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Abstract
BACKGROUND
Augmentation cystoplasty, first described by Mikulicz in 1899 involves segments of bowel, stomach or mega-ureter to increase bladder capacity in those with inadequate bladder function or lack of detrusor compliance. The most widely used bowel segment is a detubularised patch of ileum. When ileum is not suitable for augmentation, sigmoid colon is the alternative. However, only eight pregnancies after sigmoidocystoplasty have been reported without detail and clinicians may be uncertain about the effects of sigmoidocystoplasty on reproductive health and pregnancy. 

CASE SUMMARY
We followed the patient from gestational week 32+3 until 6 wk after delivery. During pregnancy, our patient suffered urinary tract infection twice and had to undergo percutaneous nephrostomy drainage due to progressive hydronephrosis. Despite a dense adhesion between the uterus and neobladder, we were able to deliver a healthy baby by cesarian section in the presence of the attending urologist.

CONCLUSION
Augmentation cystoplasty-afflicted women can have a healthy reproductive life. Certain perioperative measures may be advisable to avoid serious surgical complications. 
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Core Tip: Pregnancy following augmentation cystoplasty is relatively rare. Here, we report on a 30-year-old woman who underwent augmentation cystoplasty. We followed the patient from gestational week 32+3 until 6 wk after delivery. Our case, together with a relatively small amount of literature, suggests that women who undergo augmentation cystoplasty can have a healthy reproductive life.

INTRODUCTION
Augmentation cystoplasty was first described by Mikulicz in 1899[1], and involves segments of bowel, stomach or mega-ureter to increase bladder capacity in those with inadequate bladder function or lack of detrusor compliance. The procedure became widespread in the 1970s after the invention of clean intermittent self-catheterization. The most widely used bowel segment for augmentation cystoplasty is a detubularised patch of ileum or ileocecum while sigmoid colon is the less common alternative.
Pregnancy following augmentation cystoplasty is relatively rare. Clinicians may be uncertain about the effects of augmentation cystoplasty on reproductive health and pregnancy. Here we describe successful pregnancy outcomes in a woman with a history of myelomeningocele and sigmoidocolocystoplasty. As we know, this is the first detailed case report of pregnancy after sigmoidocystoplasty. We also place this case in the context of 24 related studies and 106 reports of 120 pregnancies by women with augmentation cystoplasty.

CASE PRESENTATION
Chief complaints
A 30-year-old pregnant woman with a history of augmentation cystoplasty.

History of present illness
[bookmark: OLE_LINK728][bookmark: OLE_LINK727]A 30-year-old woman (G2P0A1, one spontaneous miscarriage in first trimester) came to us at gestational week 32+3 for obstetric care. She had a history of congenital myelomeningocele, which was repaired at a local hospital as an infant. At age 13, she underwent nephrectomy of the left kidney at a local hospital to treat severe hydronephrosis. Until 18-years-old, she suffered from urinary incontinence and nocturnal enuresis which gradually resolved after age 18. However, she continued to experience mental distress due to dysuria as well as high urinary frequency and urgency. At age 21, these symptoms worsened and she visited the urology department of our hospital. Color Doppler ultrasonography revealed hydronephrosis of the right kidney as well as stones in the bilateral lower ureter and trabecular bladder. Urodynamics testing indicated low bladder compliance leading to a diagnosis of neurogenic bladder. The patient underwent augmentation sigmoidocolocystoplasty, during which the bladder was observed to have a pear shape with thick walls. A sigmoid colon segment 15 cm long was selected and clam-anastomosed to the bi-valved bladder, while taking care to preserve the mesentery vascular supply. A suprapubic tube was secured in the bladder and the patient self-catheterized until regaining continence at 4 mo after surgery. 
At the age of 22, the woman came to the gynecology department of our hospital with a complaint of excessive menses volume. Examinations indicated large intramural myoma and severe anemia. She was given a transfusion of 3 units of erythrocyte suspension, after which abdominal myomectomy was performed. During the procedure, the intestine, left side of the uterus, left adnexa, omentum and mesentery were discovered to be extensively adhered to one another. A myoma of diameter 6 cm with a clear border was observed on the right side of the uterus deep inside the uterine cavity.
When the woman returned to us at the age of 30-years-old and in gestational week 32+3 she reported becoming incontinent starting in the second trimester and experiencing urinary incontinence when standing, dysuria when squatting and incomplete bladder emptying. Previous prenatal examinations and obstetric assessments at a local hospital revealed no fetal congenital anomalies. At 26 wk of gestation, she developed acute pyelonephritis in the right kidney and progressive hydronephrosis; the renal pelvis dilated to a thickness of 4.6 cm with parenchymal thickness 2.0 cm and the diameter of the upper right ureter increased to 1 cm. Because bladder deformity and the trabecula made it difficult to find the ureteric orifice, we failed to place a double pigtail ureteral stent under cystoscopy and instead performed percutaneous nephrostomy drainage. There was no change in creatinine clearance in the serial examinations and serial urine dipsticks for protein and occult blood were negative. In the third trimester, the patient showed elevated liver enzymes and itching over the entire body. After testing negative for hepatitis virus infection, she was given oral transmetil and liver function gradually returned to normal. During the entire pregnancy, she suffered two urinary tract infections which were treated promptly with cefoxitin and ceftriaxone.

