is an infrequent but endangering entity that can lead to early allograft dysfunction and loss of graft (1–3). One of the main causes of RACS in pediatric transplantation is the compression of renal parenchyma or renal vessels due to tight abdominal wall closure, which is frequently a consequence of size discrepancy between the donor and the recipient (4). However, adult-sized kidneys provide better results for children than grafts from matched pediatric donors (5). In addition, children are often offered implants bigger than themselves, as is with the case of living donors from a family member (generally one of the parents). It is becoming a more frequent issue to be addressed since children under 15 kg are exhibiting the safety and the benefit of early renal transplantation (6).

Currently, the best option for chronic kidney disease (CKD) in pediatric patients is renal transplantation. As previously stated, as it is safe even for very small children, renal transplantation should be carried out at the earliest possible time. If possible, it should be conducted before the initiation of renal dialysis to avoid the treatment's effects in children (i.e., high mortality rate, cognitive and learning impairment, anemia, bone disease, growth retardation, etc.) (7). In the last years, new immunosuppression and antiviral regimes have improved pediatric transplant outcomes, showing superiority to outcomes of young adults in some studies (8).

However, transplantation of adult-sized kidneys remains a high-risk procedure in children because of a higher rate of surgical complications. This is due to the technical difficulty of this procedure, specifically during the closure of the abdominal wall and the eventual swelling of neighbor organs. Historically, there has been a tendency of intra-abdominal renal transplantation in the pediatric recipient to avoid complications associated with transplanting a larger adult donor kidney into a small child. This approach is not exempted from difficulties in its performance as many child recipients have already undergone previous abdominal surgeries, per-operatory complications, and post-operatory morbidity (9). Nowadays, the extra-peritoneal approach is the standard of pediatric transplantation, even in children <15 kg. In these circumstances, the surgeon might have to face difficulties during abdominal wall closure that could increase the risk of RACS.

We share in this study our experience with Tutoplast® Fascia Lata in abdominal wall closure with the aim to provide the surgically community with one technique to achieve a tension-free closure. Many surgical modifications to overcome this problem have been described, such as meshes and fascial/muscle flaps (3, 4, 10). The literature is, nevertheless, brief and the use of Tutoplast® Fascia Lata for pediatric transplant has not yet been reported at the time we performed our study.



METHODS

All pediatric patients who underwent renal transplantation in our center between 2013 and 2021 were reviewed. Out of 52 patients, 8 patients with Tutoplast® Fascia Lata placed at the time of initial transplantation were identified.


Surgical Technique

The operation begins with a Gibson incision that starts 2-finger breadths from the right pubic tubercle and can be extended to the costal margin, if necessary. Allografts are placed on the patient's right/left side to facilitate easier access to the major blood vessels. The abdominal wall is opened in layers until the peritoneum is encountered. The peritoneal membrane is medially reflected through blunt dissection to avoid tearing. Blunt and sharp dissection of the right renal fossa is then performed. This exposes the aorta and iliac vessels in the retroperitoneal space. Once adequate exposure is obtained, the renal allograft is prepared on ice at the back-table. Venous and arterial control is attained using tangential clamps.

Afterwards, the renal allograft is placed in an anatomical position in the surgical field, and end-to- side anastomosis is performed in the recipient's iliac vessels; firstly, to the renal vein of the graft to iliac vein of the recipient and, secondly, to renal graft artery to iliac artery of the recipient with running polypropylene suture material.

The allograft is then placed in the retroperitoneum, avoiding any kinking in the vessels or compression on the anastomosis. We performed in every case an ureteroneocystostomy with anti-reflux system to the bladder. This was also performed in augmented bladders. A ureteral Double J stent is placed in every surgery and removed weeks later.

Directly after closing the abdominal wall, a Doppler ultrasound is routinely performed intra-operatively, maintaining the sterile setting until the confirmation of optimal perfusion of the organ and optimal renal artery and vein parameters.

With this routine, we prevent postoperative respiratory compromise and possible postoperatively instabilities such the use of catecholamines, sedation, and assisted ventilation related to delay in the identification of RACS.

Ultrasound examination was always performed with a 1-6 MHz transducer and started with gray scale imaging to gather information about graft position and size. Afterwards, color Doppler and power Doppler imaging was performed. Renal arterial resistive index (RI) between 0.6 and 0.8 were considered normal. If any sign of vascular compromise or hampered blood flow was seen in the Doppler, such as increased RI, reduced general blood flow, or decreased, reversed, or absent diastolic flow in the spectral Doppler, the abdominal wall was re-opened and the graft was revaluated.

