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Abstract
BACKGROUND
Chronic kidney disease (CKD) affects almost 3% of females of child-bearing age, who have a high risk of adverse maternal and fetal outcomes. Additionally, high renal burden as a result of pregnancy may lead to deterioration of renal function. An increasing number of women with CKD stages 3 to 5 have a strong desire to conceive, and both obstetricians and nephrologists are faced with enormous challenges in terms of their treatment and management. 

CASE SUMMARY
The case of a 35-year-old pregnant woman with a 10-year history of mild mesangial proliferative glomerulonephritis is described here. CKD progressed from stage 3 to stage 5 rapidly during pregnancy, and protective hemodialysis was started at 28 wk of gestation. Due to preeclampsia at 34 wk of gestation, cesarean section was performed and a healthy baby was delivered. Hemodialysis was discontinued at 4 wk postpartum. After 1 year of follow-up, her renal function was stable, and her baby exhibited good growth and development.

CONCLUSION
Protective hemodialysis during pregnancy can prolong gestational age and improve maternal and fetal outcomes in women with advanced CKD.
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Core Tip: Chronic kidney disease (CKD) affects almost 3% of females of child-bearing age, who have a high risk of adverse maternal and fetal outcomes. Only scarce cases of protective hemodialysis for CKD during pregnancy have been reported. We present herein the first case of successful pregnancy after protective hemodialysis for CKD in our institution. This case highlights the ultimate importance of protective hemodialysis. Protective hemodialysis during pregnancy can prolong gestational age and improve maternal and fetal outcomes in women with advanced CKD.

INTRODUCTION
Chronic kidney disease (CKD) is a global health issue that is characterized by abnormalities in the kidney structure or function that typically lasts for over 3 mo and has serious health implications[1,2]. CKD affects almost 3% of females of child-bearing age[3]. As a result of the decline in renal function, the incidence of complications during pregnancy increases significantly[7,9]. Additionally, the likelihood of the progression of abnormalities in kidney function during pregnancy increases with each successive stage of CKD[4,,5]. A previous study reported that nearly half of women with moderate and severe renal insufficiency (serum creatinine > 1.4 mg/dL) experience a decline in kidney function during pregnancy, and 23% of them progress to end-stage renal disease (ESRD) at 6 mo postpartum[6]. Another study in 2015 reported that two in ten patients with CKD stages 4 and 5 required dialysis[4]. 
Almost 98% of women with CKD stages 1 and 2 have a successful pregnancy; in this population, significant loss of renal function is unlikely, but possible[7]-[8,9,10]. The incidence of preterm labor in patients with CKD stage 3 is up to 75%, and in 50% of cases of preterm labor, delivery occurs before 34 wk of gestation[4]. In patients with CKD stages 4 and 5 (including patients who start dialysis after conception), the average gestational age at delivery is 33 wk and more than 50% of the neonates are small for age[4,,11,,12]. Over the years, the pregnancy outcomes of women with CKD (including advanced CKD) have been gradually improving in a way that is consistent with the advances in medical techniques[13]. In particular, an increasing number of women with CKD stages 3 to 5 have a strong desire to conceive. However, the number of reported cases of pregnancy in women with CKD stages 3 to 5 is still limited. As a result, both obstetricians and nephrologists are faced with enormous challenges in terms of providing individualized clinical strategies that are necessary. 
In this case report, we describe a 35-year-old woman with CKD stage 3 that progressed to stage 5 during pregnancy. She received protective hemodialysis treatment, and she delivered a healthy baby at 34 wk of gestation. Hemodialysis was ceased at 4 wk postpartum and her renal function maintained stable during the 1-year follow-up.

CASE PRESENTATION
Chief complaints
A 35-year-old Chinese woman with CKD was admitted to our hospital at 28 wk of gestation due to a rapid decline of renal function.

