
  Transl Androl Urol 2021;10(9):3620-3627 | https://dx.doi.org/10.21037/tau-21-614© Translational Andrology and Urology. All rights reserved.

Original Article

Simultaneous antegrade urography of the upper urinary tract and 
retrograde cystography combined with computed tomography 
imaging in the management of ureteral complications after renal 
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Background: To investigate the significance of simultaneous urography of the upper and lower urinary 
tract of transplanted kidneys combined with computed tomography urography (CTU), computed 
tomography arteriography (CTA), and computed tomography venography imaging in the planning of open 
surgery performed to treat any ureteral complications of a transplanted kidney. 
Methods: In all, 24 patients with ureteral complications after renal transplantation were admitted, 12 of 
whom had renal graft ostomy during open surgery. Simultaneous antegrade urography of the upper urinary 
tract and retrograde cystography of the transplanted kidneys were performed on the patients. With the use 
of computed tomography imaging results, surgical planning was carried out. 
Results: All surgeries were successfully completed according to preoperative planning. Three 
patients underwent end-to-end anastomosis of the ureter and bladder muscle flap, 8 patients underwent 
ureterocystostomy, and 1 patient underwent an end-to-end ureteral anastomosis. After the follow-up up to 
now, all the patients had stable renal function, and no complications such as ureteral stenosis or urine leakage 
have thus far reoccurred in the transplanted kidneys.
Conclusions: When open surgery is required to treat any ureteral complications following renal 
transplantation, preoperative multiangle imaging can be used to better understand the condition of the 
transplanted urinary tract and thus aid considerably in surgical planning.
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Introduction

Ureteral complications after renal transplantation are 
relatively common, with national and international 
incidence rates reported to be 1% to 8% (1,2). The main 
treatments for these complications are intracavitary 
therapy and open surgery, with the main goals being the 
reconstruction of the transplanted kidney’s urinary tract, 
which thus frees the patient from undergoing a renal graft 
ostomy and the insertion of a long-term indwelling double 
J stent. The open surgery failure rate has been reported 
to be 7% to 8% (3,4), with multiple reasons for these 
failures evidenced, for example, inadequate preoperative 
preparation (5). This article aims to summarize the author’s 
clinical experiences related to selecting the most appropriate 
preoperative surgical plan for a successful surgery. We 
present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-614).

Methods

Study population

From January 2016, 2020, to July 2020, 1,338 kidney 
transplants by citizen organ donation, 141 simultaneous 
pancreas-kidney transplants (SPKTs), and 1 simultaneous 
liver-kidney transplant (SLKT) were included as study 
subjects and retrospectively reviewed in our center. All 
transplants involved in this study were reviewed and 
approved by the hospital’s ethics committee.

During th i s  per iod,  24  pat ients  wi th  uretera l 
complications after renal transplantation were admitted. 
Among them, 16 patients had ureteral obstruction and 
8 had urinary leakage. There were 18 kidney transplant 
recipients, 5 SPKTs, and 1 SLKT. Additionally, 12 patients 
underwent renal graft ostomy with open surgery, with 11 
renal transplant recipients and 1 SLKT recipient.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by The Institutional Review Board of the Second 
Affiliated Hospital of Guangzhou Medical University 
(number 2020-hs-43) and informed consent was taken from 
all individual participants.

Imaging

All 12 patients had preoperative renal graft ostomy and 
underwent simultaneous urography of the upper and lower 
urinary tract once their conditions had stabilized. In the 
hospital wards, a 16-gauge catheter was inserted into the 
patients following intraurethral anesthesia with tetracaine 
administration. In the radiology department under aseptic 
conditions, the contrast agent, iodixanol (Visipaque  
270 mg/mL), diluted with 1:1 saline, was slowly injected into 
the renal graft fistula: patients with a ureteral obstruction were 
injected with 10 mL, and those with urinary leakage were 
injected with 20 mL. After a satisfactory imaging from X-ray 
fluoroscopy, the fistula was clamped and the contrast agent 
was simultaneously retrograde injected into bladder through 
the catheter. The injection was stopped when a patient 
complained of bladder distension, and the dose of contrast 
agent injected into the bladder was recorded. The urinary 
tracts of the transplanted kidneys were photographed from 
different angles under X-ray fluoroscopy, as shown in Figure 1.

Assessment of surgical feasibility and formulation of 
surgical plan

To determine whether the patient’s own ureter on the 
same side of the transplanted kidney was unobstructed, a 
retrograde ureteral catheter was routinely placed under 
cystoscopy before surgery.