Personal and family history
The patient had no family history of similar illnesses.

Physical examination
Abdominal enlargement, other signs were negative. 

Laboratory examinations
There was no change in creatinine clearance in the serial examinations and serial urine dipsticks for protein and occult blood were negative. 

Imaging examinations
The patient was admitted at gestational week 39+3 to the obstetrics department. Ultrasonography and magnetic resonance imaging showed that the bladder was vertically stretched by the pregnant uterus to a level approximately 3.1 cm above the umbilical level and 2.9 cm below the fundus (Figure 1). This implied a severe adhesion between her uterus and the neobladder. 

FINAL DIAGNOSIS
Pregnant woman with a history of augmentation cystoplasty and isolated kidney.

TREATMENT
Given the patient’s history of myomectomy deep inside the uterine cavity, we performed a cesarian section under general anesthesia in the presence of an experienced obstetrician and reconstructive urological surgeon at gestational week 40+2. During the procedure, which took 167 min, dense adhesions between the omentum and the parietal peritoneum were observed. The bowel loop, which was used for augmentation, was draped over the entire anterior surface of the uterus. The mesentery of the neobladder went across the uterus from the left side. Saline solution was injected to expand the bladder and neobladder until their interface with surrounding structures was obvious. The adhesion between the uterus and neobladder was dissected with an ultrasonic scalpel. Left lateral traction was applied to the neobladder and finally a right lateral longitudinal incision was made (Figures 2 and 3). A live female newborn weighing 2790 g was delivered. Apgar scores were 9.9 at 1.5 min and 10 at 10 min. No sign of injury to the vascular pedicle of the neobladder was found. Mother and child recovered normally and were discharged 1 wk after delivery.

OUTCOME AND FOLLOW-UP
Telephone follow-up with the patient at 42 d after delivery revealed that she had suffered another urinary tract infection which was treated with ceftazidime. The nephrostomy tube was removed at 5 wk after delivery, after which the patient intermittently self-catheterized to maintain urinary continence. No significant problems were observed in the newborn. 

DISCUSSION
As augmentation cystoplasty becomes more common, clinicians and patients may wish to understand in detail whether it influences pregnancy outcomes. The present case highlights that the procedure need not have negative impacts on such outcomes, even when the patient has a history of myelomeningocele surgical repair, left nephrectomy and repeated urinary tract infections. 

