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Abstract 1 

Background: Congenital lower urinary tract obstruction (LUTO) is a rare but significant cause of 2 

morbidity and mortality. Establishing the prognosis of LUTO remains a challenge, due to the lack of 3 

consensus regarding which parameters can predict fetal outcome.  4 

Objective: To discuss factors that would be able to predict perinatal prognosis and, therefore, provide 5 

both practitioners and parents with some guidance regarding fetal outcome. 6 

Methods: We performed a review of the current literature, including 30 articles written in English and 7 

published between 01/01/2000 and 20/02/2020. 8 

Results: Several parameters are correlated with prognosis in LUTO including bladder dimension, renal 9 

appearance, renal parenchymal area, amniotic fluid volume, gestational age at the appearance of 10 

oligohydramnios, renal vascularization, gestational age at diagnosis and several parameters in the 11 

analytic studies. Recently, two LUTO staging systems were introduced and they comprise several of 12 

these parameters, improving prognosis accuracy. 13 

Conclusion: A single marker cannot accurately predict LUTO fetuses prognosis, and a multiple markers 14 

approach is a more prudent way to evaluate those cases. Further studies are needed to compare the 15 

staging systems previously proposed and to validate them in routine practice. 16 

17 
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Introduction 18 

Lower urinary tract obstruction (LUTO) describes a heterogeneous group of conditions that cause a 19 

bladder outlet obstruction and are characterized by dilated bladder and bilateral hydronephrosis (1). 20 

The estimated prevalence of LUTO is 2.2 to 3.3 out of 10000 live births, and it is mainly caused by 21 

posterior urethral valves (PUV) with a prevalence of 1 in 7000 to 8000 newborns (2–4), followed by 22 

urethral atresia and urethral stenosis.  23 

LUTO causes considerable morbidity and mortality. Due to the obstruction of urine flow, there is 24 

oligohydramnios/anhydramnios that causes pulmonary hypoplasia, although the exact mechanism of 25 

this hypoplasia remains unknown (5). Oligohydramnios can also cause deformities craniofacial and in 26 

the limbs (Potter sequence) (6). Bladder obstruction also causes hydronephrosis and renal damage. 27 

The consequences of this renal damage usually are seen in the first years of life, and it is the leading 28 

cause of end-stage renal failure in children, with an estimated prevalence of 2.2 per 10 000 live births 29 

(7,8). 30 

 LUTO can be diagnosed prenatally with ultrasonography, in the first and second trimester, by the 31 

identification of bladder distention (megacystis), increased bladder wall thickness, keyhole sign 32 

(proximal urethra dilatation), oligohydramnios, hydronephrosis and dysplastic renal change. 33 

Because pulmonary hypoplasia and renal dysfunction are the leading causes of morbidity and 34 

mortality, it was hypothesized that the LUTO bypass in utero would improve fetal prognosis by 35 

reducing the urinary system pressure and increasing the amniotic fluid volume. Two techniques can 36 

be used to perform this LUTO bypass. The first technique developed is vesicoamniotic shunting (VAS) 37 

that decompresses the fetal bladder through the abdominal wall. VAS is an effective method of 38 

reducing the urinary system pressure and increasing the amniotic fluid volume; however, there are a 39 

few complications, such as shunt migration, obstruction and displacement (9). Besides, VAS is not the 40 

most physiological method so that it can interfere with postnatal bladder function (2). To surpass these 41 

consequences, fetal cystoscopy with valve ablation was developed and is, currently, the most 42 

preferred technique for PUV because it allows a more physiologic bladder drainage (9). So, although 43 

promising, the role in decreasing morbidity and mortality of these techniques is controversial, and a 44 

recent systematic review by Chen et al. showed that there was no statistical difference in survival 45 

between the interventional and the conservative group (10). The selection of the fetuses is 46 

controversial and may constitute a limitation to the interpretation of results since most of the fetuses 47 

submitted to intervention have a more severe disease (10). 48 
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Even though it is considered a rare condition, it is of foremost importance due to prevalence of 49 

complications that brings to fetus. The determination of prenatal prognostic factors is essential to 50 

provide better counselling to parents, as well as to allow a better definition of perinatal management.  51 