The surgical plan for each patient was devised based 
on preoperative radiography, with 3 widely used surgical 
procedures being adopted for reconstruction of the 
transplanted kidney’s urinary tract: ureterovesical muscle 
flap anastomosis, ureterocystostomy, and renal graft 
ureter to the patient’s own ureteral anastomosis (6,7). If 
preoperative radiography showed a bladder volume greater 
than 200 mL, greater bladder filling could be obtained 
after administration of anesthesia. Ureteral bladder 
reimplantation could be performed if the retained renal 
graft ureter was long, but if the retained ureter was short, 
ureterovesical muscle flap anastomosis could be performed 
with greater confidence. Ureteral bladder reimplantation 
could still be performed if the bladder volume was less than 
100 mL and the retained ureter was long, but if the retained 
ureter was short and the bladder muscle flap anastomosis 
was difficult to achieve, end-to-end ureter anastomosis to a 
patient’s own ureter could be achieved.
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Ureterovesical muscle flap anastomosis of the transplanted 
Kidney (Boari flap)

This procedure was used when the bladder volume was not 
ideal and the retained ureter was short. The ureteral surface 
projection of the transplanted kidney was marked based on 
computed tomography urography (CTU) imaging. After 
pushing aside and folding the peritoneum, the bladder was 
fully freed and the ureter was cut. The original anastomosis 
stoma was then sutured, and the full layer of bladder tissue 
5 cm × 3 cm was collected for the Boari flap. The proximal 
ureter of the transplanted kidney was anastomosed with the 
bladder muscle flap end to end using a built-in F6 double 
J-tube without thread, and then relaxation suture was 
applied to the surrounding tissue, as shown in Figure 2.

Ureteroneocystostomy of the transplanted kidney 

This procedure was carried out when the retained ureter 
of the transplanted kidney was long. Exploration of the 
ureter and management of the bladder were undertaken 

using these same methods. After removal of the necrotic or 
obstructed portion, the proximal ureter was anastomosed to 
the bladder with a built-in F6 double J tube without thread, 
and then relaxation suture was applied to the surrounding 
tissue

End-to-end anastomosis between the transplanted renal 
ureter and its own distal ureter

This procedure was used when the retained ureter from 
the transplanted kidney was short and the bladder was 
poorly filled. Exploration of the ureter and management 
of the bladder were performed as previously described. 
The proximal end of the patient’s ureter was dislocated and 
ligated, and the distal end was left with a sufficient length to 
be anastomosed end to end, with the repaired of the ureter 
and a built-in F6 double J tube without thread.

Postoperative management

Urinary tubes and iliac fossa drainage tubes were routinely 

Figure 1 Preoperative simultaneous antegrade urography of upper urinary tract and retrograde cystography. (A,D) Show radiography of the 
upper urinary tract. (B,C,E,F) Show simultaneous urography of the upper and lower urinary tract. The white arrows indicate the ureteral 
stump. 
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indwelt during the operation. Postoperatively, fluid was 
observed draining from the transplanted kidney’s fistula, 
the iliac fossa drainage tube, and the urinary duct, and any 
urinary leakage or obstruction was observed with color 
Doppler ultrasound of the transplanted kidney. In the 
absence of any special conditions, the fistula and iliac fossa 
drainage tubes were removed about a week, the urinary tube 
after 2 weeks, and the double J tube 1 month after surgery.

Statistical analysis

Data were analyzed using SPSS 16.0 software (IBM Corp., 
Armonk, NY, USA) Continuous data are expressed as 
mean ± standard deviation, and a paired t-test was used for 
comparison. All P values were 2 tailed, and a P value <0.05 
was considered statistically significant.

Results

Baseline data

Ureteral complications after renal transplantation were 

generally found 1 to 9 months after surgery (a mean of  
2.5 months). Among them, there were 7 males and  
5 females, aged 28 to 64 years, with an average age of 
42.0±9.9 years. The early postoperative period saw 2 cases of 
acute rejection and 4 cases of delayed graft function (DGF). 
Among the 12 patients, there were 7 cases of ureteral 
obstruction and 5 of urinary leakage. Each patient’s bladder 
was injected with 60 to 340 mL of contrast medium, with an 
average of 210.8±92.4 mL. The procedures were completed 
successfully according to preoperative planning, with 3 
patients undergoing end-to-end ureterovesical muscle flap 
anastomosis, 8 patients having a ureterocystostomy, and 1 
patient having end-to-end ureter anastomosis to their own 
ureter. Details are shown in Table 1.