History of present illness
The patient presented at the clinic at 6 wk of gestation with a high serum creatinine level (145 μmol/L), severe proteinuria (3.91 g/24 h), and normal blood pressure (eGFR = 40.6 mL·min-1·1.73 m-2). She was in CKD stage 3. We stressed on the enormous risk of pregnancy to her and her family, but the patient insisted that she wanted to continue with the pregnancy. Based on the patient’s wish to continue with the pregnancy, she was prescribed prednisolone acetate (12.5 mg), tacrolimus (3.5 mg), hydroxychloroquine (300 mg), and folic acid (5 mg) daily. At 12 wk of gestation, she began to take aspirin (100 mg daily) to reduce the risk of preeclampsia. Antenatal care was provided every 2 wk during the second trimester and every week during the third trimester. The nutriture, blood pressure, and renal function of the patient, and fetal growth were closely monitored, as was blood flow in the uterine and umbilical arteries. The risk of chromosome abnormality in the fetus was found to be low through noninvasive prenatal testing, and the fetus developed at a normal rate without malformation. The patient’s renal function declined rapidly to CKD stage 5 during the second trimester. At 28 wk of gestation, her serum creatinine level increased to 343 μmol/L, and this was accompanied by severe proteinuria (4.95 g/24 h), a high urea level (15.1 mmol/L), and high blood pressure (eGFR = 14.2 mL·min-1·1.73 m-2). 

History of past illness
The patient had a 10-year history of mild mesangial proliferative glomerulonephritis. During her 10-year disease course, repeated withdrawal of medication in preparation for pregnancy had led to multiple recurrences of kidney disease and a decline in renal function. 
One year ago, she visited our hospital for preconception counselling. At the time she visited the hospital, she was in CKD stage 2, and had increased serum creatinine levels (94 μmol/L) and proteinuria (2.92 g/24 h). She had been regularly taking prednisolone acetate (15 mg/d) and leflunomide (20 mg/d) for 6 mo. The adverse impact of pregnancy on renal function and the risk of obstetric complications were explained to her in detail. However, the patient expressed her strong desire to conceive, despite the risk of developing ESRD. Based on the guidance of the doctor, leflunomide was discontinued, and she started taking prednisolone acetate (15 mg), tacrolimus (3 mg), hydroxychloroquine (300 mg), and folic acid (400 µg) daily. 

Physical examination
The patient’s heart beat was 96 bpm, temperature was 36.2 ℃，respiration rate was 18 breaths per minute, blood pressure was 145/95 mmHg. Fetal heart rate was 155 bpm. There was no lower extremity edema.

Laboratory examinations
Blood biochemical and urine analyses revealed a high serum creatinine level (343 μmol/L), high urea level (15.1 mmol/L), low albumin level (24.5 g/L), and severe proteinuria (4.95 g/24 h) (eGFR = 14.2 mL·min-1·1.73 m-2). The hemoglobin level was at 80 g/L. 
The changes in the serum creatinine level during pregnancy and in the postpartum period are shown in Figure 1, and the corresponding serum albumin and urinary total protein values are shown in Figure 2.

Imaging examinations
Obstetric ultrasound revealed normal development of the fetus and normal blood flow in the uterine and umbilical arteries.

FINAL DIAGNOSIS
The diagnosis of the presented case at 28 wk of gestational was CKD stage 5 and gestational hypertension.

TREATMENT
To prevent urea fetotoxicity, the patient was placed on protective intensive hemodialysis four times a week (3.5 h per session, without significant ultrafiltration), coupled with treatment for anemia and hypoalbuminemia. Additionally, labetalol hydrochloride (200 mg/d) was added to her regimen and her blood pressure returned to normal. 
In order to accelerate fetal lung maturity, dexamethasone was administered at 28 wk and 32 wk of gestation. At 34 wk of gestation, her blood pressure increased to 170/110 mmHg and could not be controlled by medication; this could be a presentation of severe preeclampsia. Based on the patient’s obstetric indications, an elective caesarean section was carried out at 34 wk, and a baby weighing 2.08 kg was delivered. 

OUTCOME AND FOLLOW-UP
The baby was in good condition and was discharged after 16 d of care in the neonatal intensive care unit. One week after delivery, that patient’s serum creatinine level was 450 μmol/L and she had proteinuria (6.32 g/24 h). However, her serum potassium and urine volume were normal and acidosis was not noted. Hemodialysis was continued with its frequency adjusted to once a week and was ceased at 4 wk postpartum. She continued to take the prescribed medication regularly. After 1 year of follow-up, her urinary total protein excretion gradually decreased to 2 g/24 h, but the serum creatinine concentration remained high at around 400 μmol/L. Her baby showed good growth and development.