Moreover, it is also crucial to establish the prognosis as early as possible in pregnancy, in order to 52 

reduce psychological and obstetric complications in cases of termination of pregnancy.  53 

Our objective is to discuss factors that would be able to predict perinatal prognosis and, therefore, 54 

give the practitioners and parents some guidance regarding fetus outcome. 55 

56 
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Methods 57 

We performed a search in the PubMed database. Specific search terms were: ‘lower urinary tract 58 

obstruction’, ‘posterior urethral valves’, ‘urethral obstruction’, ‘megacystis’ and ‘prognosis’, ‘prognosis 59 

factors’ and ‘prenatal diagnosis’, ‘prenatal ultrasonography’. The search was restricted to human 60 

studies and time-restricted between 01/01/2000 and 20/02/2020. 61 

From the electronic search were obtained 184 studies. We excluded articles that were not written in 62 

the English language (18 articles) and case reports (32 articles) because of the reduced level of 63 

evidence. From the title and abstract review, 81 articles were excluded, 19 did not have an association 64 

with prognosis, 10 did not have a prenatal evaluation, 39 because they were associated with fetus 65 

intervention, nine were not the population required and four did not have an available abstract. From 66 

the full article review, 23 articles were excluded because they did not fulfill the criteria above. So, 30 67 

articles were reviewed and mainly included retrospective observational studies, but also meta-68 

analysis, reviews and prospective studies (Figure 1). 69 

70 
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Establishing LUTO Prognosis 71 

Ultrasonography, fetal urinalysis and gestational age at diagnosis are used to establish the prognosis 72 

in cases of LUTO. Several parameters have been proposed to estimate renal function after birth, in the 73 

first few months of life and long-term. Non-invasive methods are always an advantage. Fetal blood and 74 

urine biochemistry, as invasive procedures, should be used as a second line markers (11). 75 

 76 

Ultrasound predictors  77 

Ultrasonography is the most valuable tool in prenatal diagnosis. Also in LUTO, several ultrasound 78 

markers are used in diagnosis and, simultaneously, to establish the severity of the condition.  79 

Bladder Dimension 80 

Megacystis can be seen in ultrasonography very early in the pregnancy, sometimes by the 10th week 81 

gestation, when urine production begins (12). However, megacystis is not always associated with 82 

LUTO, and there are some cases of spontaneous resolution, so serial ultrasounds are crucial. 83 

Megacystis is defined, in the first trimester, as a longitudinal fetal bladder diameter шϳmm and, in the 84 

second and third trimester, as a failure of emptying the bladder in 45 min or as a longitudinal bladder 85 

diameter greater than the gestational age in weeks plus twelve (13–15). Nonetheless, a single 86 

measurement in the first trimester is somewhat unreliable because the fetus doubles in size between 87 

the 10th and 14th week of gestation (16). 88 

Spontaneous resolution happens in 30% of cases (10,13) and, in these cases, megacystis is due to an 89 

immaturity of the sympathetic system (17) and smooth muscle in the fetal bladder because neurons 90 

only migrate to the bladder by the 13th week post-conception (18). Consequently, when megacystis is 91 

diagnosed, a follow-up ultrasound should be made two weeks later, and, when the bladder length 92 

returns to normal values, the outcome is favorable (19). Besides, early megacystis (before 1ϴ weeks’ 93 

gestation) have a more significant probability of resolution than the late megacystis. Fontanella et al. 94 

showed that when spontaneous resolution occurs before the 23rd week, the postnatal outcome is 95 

invariably good (13). Longitudinal bladder diameter (LBD) is a useful parameter in cases of early 96 

megacystis (before 1ϴ weeks’ gestation) since a smaller bladder is predictive of spontaneous resolution 97 

(13) and, therefore, better prognosis. Gestational age at resolution is a good predictor of postnatal 98 

outcome. So, this study established a cut-off of 12mm for spontaneous resolution and a gestational 99 

age cut-off of 23 weeks (13). 100 
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It is recognized that a longitudinal bladder diameter (LBD) >15mm, in the first trimester, is correlated 101 

with an adverse outcome (13,20). However, when LBD is between 7 and 15 mm in the first trimester, 102 

the effect on outcome is not so clear (19). Before 14 weeks of gestation, when LBD between is between 103 