Surgical efficacy

All patients underwent successful postoperative removal of 
the renal graft fistula, iliac fossa drainage tube, urinary tube, 
and double J tube. Stable phase serum creatinine levels after 
transplantation and before the operation were 159.8±57.6 

Figure 2 Ureterovesical muscle flap anastomosis of the transplanted kidney. The white arrows point to the ureteral stump of the 
transplanted kidney in (A,D,F). The yellow arrow points to the area of the urinary cyst mentioned in (A).
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and 387.9±272.7, respectively (P=0.012), with the serum 
creatinine before patient discharge being 151.2±62.4 µmol/L.  
There were no significant differences between at discharge 
and stable phases after renal transplantation in renal 
allograft function (P=0.319). To reduce further damage of 
graft function caused by contrast agents, we used iodixanol 
injection (Visipaque) as the contrast agent in all cases. The 
patients serum creatinine levels before and after injection of 
the contrast medium were respectively 228.4±165.1 µmol/L 
and 230.2.9±173.2 µmol/L (P=0.746).

The patients were followed up for an average of  
21 months (2–56 months), and no follow-up appointments 
were missed. Renal function was stable in all patients except 
1, who, due to BK virus-associated transplant nephropathy 
(BKVAN), had a higher serum creatinine level than that 
prior to the procedure. Postoperative color Doppler 
ultrasound or urinary tract CTU of the transplanted 
kidneys were performed after 1 month, 6 months, 1 year 
after surgery and annually thereafter, and no reobstruction 
or urinary leakage was detected. Mild vesicoureteral reflux 
was present in 1 patient, but no special management was 
required.

Complications of reoperation

The patients in this groups recovered well after surgery. No 

anastomotic stenosis or urinary leakage were evident in the 
color Doppler ultrasound and CTU re-examination of the 
transplanted kidneys nor were there any visible renal graft 
or vascular injuries. 

Follow-up

The patients were followed up for an average of 21 months, 
and no follow-up appointment went unattended. Renal 
function was stable in all patients except the 1 patient with 
BKVAN, who had a higher serum creatinine level than that 
recorded before the operation. Postoperative color Doppler 
ultrasound or urinary tract CTU of the transplanted 
kidneys were reviewed at the 1-month, 6-month, and 
1-year points after surgery, and annually thereafter, with no 
reobstruction or urinary leakage being observed (Figure 3). 
Mild vesicoureteral reflux was present in 1 patient, but no 
special management was required.

Discussion

Ureteral complications after renal transplantation are 
common and are generally difficult to solve clinic. Both 
microscopic intracavitary therapy and open surgery possess 
their respective advantages and disadvantages (8,9). The 
former procedure is less invasive and relatively simple, 

Table 1 Baseline data

Case
Transplant 

type
Gender

Age, 
years

Primary 
disease

DGF
Acute 

rejection
Complication type

Time of occurrence 
(months after surgery)

Bladder  
capacity (mL)

Reconstruction 
method

1 CLKT Male 33 CG NO NO Ureteral obstruction 9 300 BF

2 KTA Female 35 CG NO NO Ureteral obstruction 1 260 UC

3 KTA Male 38 IgA NO NO Ureteral obstruction 4 280 BF

4 KTA Male 40 CG NO NO Ureteral obstruction 2 340 BF

5 KTA Female 47 CG Yes NO Ureteral obstruction 3 200 UC

6 KTA Male 50 CG Yes NO Ureteral obstruction 1 120 UC

7 KTA Female 64 CG Yes NO Urinary leakage 1 180 UC

8 KTA Female 37 LN Yes Yes Urinary leakage 1 60 UU

9 KTA Male 44 CG NO NO Urinary leakage 3 180 UC

10 KTA Male 28 CG NO NO Urinary leakage 1 80 UC

11 KTA Male 36 CG NO Yes Ureteral obstruction 2 320 UC

12 KTA Female 52 IgA NO NO Ureteral obstruction 2 210 UC

BF, Boari flap; CLKT, combined liver and kidney transplantation; CG, chronic glomerulonephritis; KTA, kidney transplant alone; LN, lupus 
nephritis; NO, not applicable; UC, ureterocystostomy; UU, ureteroureterostomy.
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but in most cases, requires a long-term indwelling double 
J tube, which is prone to urinary tract infection and renal 
graft function injury (10). The latter procedure is difficult, 
but after successful surgery, a long-term indwelling stent is 
unnecessary, and better long-term therapeutic outcomes can 
be achieved (11). For incomplete ureteral obstruction of the 
transplanted kidney, endoscopic intracavitary therapy can 
be conducted (5), but in most cases, the ureterocystostomy 
stoma’s location is close to the lateral upper wall of the 
bladder. For patients with complete ureteral obstruction, 
severe urinary leakage, or even ureteral necrosis, open 
surgery is usually the most appropriate option. In addition 
to the 3 aforementioned surgical methods, other techniques, 
such as ureteropelvic anastomosis and renal graft lower pole 
anastomosis with bladder muscle flap grafting (12), can be 
considered, while the use of da Vinci robots for endoscopic 
treatment has also been reported in recent years (13,14). 
Robotic ureteral construction has become a strong option 
with advantages including decreased blood loss, reducing 
hospital stay, and postoperative recovery compared to the 
open approach. While discussion of the surgical procedure 
not being the focus of this article, it should be noted that 
open surgery can be extremely difficult to perform due to 
anatomical alterations of the surgical area and the presence 
of local adhesions (15). 