To put the present case in perspective with other clinical experiences, we reviewed the literature on outcomes of pregnancies involving women with augmentation cystoplasty (Table 1)[2-25]. The main indication for reconstruction in published cases is myelodysplasia which is also normally an indication for invasive prenatal diagnosis using, for example, amniocentesis. However, amniocentesis may not be appropriate if the patient shows adhesions due to previous extensive abdominopelvic surgeries and if the mesenteric blood supply may be damaged by the procedure. While one report of patients with ileocecal cystoplasty indicated that amniocentesis was not performed because of the risk of injury to the bladder vasculature[3], other reports of patients with augmentation cystoplasty showed that it can be performed without complications[4,5]. We recommend adequate doctor-patient communication of the potential risks of different methods of prenatal screening. Our patient refused amniocentesis after prolonged consideration so instead we performed color Doppler ultrasonography.
Our patient suffered repeated urinary tract infections and had a history of pyelonephritis and hydronephrosis. These features appear to affect 60%-100% of pregnant women with a history of augmentation cystoplasty[4-6]. Most studies recommend monthly culture tests of midstream urine to detect and treat infections early and completely. Recurrent urinary tract infections have been associated with premature labor[4,5,7,9,17,26], but our review of 104 pregnancies involving women with a history of augmentation cystoplasty, including the present case, showed that only 11 (10.6%) ended in preterm births. Our analysis of the literature suggests that most reports of premature labor in women with augmentation cystoplasty and recurrent urinary tract infections were published before 2002. This suggests that clinical management of such women has improved. 
Our patient had a history of hydronephrosis during pregnancy, and we identified nine patients who had suffered this condition[4,7-9,11,15,17]. Seven of those cases were treated with ureteral stent or, as in the present case, nephrostomy. Both procedures can relieve obstructions and thereby protect renal function[27]. One study recommended assaying serum creatine monthly and if it increases, performing renal ultrasonography of the upper tract to detect progressive hydronephrosis[4]. Although our patient had only one functioning kidney and experienced two urinary tract infections, pyelonephritis and progressive hydronephrosis during pregnancy, her renal function remained normal. This was likely because she was treated promptly with antibiotics and nephrostomy. Similarly, renal function remained stable throughout pregnancy in all but two of the pregnancies involving women with an augmentation cystoplasty that we identified in the literature. Those two patients suffered complications of hyperchloremic acidosis and hypokalemia[2], or anemia and anuria secondary to bilateral ureteral obstruction[4]. 
Our review of the literature indicates no consensus on a particular mode of delivery as the best for women with augmentation cystoplasty. Of 101 pregnancies for which the mode of delivery was described (including the present case), 72 were vaginal deliveries, with or without instrumental extraction, while the remaining 29 were by cesarean section, 13 of which were conducted because of obstetric indications. 
It is recommended that all patients who have undergone augmentation cystoplasty alone can deliver vaginally in the absence of any obstetric indications[4,5]. For women with a history of enterocystoplasty who had undergone insertion of an artificial urinary sphincter (AUS) together, vaginal delivery may not be indicated because pressure on the AUS may cause ischemic damage to the urinary continence mechanism. Indeed, some studies have suggested that vaginal delivery may increase risk of postpartum incontinence in women who have undergone augmentation cystoplasty combined with bladder neck reconstruction[5]. Other studies, however, have shown that the presence of a reconstructed lower urinary tract, with or without an artificial urinary sphincter, does not preclude normal pregnancy and vaginal delivery[6] and need not affect postpartum continence[10]. 
On the other hand, Cesarean section can damage the neobladder and vascular pedicle[6] leading some to suggest that it should be avoided unless there is a positive obstetric indication[28]. Most reports of cesarean sections performed on pregnant women with a history of augmentation cystoplasty have involved a classical incision rather than a low-segment uterine incision. In fact, some advocate making the incision in an upper rather than lower segment in order to avoid adhesions between the neobladder and surrounding tissues[4,15]. In our case, we made a right lateral longitudinal incision of the corpus uteri, based on the position of the mesentery. Injury of mesentery to the neobladder can occur whether the incision is made higher or lower since the augmentation cystoplasty may be draped over the uterus[12,14]. We suggest that the choice of uterine incision should be individualized. We also recommend two measures that may have contributed to the good outcomes of cesarean section for our patient: (1) Preoperative imaging, especially magnetic resonance imaging, should be performed to gain thorough insight into the patient`s anatomy; and (2) The cesarean section should be performed in the presence of a urologist with knowledge of the cystoplasty, as emphasized in several previous studies[7,10,28,29]. Vesical injection of saline or methylene blue solution may facilitate dissection in patients with marked adhesion, as in the present case. If perforation of the neobladder is suspected, the potential leak should be inspected[4].
Ensuring good pain control during delivery can be challenging in patients with myelodysplasia, such as the present case. Epidural anesthesia is generally not possible in these patients so general anesthesia may be required during cesarean section[11], as we performed in our patient. It may be possible to achieve painless vaginal delivery by inducing extradural anesthesia above the point of myelomeningocele repair[16]. 

CONCLUSION
The present case, together with a relatively small amount of literature, suggests that women who undergo augmentation cystoplasty can have a healthy reproductive life. The most common complications are urinary tract infections and hydronephrosis. During pregnancy, clinicians should closely monitor urine and renal function. Ureteral stent or nephrostomy may be necessary to relieve obstructions and preserve renal function. Augmentation cystoplasty by itself is not a contraindication for vaginal delivery, though it may not be optimal for women who undergo bladder neck surgery. Research is needed to identify the optimal delivery method for such women. When performing cesarean sections on such women, attention should be paid to exploratory preoperative imaging and to consultation with the urologist familiar with the patient`s cystoplasty. 
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Figure Legends
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Figure 1 Magnetic resonance image with balanced turbo field echo, showing that the pregnant uterus vertically stretched the bladder (arrow). 
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Figure 2 Left lateral traction of the neobladder (arrow) after sharp dissection of the adhesion between the uterus (arrow head) and neobladder with an ultrasonic scalpel.
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Figure 3 Right lateral longitudinal incision (arrow) and neobladder (arrow).