7 and 15 mm, spontaneous resolution of megacystis occurs in 90 %, however, when LBD is superior to 104 

15 mm, it is invariably associated with progressive obstructive uropathy (20).  105 

Fontanella et al. suggested that bladder volume at diagnosis could predict perinatal mortality and 106 

established a cut-off of 5.4 cm2, with the prognosis worsening with the increasing bladder volume (6).  107 

 108 

Renal appearance  109 

In addition to dilation of the excretory system, in LUTO there is an increased renal hyperechogenicity, 110 

multicystic appearance and, ultimately, renal dysplasia.  111 

Renal hyperechogenicity and renal cortical cysts can predict renal failure, as revealed by the 112 

metanalysis performed by Morris et al., which showed a sensitivity of 0.57 (0.37-0.76) and specificity 113 

of 0.84 (0.71-0.94) (21). The presence of renal hyperechogenicity, cortical cysts and ultrasonographic 114 

findings suggestive of dysplasia were, also, negatively associated with perinatal survival with an OR of 115 

0.1 (95% CI, 0.04–0.42) (6), negatively correlated with six months survival and their presence increased 116 

the risk of abnormal renal function at six months (1).  117 

Contrarily, a few studies analyzing long-term renal outcome showed that abnormal renal parenchyma 118 

and renal cysts did not predict final renal outcome (7,22) or influenced perinatal survival (23). 119 

Furthermore, renal hyperechogenicity and dysplasia are subjective parameters and can be influenced 120 

by the degree of dilation of the excretory system (24).  121 

However, it is possible that renal cortical appearance can guide further evaluation of the fetus despite 122 

not being able to establish outcome as a single parameter (25). 123 

 124 

Renal Parenchymal Area 125 

Renal parenchymal area (RPA), defined as the area of the kidney in maximal longitudinal length minus 126 

the area of the collecting system, has been proposed as a marker of nephron mass and, therefore, 127 

long-term estimated glomerular filtration rate (eGFR) and renal function (26).  128 
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Moscardi et al. found that renal parenchymal area growth in the third trimester of pregnancy was 129 

predictive of renal function at one year of life. Fetuses in which renal parenchymal area growth 130 

stagnated developed end-stage renal disease (ESRD), and it remained linear in patients with non-ESRD 131 

(7). The authors established an RPA cut-off of 8 cm2 during the third trimester to distinguish children 132 

who will develop ESRD, predicting 88% of children who will develop ESRD (7). After VAS, fetuses with 133 

RPA<8 cm2 are six times more likely to develop ESRD in the first year of life (7). These results look 134 

promising, however, we cannot exclude results bias since VAS was made in all patients. 135 

 136 

Amniotic Fluid Volume 137 

Amniotic fluid volume reflects fetal diuresis (27) and is a valuable prognosis factor after 16 weeks (14). 138 

In the first trimester, because fetal skin is permeable to water and solutes, fetal diuresis has a minor 139 

role in amniotic fluid volume.  140 

Several studies found a correlation between amniotic fluid volume and renal function, in which the 141 

presence of oligohydramnios/anhydramnios predicts poor renal function (21,22,24,28–30). Morris et 142 

al. reported that oligohydramnios could predict renal failure with a sensitivity of 0.63 (0.51-0.74) and 143 

specificity of 0.76 (0.65-0.85) (21). Additionally it presented a positive LR of 17.0 (2.4-122) for 144 

predicting renal failure (24). Oligohydramnios is a good predictor of increased serum creatinine in the 145 

first year of life, with a sensitivity of 1 and specificity of 0.67 (29). Oligohydramnios is negatively 146 

correlated with overall survival (1,10,23,28,31). The OR of perinatal mortality is 6.0 (95% IC, 1.26-28.5) 147 

(23) and 5.13 (95% IC, 1.04–25.33) (28) and the OR of six months survival is 0.03 (95% CI, 0.00-0.67) 148 

(1).  149 

Nevertheless, fetuses that have a normal volume of amniotic fluid can also develop renal impairment 150 

(32) and, even in cases where the fetus has oligohydramnios, it failed to predict postnatal renal 151 

function, since 47.8% of the children had normal serum creatinine levels at follow-up (25). 152 