In these cases, the Tutoplast® Fascia lata implant was used to perform tension-free fascia closure (Supplementary Figure 1). The graft was sutured to the fascial edges, and after complete closure, another Doppler ultrasound was performed to confirm the optimal renal artery perfusion and venous patency.

The size of the Tutoplast implant used is 60 x 120 mm (6x12 cm).

There are no conflicts of interest as neither authors nor center had been sponsored by Tutoplast®.




RESULTS

Out of the 52 renal transplants, eight patients received a Tutoplast® Fascia Lata graft.

Overall mortality was 1.9% (one patient without Tutoplast graft). None of the patients required dialysis due to transplant failure till date. One patient, who did not need Tutoplast® Fascia Lata assisting the wall abdominal closure, developed stenosis of the arterial anastomosis 1.5 years after transplantation and required arterial stenting.

From the eight patients with Tutoplast® Fascia Lata, three of the renal transplantations were from cadaver donors, with two of them en bloc (Recipients seven and eight). Living donor transplantation was performed in four cases. In addition, there was one case of bilateral auto-transplantation due to renal artery stenosis due to middle aortic syndrome (Recipient number 6 from Table 1).


Table 1. The characteristics of donors and recipients.
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None of the patients presented any complication of either short or long term that was derived from the abdominal closure with Tutoplast® Fascia Lata.

Mean follow up was 17.8 months.

The characteristics of donors and recipients are shown in Table 1.



DISCUSSION

We described our experience in the use of Tutoplast® fascia lata for abdominal wall closure in 8 patients belonging to a cohort of 52 renal transplants. Tutoplast® fascia lata is as a commercially available homograft which has been successfully used as human graft tissue and is described in many surgical procedures to be like rhinoplasty and used in the management of stress incontinence (11, 12). The literature describes successful Tutoplast® pericardium utilization in the management of Peyronie's disease (13) and as a patch graft in glaucoma and corneal surgery to cover exposed scleral buckles and oculoplastic surgery (14). However, there is no literature available in the use of Tutoplast® for abdominal wall closure as a method to savage RACS.

Many studies described the use of different materials and techniques to avoid RACS, e.g., prosthetic mesh, polypropylene-assisted mesh hood facial closure fasciotomy, and porcine dermal collagen (1, 3, 4, 15), but literature in this topic is brief, especially concerning pediatric renal transplantation. Techniques, such as intraperitonealization or subcutaneous placement of the allograft, should be avoided and only reserved for extreme cases when the use of other techniques is not possible. Some of the concerns regarding prosthetic mesh, porcine collagen, and materials such as Tutoplast® are the increase of infection and difficulties regarding biopsy or ultrasound of the graft. Several studies have already described their experience with such materials, confirming its safety and the perfect monitoring of the transplanted kidney (3). In addition, a group has described the use in children of porcine dermal collagen (10, 16).

On the other hand, RACS is a rarely seen phenomenon in renal transplantations. In fact, literature described it with a frequency of only 2% (17). The true frequency of RACS is believed to be underestimated in literature as it might be overlooked and/or misdiagnosed as renal vein thrombosis, acute tubular necrosis, or delayed graft function (18). Known data was derived almost exclusively from adult recipient population, and, even then, the pathogenesis is not yet fully understood. It is important to address that restricted volume of the recipient pelvic cavity, such as in small infants, together with size discrepancy between the recipient pelvic cavity space and the donor adult kidney may lead to RACS.

It is also known that contrary to what was believed until the late 1980s, renal transplantation is the best therapy approach for infants and small children. Qvist and colleagues have shown excellent long-term results in 51 children aged younger than 5 years who underwent renal transplantation (19). We have previously published our experience and long term follow up in 132 patients who have undergone pediatric transplantation (20) and found that chronic rejection was the leading cause of graft loss. In the series of Qvist, most of the recipients received adult size allografts. These allografts came from a living related donor in more than one third of the cases. They postulate that tubular and glomerular findings may be the result of chronic graft ischemia when adult size kidneys are transplanted in small children. The higher the disparity in sizes between the donor and the recipient, the more severe the renal ischemia secondary to chronic hypoperfusion tends to be (21). We must take into account that most of the patients who underwent transplantation before 2 years of age have living related donors, which makes the difference between donor/recipient size obvious. Salvatierra et al. (21) demonstrated that in maintaining optimal intravascular volume during the first 6 months after transplantation, a considerable reduction (26%) in the renal mass follows. This is what they believe happens as a consequence of chronic hypoperfusion of the graft. They showed that preserving long term optimum intravascular volume might be more important than immunologic risk factors for the graft survival.