Table 1 Characteristics in pregnant patients with augmentation cystoplasty of 17 important previous studies and our case
	Ref.
	 Year
	Patients (n)
	Neobladder
	Pregnancies (n)
	Time of 
delivery
	Urinary complications during pregnancy
	Mode of delivery

	This case
	2021
	1
	Sigmoidocystoplasty
	1
	40+2 GW
	UTI, hydronephrosis 
	CS

	Yamazaki et al[7]
	1997
	1
	Ileocystoplasty
	1
	32 GW
	UTI, hydronephrosis 
	CS

	Yamamoto et al[8]
	1997
	1
	N/A
	1
	N/A
	UTI, hydronephrosis
	CS

	Shaikh et al[12]
	2006
	1
	Ileocystoplasty
	1
	38 GW
	UTI
	CS

	Sagili et al[13]
	2013
	1
	N/A
	1
	40 GW
	None
	VD

	Kapoor et al[14]
	2014
	1
	N/A
	1
	Full term
	UTI
	CS (unsuccessful induction of labor)

	Correia et al[15]
	2015
	1
	Ileocystoplasty
	1
	38 GW
	UTI, hydronephrosis
	CS (orthopedic limitations to vaginal delivery)

	Kameda et al[16]
	2017
	1
	Ileocystoplasty
	1
	38 GW
	N/A
	VD

	Goodwin et al[19]
	1962
	1
	Ileocystoplasty
	1
	Full term
	UTI
	VD

	Kirkeby et al[20]
	1992
	1
	Ileocystoplasty
	1
	Full term
	None
	VD

	Muthulakshmi et al[21]
	2010
	1
	Ileocystoplasty
	1
	37+4 GW
	None
	VD

	Henry et al[22]
	2002
	1
	Ileocystoplasty
	1
	Full term
	UTI
	VD

	Natarajan et al[23]
	2002
	1
	Ileocystoplasty
	1
	37 GW
	UTI
	CS

	Smith et al[2]
	1973
	2
	Ileocystoplasty, colocystoplasty
	3
	39, 35, 30 GW (baby died from atelectasis)
	UTI, incontinence, deterioration of renal insufficiency
	2VD, 1CS (placenta previa)

	Doyle et al[3]
	1988
	2
	Ileocecocystoplasty
	2
	41, 37 GW
	UTI, bladder calculi, incontinence
	2 VD

	Taniguchi et al[9]
	2002
	2
	Sigmoidocystoplasty, ileocecocystoplasty
	2
	36, 36 GW
	UTI, hydronephrosis
	2VD

	Hayashi et al[18]
	2017
	2
	Sigmoidocystoplasty
	2
	N/A
	N/A
	N/A

	Quenneville et al[10]
	2003
	3
	Ileocystoplasty
	3
	All full term
	UTI
	3VD

	Dap et al[17]
	2017
	3
	N/A
	6
	1 premature labor
	UTI, Artificial sphincter 
Infection, hydronephrosis, incontinence
	6CS (3 breech)

	Le Liepvre et al[24]
	2017
	3
	N/A
	5
	1 miscarriage
	UTI, 2 hydronephrosis
	N/A

	Hensle et al[25]
	2004
	4
	N/A
	4
	1 premature labor
	UTI, 1 incontinence
	1VD, 3CS

	Greenwell et al[11]
	2003
	13
	N/A
	13
	35-40 GW
	13 UTI, 3 hydronephrosis
	Majority CS

	Hill et al[4]
	1990
	15
	6 ileocystoplasty, 4 ileocecocystoplasty, 5 sigmoidocystoplasty
	15
	4 premature labor
	9 UTI, 5 incontinence, 1 bilateral ureteral obstruction+anemia+renal function deteriorated
	10VD, 5CS

	Fenn et al[5]
	1995
	18
	N/A
	19
	1 premature labor
	14 UTI, 1 AUS dysfunction
	18VD, 1CS (transverse lie)

	Creagh et al[6]
	1995
	27 
	N/A
	34
	All full term
	All UTI, 6 postpartum incontinence
	28VD, 6CS (4 obstetrical indications, 2 AUS)
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