DISCUSSION
In the present report, we describe the case of a female patient with CKD who wanted to conceive despite the associated risks. In such patients, it is necessary to assess the risk of adverse outcomes and the chances of a successful pregnancy before conception, and recommendations should be made according to the underlying renal disease, baseline renal function, the degree of proteinuria, and blood pressure[7]. 
Hypertension is a risk factor for renal function decline. Therefore, in women with CKD who want to conceive, it is recommended that the blood pressure be maintained at < 140/90 mmHg before conception and at < 135/85 mmHg during pregnancy[14]. Additionally, proteinuria (> 1 g/24 h) is an independent risk factor for preterm birth[4], and renal function deteriorates more rapidly in patients with proteinuria (urinary protein excretion, over 1 g/24 h) and low eGFR (less than 40 mL·min-1·1.73 m-2)[15]. In the present case, pregnancy was not recommended based on the low eGFR and severe proteinuria observed in early pregnancy. However, the patient insisted on conceiving despite the risk of developing to ESRD, as she was aware that her renal function would gradually decline in the future even if she did not give birth to a baby.
During pregnancy in women with CKD, urea fetotoxicity is likely to occur prior to maternal indications for dialysis[16]. Previous studies discovered a positive correlation between elevated urea levels and fetal mortality before dialysis[17,,18]. In a study conducted in the 1960s, it was reported that no infant survived in five women with urea > 22.5 mmol/L[17]. Thus, for women with advanced CKD during pregnancy, the indication for dialysis depends on the level of urea toxicity in the fetus[16]. 
Hemodialysis should be implemented in pregnant women with a creatinine clearance rate less than 20 mL/min or a serum urea level over 17 mmol/L or 20 mmol/L[16,,19]. The live birth rate is as high as 70% in all pregnant women with CKD requiring hemodialysis, and it is 91% in women with CKD who conceive before dialysis[11,,20]. Therefore, in the present case, we conducted intensive protective hemodialysis to avoid urea fetotoxicity and fetal death.
According to nephrologists in the United States, hemodialysis is recommended for 4-4.5 h for 6 d/wk or an average of 23 ± 7 h/wk[20], whereas Italian experts suggest a minimum of 36 h/wk of hemodialysis during pregnancy[21]. The target predialysis urea level is less than 15 mmol/L following day break[19]. Due to the poor tolerance of the patient in this case, the frequency of hemodialysis was adjusted.
According to the U.S. Preventive Services Task Force, CKD is a high-risk factor for preeclampsia, and treatment with low-dose aspirin (75-150 mg/d) is recommended before 16 wk of gestation to reduce the risk of preeclampsia[14,,22]. Hypertension is a frequent comorbidity of ESRD, but the possibility of preeclampsia must be considered if hypertension gets worse or damage to other maternal organs, fetal growth restriction, or abnormal flow in the uterine and umbilical arteries is observed[23]. In the present case, although without other maternal organ damage and fetal growth abnormal, the blood pressure could not be controlled with medication at 34 wk as a presentation of severe preeclampsia. 
Determining the appropriate timing of birth is very important. It is recommended that the decision about the timing and mode of birth for women with CKD be determined based on the obstetric indications, considering deteriorating renal function and hypertension[14,,23]. Protective hemodialysis can help to prolong gestational age, and in the absence of maternal and fetal complications, patients on hemodialysis can deliver after 37 wk of gestation[19,,24]. In this case, caesarean section was performed due to the occurrence of severe preeclampsia at 34 wk of gestation.

CONCLUSION
The findings in the present case indicate that protective hemodialysis during pregnancy is beneficial to women with ESRD. Thus, in keeping with the reports of published studies, protective hemodialysis during pregnancy can prolong gestational age and improve the maternal and fetal outcomes in women with advanced CKD.
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Figure Legends
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Figure 1 Changes in serum creatinine level during pregnancy and the postpartum period. HD: hemodialysis; CS: Caesarean section; SCr: Serum creatinine.
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Figure 2 Changes in serum albumin and urinary total protein excretion during pregnancy and the postpartum period. ALB: Albumin; UTP: Urinary total protein; HD: Hemodialysis; CS: Caesarean section.
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