As infants have currently the lowest rate of graft loss after the first year and the longest adjusted allograft survival half-life time (22), we should aim to reduce non immunologic risk factors with the purpose to enhance long term graft survival. Acknowledging the risk of RACS in small recipients and bringing awareness about it are important points to focus along with the surgeons' efforts in guaranteeing to provide the best care for this group of patients who are especially vulnerable to this complication.

We believe that with our routine immediate postoperative ultrasound in pediatric transplantation, we developed a good system do diagnose RACS at an early stage, before it can lead to thrombosis of the renal graft vein and subsequent loss of transplant.

By performing early ultrasound Doppler examination, we can rule out problems, such as acute tubular necrosis and venous thrombosis, that might lead to similar Doppler ultrasound results at a later time point of examination.

In our cohort, (8/52) 15.4% of patients were provided with the Tutoplast® fascia lata graft. This seems to be a high number at first sight, but might be due to the fact that in pediatric transplantations, special limitations are more frequent. Since we did not see any complications, such as graft loss, immune reaction toward the Tutoplast® Fascia Lata graft, wound infections, or healing problems, we postulate that this method is a safe option for pediatric patients to prevent bigger complications and/or graft loss due to RACS.



CONCLUSIONS

Restricted volume of the recipient pelvic cavity and the size discrepancy between the recipient pelvic cavity space and the donor adult kidney may lead to RACS.

We described our experience in the use of Tutoplast® Fascia Lata for abdominal wall closure in 8 patients belonging to a cohort of 52 renal transplants. In these 8 patients, no complication has been seen related to the use of Tutoplast® Fascia Lata.

Other situation occurring more infrequently, such as en bloc or auto-transplantation, are prone to suffer the same problem. Tutoplast® Fascia Lata is a safe option for these patients.

The literature regarding RACS and in children is scarce. Nevertheless, this complication can lead to early loss of the graft. Therefore, we aim to provide our insight in this topic and believe that the results are successful despite having a small cohort.

There is a need for more studies regarding this important topic to achieve the best possible results in pediatric renal transplantation.



LIMITATIONS

We acknowledge as limitation the small cohort of patients and the short follow up of those who recently underwent renal transplantation. Also, the cost of the Tutoplast® Fascia Lata could be a limitation in the reproducibility of this technique in other institutions.
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REFERENCES

 1. Damiano G, Maione C, Maffongelli A, Ficarella S, Carmina L, Buscemi S, et al. Renal allograft compartment syndrome: is it possible to prevent? Transplant Proc. (2016) 48:340–3. Available online at: doi: 10.1016/j.transproceed.2015.12.051

 2. Tang L, Lee T, Yuen L, Pleass H. Renal allograft compartment syndrome: a review. ANZ J Surg. (2021) 91:2606–9. doi: 10.1111/ans.17271

 3. Beasley KA, McAlister VC, Luke PPW. Mesh hood fascial closure in renal allograft compartment syndrome. Transplant Proc. (2003) 35:2418–9. doi: 10.1016/j.transproceed.2003.08.013

 4. Halawa A. Abdominal wall closure of renal transplant recipients: an undermined challenge. Int J Organ Transplant Med. (2010) 1:73–6. doi: 10.1111/ctr.14506

 5. Verghese PS. Pediatric kidney transplantation: a historical review. Pediatr Res. (2017) 81:259–64. doi: 10.1038/pr.2016.207

 6. Gander R, Asensio M, Royo GF, Molino JA, Ariceta G, Lara LE, et al. Kidney transplantation in children weighing 15 kg or less is challenging but associated with good outcome. J Pediatr Urol. (2017) 13:279. doi: 10.1016/j.jpurol.2017.02.025

 7. Shroff R, Ledermann S. Long-term outcome of chronic dialysis in children. Pediatr Nephrol. (2009) 24:463–74. doi: 10.1007/s00467-007-0700-2

 8. Moudgil A, Dharnidharka VR, Lamb KE, Meier-Kriesche HU. Best allograft survival from share-35 kidney donors occurs in middlE-Aged adults and young childreN - An analysis of OPTN data. Transplantation. (2013) 95:319–25. doi: 10.1097/TP.0b013e3182719203

 9. Fontana I, Bertocchi M, Centanaro M, Varotti G, Santori G, Mondello R, et al. Abdominal compartment syndrome: an underrated complication in pediatric kidney transplantation. Transplant Proc. (2014) 46:2251–3. doi: 10.1016/j.transproceed.2014.07.045

 10. Richards SK, Lear PA, Huskisson L, Saleem MA, Morgan JDT. Porcine dermal collagen graft in pediatric renal transplantation. Pediatr Transplant. (2005) 9:627–9. doi: 10.1111/j.1399-3046.2005.00312.x