Gestational age at the appearance of oligohydramnios is also a parameter that was considered as a 153 

predictor of perinatal mortality, with a good cut-off at 2ϲ weeks’ gestation (6). However, according to 154 

Bernardes et al., it failed as a predictor of renal failure (25).  155 

 156 

 157 
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Renal Vascularization 158 

In one study, renal vascularization evaluated by doppler of the renal artery was significantly lower in 159 

fetuses with long-term poor renal outcome (33). This parameter looks promising but needs further 160 

studies. 161 

 162 

Keyhole sign  163 

Keyhole sign is a classic diagnostic criterion of lower urinary tract obstruction, but it is not reliable at 164 

predicting the etiology (34) or the prognosis (7).  165 

 166 

Fetal gender  167 

There is no difference in survival rate between male and female fetuses (10). Male fetuses, however, 168 

are much more affected than female fetuses because of the effect of posterior urethral valves in the 169 

incidence of LUTO. When a female fetus is affected, usually involves pathology with greater severity 170 

(35). 171 

 172 

Gestational age at diagnosis   173 

Gestational age at diagnosis has been proposed as a prognosis parameter because severe cases tend 174 

to have signals (bigger bladder volumes, hydronephrosis or oligohydramnios) earlier (6). Survival is 175 

significantly better when LUTO diagnosis is made later in the pregnancy (36). A meta-analysis, including 176 

five articles, showed that non-survivors are diagnosed 3.43 weeks earlier than survivors (10). However, 177 

some authors did not found differences in renal impairment (25,37). 178 

Morris et al. showed that when the diagnosis occurs at or after 24 weeks, survival rates were higher 179 

(OR 11.0;  95% IC, 2.9-41.8) (31). Also, when the diagnosis was made before 24 weeks, postnatal renal 180 

failure was higher (p=0.03) (22), with a sensitivity of 80% and specificity of 8% predicting poor long-181 

term renal outcome (38). However, other studies did not find a difference in outcome when the 182 

diagnosis was made before or after 24 weeks (8,39). 183 

 184 
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Analytic studies   185 

Fetal urine and blood biochemistry have been proposed as promising methods in the evaluation of 186 

renal outcome, pulmonary hypoplasia and overall prognosis of LUTO patients presenting with bladder 187 

enlargement, especially before 23 weeks.  188 

- Urine biochemistry 189 

Several urine parameters have been analyzed in order to define which ones would stratify renal 190 

outcome and, therefore, predict fetal prognosis. The markers evaluated include sodium, β-2-191 

microglobulin, calcium, chloride, phosphorus, glucose, osmolality, total protein and cystatin C. Also, 192 

several studies combine urinary analytes (40). We need to take into consideration that these 193 

parameters will vary accordingly to gestational age due to kidney maturation. Urine will progressively 194 

become more hypotonic, with the increased reabsorption of sodium and β2-microglobulin (35). 195 

 196 

Sodium  197 

Urinary sodium concentration is a standard analyte used in renal function evaluation. A systematic 198 

review including articles until 2006, showed that calcium above 95th centile for gestational age had a 199 

positive likelihood ratio (LR) of 4.46 (95% CI, 1.71-11.6) and a negative LR of 0.39 (95% CI, 0.17-0.88) 200 

predicting poor postnatal renal function (35). Moreover, increased sodium was 61% sensitive and 201 

100% specific predicting short-term poor postnatal renal outcome (41), and 67% sensitive and 85% 202 

specific predicting long-term (ш10 years) renal outcome (38). 203 

 204 

Calcium  205 

Similarly to sodium, urinary calcium concentration showed, in the same systematic review comprising 206 

nine articles analyzing this parameter, a positive LR of 6.65 (95% CI, 0.23-190.96) and a negative LR of 207 

0.19 (95% CI, 0.05-0.74) predicting poor postnatal renal function (35). Also, increased urinary calcium 208 

showed a 64.5% sensitivity and 100% specificity predicting short-term renal function (41) and 73% 209 

sensitivity and 65% specificity predicting long-term (ш10 years) renal outcome (38). 210 