Adequate preoperative evaluation and preparation 
is essential, regardless of which surgical methods are 
employed. The examination and treatment process usually 
takes one week. All patients had a nephrostomy tube placed 
prior to our surgery. Pathogenic microbes were examined 

by culture of blood, sputum, drainage juice and urine, 
respectively. All patients were undergone a simultaneous 
urography of the upper and lower urinary tract through 
their nephrostomy tube and cystogram.

There are several key points relating to open surgery for 
the reconstruction of the urinary tract of the transplanted 
kidney: (I) patients with infected surgical areas should 
have anti-infective treatment administered until multiple 
negative cultures are obtained, particularly patients with 
urinary leakage. (II) The location of either the ureteral 
obstruction or urinary leakage is important, namely the 
length of the ureteral retention segment, as it is a critical 
parameter for determining the anastomosis. Generally, in 
both urinary obstruction and urinary leakage, the normal 
imaging segment of the ureter after radiography can be 
used as a retained ureter. A more conservative judgment 
should be made in the case of urinary leakage, as necrosis 
may occur in the development segment. (III) The degree 
of bladder filling is a crucial parameter in deciding the 
anastomosis mode. Some patients present with bladder 
contractures or smaller bladder volumes before renal 
transplantation due to long-term anuria or. for other 
reasons, but bladder volume can gradually return to normal 
following postoperative recovery of urination. However, if 
the urinary tract needs reconstruction prior to recovery and 
the bladder size is not known before surgery (for example, 
when performing ureterocystostomy but especially during 
ureterovesical muscle flap anastomosis surgery), a bladder 
that is too small can be the main reason for surgical failure. 
(IV) In patients who have undergone a transplant procedure 
over 2 months prior, having the transplanted kidney adhere 
to the surrounding tissues and the presence of fibrous repair 
of the entire transplantation field make freeing the ureter an 
arduous take, and the ureter may adhere to the arteries and 
veins of the transplanted kidney. Although the double J tube 
can be implanted preoperatively through a renal graft fistula 
to facilitate the intraoperative search for the ureter (16), 
the positioning of the ureter relative to the blood vessels 
remains difficult to identify, and blood vessels are prone to 
damage when freeing the ureter.

The key to reconstructive surgery is to fully evaluate the 
entire urinary tract of the transplanted kidney as well as the 
patient’s own ipsilateral ureter before surgery. This allows 
for the formulation of the optimal surgical planning and for 
making successful preoperative predictions. The following 
5 key points should be ascertained through simultaneous 
urography of the upper and lower urinary tract and 
computed tomography arteriography (CTA) and CTU 

Figure 3 Computed tomography urography was performed after 
operation to observe the reconstruction of urinary tract.
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imaging: (I) length of the transplanted kidney’s developing 
ureteral segment, (II) bladder capacity, (III) distance 
between the end of the ureteral developing segment and 
the filled bladder, (IV) anatomical location of the ureter 
with surface projection markings, and (V) positioning of the 
transplanted kidney’s ureter relative to blood vessels.

The safety of angiography is also a major concern, 
particularly in the case of impaired graft function (17). 
Iodixanol (Visipaque 270 mg/mL) was selected as the 
contrast agent, as it is isotonic and has the advantage of 
greatly reducing nephrotoxicity compared to hypertonic 
and hypotonic contrast agents (18), which reduces the 
occurrence of contrast-induced nephropathy. No patients in 
this study had a significant increase in their serum creatinine 
level due to the use of the aforementioned angiography 
method. In addition, it is of great importance that clinicians 
and radiologists be aware of allergy reaction caused by 
contrast medium. The most common symptoms of allergic 
reaction are rash, pruritus, headache, nausea and vomiting. 
Some patient even developed chest tightness, palpitations, 
dyspnea, decreased blood pressure.

Most experienced renal transplant surgeons perform 
antegrade urography of the renal graft fistula to evaluate 
the upper urinary tract of the transplanted kidney before 
performing a urinectomy (19), and in order to roughly 
estimate bladder volume, some surgeons may ask the 
patient about how much urine they usually produce. The 
preoperative multiangle radiography assessment this study 
presents provides a more visualized picture of the upper 
and lower urinary tract to be reconstructed as well as the 
positional relationship between the ureter and the vessels, 
which allows the surgeon to prepare their surgical plan in a 
more precise, safe, and reliable manner.
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