 11. McBride AW, Ellerkmann RM, Bent AE, Melick CF. Comparison of long-term outcomes of autologous fascia lata slings with suspend tutoplast fascia lata allograft slings for stress incontinence. Am J Obstet Gynecol. (2005) 192:1677–81. doi: 10.1016/j.ajog.2005.01.078

 12. Jang YJ, Wang JH, Sinha V, Song HM, Lee B-J. Tutoplast-processed fascia lata for dorsal augmentation in rhinoplasty. Otolaryngol Neck Surg Off J Am Acad Otolaryngol Neck Surg. (2007) 137:88–92. doi: 10.1016/j.otohns.2007.01.009

 13. Reed-Maldonado AB, Alwaal A, Lue TF. The extra-tunical grafting procedure for Peyronie's disease hourglass and indent deformities. Transl Androl Urol. (2018) 7:S1–6. doi: 10.21037/tau.2017.12.03

 14. Novitskaya ES, Clifford L, Vivian AJ. Tutoplast pericardium patch graft for scleral thinning following strabismus surgery. Eye. (2013) 27:682–3. doi: 10.1038/eye.2013.44

 15. Maione C, Gambino G, Di Bona A, Luna E, Turco D, Scio A, et al. PTFE mesh in renal allograft compartment syndrome. Transplant Proc. (2006) 38:1049–50. doi: 10.1016/j.transproceed.2006.02.139

 16. Pentlow A, Smart NJ, Richards SK, Inward CD, Morgan JDT. The use of porcine dermal collagen implants in assisting abdominal wall closure of pediatric renal transplant recipients with donor size discrepancy. Pediatr Transplant. (2008) 12:20–3. doi: 10.1111/j.1399-3046.2007.00824.x

 17. Ball CG, Kirkpatrick AW, Yilmaz S, Monroy M, Nicolaou S, Salazar A. Renal allograft compartment syndrome: an underappreciated postoperative complication. Am J Surg. (2006) 191:619–24. doi: 10.1016/j.amjsurg.2006.02.013

 18. Wood LN, Yang W, Annamalai A. Mesh hood fascial closure is a safe alternative to prevent renal allograft compartment syndrome during kidney transplantation. Transplant Proc. (2015) 47:1845–9. doi: 10.1016/j.transproceed.2015.04.093

 19. Qvist E, Krogerus L, Rönnholm K, Laine J, Jalanko H, Holmberg C. Course of renal allograft histopathology after transplantation in early childhood. Transplantation. (2000) 70:480–7. doi: 10.1097/00007890-200008150-00015

 20. Friedersdorff F, Koch T-M, Banuelos-Marco B, Gonzalez R, Fuller TF, von Mechow S, et al. Long-term follow-up after paediatric kidney transplantation and influence factors on graft survival: a single-centre experience of 16 years. Urol Int. (2018) 100:317–21. doi: 10.1159/000487195

 21. Salvatierra OJ, Singh T, Shifrin R, Conley S, Alexander S, Tanney D, et al. Successful transplantation of adult-sized kidneys into infants requires maintenance of high aortic blood flow. Transplantation. (1998) 66:819–23. doi: 10.1097/00007890-199810150-00001

 22. Cecka JM, Gjertson DW, Terasaki PI. Pediatric renal transplantation: a review of the UNOS data. United network for organ sharing. Pediatr Transplant. (1997) 1:55–64.

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 Bañuelos Marco, Bergel, Geppert, Müller and Lingnau. 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/xhtml/Nav.xhtml




Contents





		Cover



		Introducing a New Technique for Fascial Closure to Avoid Renal Allograft Compartment Syndrome in Pediatric Recipients: The Use of Tutoplast® Fascia Lata



		Introduction



		Methods



		Surgical Technique







		Results



		Discussion



		Conclusions



		Limitations



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Supplementary Material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in surgery

Introducing a New Technique for
Fascial Closure to Avoid Renal
Allograft Compartment Syndrome in
Pediatric Recipients: The Use of
Tutoplast® Fascia Lata





OPS/images/fsurg-09-840055-t001.jpg
Recipient

Recipient age at the transplantation (years)
Recipient weight (kg)

Recipient size (cm)

Donor weight (kg)

Donor size (crr)

Cadaver/Living Donor

Last Creatinine value (mg/d)

Time of follow up (months)

Sex

10
23
117
100
190
LD
08
a2
Male

13
92

189
LD
03

Male

15
86
160
110
169

08

Female

10
25
15
70
175
CcD
08
29
Male

11

70
178
LD
02
110
Female

6

9
32
133
32
133

Auto
04
14
Female

7

13
43
153
13
91

CD enbloc

0,7
9

Female

8

3
153
94
14
91

CDenbloc

04
1

Female









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