 211 

 212 
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β2-microglobulin 213 

β2-microglobulin is a protein found in all nucleated cells, particularly lymphocytes. This protein is freely 214 

filtered in the glomeruli and suffers reabsorption and metabolism by the proximal tubule (42). Serum 215 

creatinine cannot be used as a renal function marker in fetuses because it crosses the placenta, and it 216 

is cleared by the mother, so that we would be overestimating fetal renal function. Serum β2-217 

microglobulin does not cross the placenta and is freely filtered in the glomeruli so it can be used as a 218 

marker of glomerular filtration and renal function.  219 

In a systematic review with results from six articles, urinary β2-microglobulin showed a positive LR of 220 

2.92 (95% CI, 1.28-6.69) and a negative LR of 0.53 (95% CI, 0.24-1.17) predicting poor postnatal renal 221 

function (35), which does not support the hypothesis of this marker as a prime predictor of prognosis. 222 

Contrarily, Abdennadher et al. (41) reported a sensitivity and specificity of ϴ1й and ϴϵй for β-2-223 

microglobulin predicting poor renal outcome, respectively. Also, it was the single prime marker 224 

predicting long-term renal outcome (ш10 years), with a sensitivity and specificity of 87% and 72%, 225 

respectively (38).  226 

 227 

Chloride  228 

Urinary chloride concentration >90 mmol/L, in a systematic review with three articles, had a positive 229 

LR of 3.09 (95% CI, 0.57-16.71) and a negative LR of 0.46 (95% CI, 0.15-1.42) predicting poor postnatal 230 

renal function (35) and an increase in chloride correlated with poor renal prognosis (41). Also, chloride 231 

showed a 47% sensitivity and 90% specificity predicting long-term renal prognosis (38). 232 

 233 

Cystatin C 234 

Cystatin C, similarly to β2-microglobulin, minimally crosses the placenta and is not cleared by the 235 

mother. This molecule seems to be superior to β2-microglobulin because it is produced at a constant 236 

rate by nucleated cells, and its concentration does not diminish with gestational age (43).  Cystatin C, 237 

therefore, is potentially an ideal prognostic marker and it is expected, in cases of tubular dysfunction, 238 

to be increased in urine. Acar et al. hypothesized and observed that cystatin C is significantly higher in 239 

fetuses with LUTO compared to controls and that cystatin levels increase in serial measurements 240 

according to gestational age (44).  241 
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Fetal Urinary Peptides 242 

Klein et al. studied a combination of 26 urine peptides that predict renal outcome in fetuses with PUV, 243 

with an estimated 88% sensitivity and 95% specificity (45); also, Buffin-Meyer et al. used a combination 244 

of 24 metabolite features and 12 peptide biomarkers to predict renal outcome, using CE-MS 245 

technology. Furthermore, the combination of metabolite and peptide classifier predicted renal 246 

function of 86% of fetuses with PUV (46). These two studies are promising; however, the technique 247 

and technology involved are not yet available and accessible for routine use. 248 

 249 

Combination of markers 250 

There is some disparity in the studies regarding which parameter has enough accuracy in order to 251 

predict fetus prognosis safely (38). Consequently, it was hypothesized that a combination of urinary 252 

parameters would better predict outcome. 253 

A combination of urinary sodium < 100 mEq/L, chloride < 90 mEq/L, osmolarity < 200 mOsm/L and 254 

beta2-microglobulin ф ϲ mg/L, between 1ϴ and 30 weeks’ gestation in the latest sample in a set of 255 

serial samples, out of a maximum of three samples collected throughout 48 h, is which classically 256 

defines as criteria for a good outcome (1,47,48).  257 

 258 

- Blood biochemistry 259 

β2-microglobulin 260 

Increased fetal serum β2-microglobulin showed a sensitivity between  66 and 90%, and specificity 261 

between 85 and 100% (11,43). 262 

Dommergues et al. showed that fetal serum β2-microglobulin over 5mg/L seems to be less sensitive 263 

(ϲϲй) but more specific (100й) than urine β2-microglobulin over 2 mg/L (83% specific and 80% 264 

sensitive) predicting postnatal serum creatinine above 50 mol/L at one year of age in children with 265 

bilateral or low obstructive uropathies (11).  266 

Despite an apparent correlation between β2-microglobulin and postnatal serum creatinine, there are 267 

fetuses with normal serum β2-microglobulin and decreased kidney function after birth (11). Moreover, 268 

we do not know the variation of this marker with gestational age and what is the best timing to assess 269 
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serum β2-microglobulin, since its reabsorption increases with gestational age and, therefore, kidney 270 

maturation.  271 

Also, Spaggiari et al. proposed that serial β2-microglobulin assay is more accurate than a single assay 272 

in predicting renal outcome and that this marker either stabilized or increased. Additionally, this study 273 

found that using the same >5mg/L cut-off, the sensitivity increased to 96% when a second 274 

measurement of serum β2-microglobulin was made, later in the pregnancy (27).  275 

 276 

Cystatin C 277 

One study reported that increased serum fetal cystatin C predicted postnatal impaired renal function 278 

with 64% sensitivity and 92% specificity (43). 279 

 280 

LUTO Staging 281 

All the factors referred above help to predict prognosis, however, it is not prudent to establish a fetus 282 

approach with a single marker (1,49). In this light of thought, a combination of prognosis factors will 283 

be useful in predict outcome and better guide parents decision (1,6). To our knowledge, there are two 284 

staging systems proposed in the literature, one by Ruano et al. (1) and another by Fontanella et al. (6) 285 

Ruano et al. proposed a classification of LUTO cases in to Stage I (mild LUTO), Stage II (severe LUTO 286 

with prenatal finding predictive of good renal function) and Stage III (severe LUTO with prenatal finding 287 

suggestive of abnormal renal function). (1) Stage I are fetuses with normal amniotic fluid volume and 288 

normal renal function, classified by the ‘favorable’ fetal urinary biochemistry and no evidence of fetal 289 

renal cysts/dysplasia. This group has a very favorable prognosis regarding survival and six months’ 290 

renal function. For this group, the authors suggested expectant management with weekly ultrasounds, 291 

with fetal intervention if oligohydramnios appeared (1). In Stage II, fetuses have oligohydramnios and 292 

severe bilateral hydronephrosis with evidence of good renal function (no evidence of fetal renal 293 

cysts/dysplasia and ‘favorable’ fetal urinary biochemistry). For fetus in this group, the authors 294 

suggested fetal intervention, to prevent severe pulmonary hypoplasia and minimize the renal damage. 295 

In Stage III, fetuses have oligohydramnios/anhydramnios (after 1ϴ weeks’ gestation) and severe 296 

bilateral hydronephrosis but with signs of already ‘abnormal renal function’ (ultrasound findings 297 

suggesting renal cortical cysts and/or ‘renal dysplasia’ and/or ‘non-favorable’ fetal urinary 298 
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biochemistry). Fetuses have a poor prognosis, with severe pulmonary hypoplasia, high perinatal 299 

mortality and renal failure requiring dialysis. Fetal intervention was not offered in this group. (1) 300 

Fontanella et al. proposed a staging system with parameters that influenced renal function in the first 301 

year of life and perinatal survival. The parameters that showed better accuracy were gestational age 302 

at the first evidence of oligohydramnios and calculated bladder volume (6). The authors established a 303 

classification of LUTO into Mild LUTO that was classified as having normal AF at 2ϲ weeks’ gestation 304 

and enlarged bladder, with the risk of perinatal mortality of 8.6%;  Moderate LUTO classified as a 305 

bladder volume < 5.4 cm3 and/or normal amniotic fluid volume at 20 weeks; and Severe LUTO 306 

classified as a bladder volume ш 5.4 cm3 and/or oligo or anhydramnios before 20 weeks. (6) In terms 307 

of prognosis, according to this classification, the Mild LUTO group has a risk of perinatal mortality of 308 

9% and risk of severely impaired renal function of 11%, these results increased to 26% and 31% for the 309 

Moderate LUTO group, and finally to 55% and 44% for Severe LUTO group, respectively (6). 310 

311 



15 

 

Conclusion 312 

The management of fetus with LUTO remains a challenge for fetal medicine specialists. There are many 313 

factors that can help to define the prognosis, but none alone has the capacity to predict outcome 314 

accurately. The lack of consensus on which parameters can better predict the outcome may be due to 315 

the type of study undertaken and to the differences in methodology used and outcome considered. 316 

The most prudent way to stage and differentiate those fetuses is using a combination of factors, as 317 

accomplished by the two groups of authors.  318 

In the future, it could be interesting to compare the two staging systems currently available. 319 

320 
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