http:// iip.mums.ac.ir
Original Article (Pages: 17212-17218)

Anatomical Disorders of Urinary System in Neonates with
Prenatal Hydronephrosis

Majid Rahmani !, * Amin Sadat Sharif 2, Hamidreza Talari 3, Mohammad Javad Azadchehr 4,
Sajedeh Ghorbani °

1 Pediatric Department, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, Iran.
2 Pediatric Department, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, Iran.
3 Radiology Department, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, Iran.
4 Infectious diseases research center, Kashan University of Medical Sciences, Kashan, Iran.

5 Faculty of Medicine, Kashan University of Medical Sciences, Kashan, Iran.

Abstract

Background: Among urinary tract anomalies, hydronephrosis is particularly important, so it is the
most common congenital defect that is detected in a pregnancy ultrasound. The causes of
hydronephrosis are varying from transient to severe disorders. This study aimed to evaluate the types
of anatomical disorders of the urinary system in neonates with a history of prenatal hydronephrosis.

Methods: In this cross-sectional study, 40 neonates with prenatal hydronephrosis were examined. In
infants with severe bilateral hydronephrosis, posterior urethral valve (PUV) in male fetus, dilated
bladder, and trabeculae, ultrasound was performed as soon as possible, and in the rest of the infants in
3-7 days. In cases of mild hydronephrosis, the infant was followed, and in moderate and severe cases
voiding cystourethrogram (VCUG) was performed in 6-8 weeks. In the absence of vesicoureteral
reflux (VUR), a diethylenetriamine pentaacetate (DTPA) scan was performed to exclude obstructive
uropathy. The data was analyzed through SPSS 26, using Fisher’s exact test and repeated measures
ANOVA.

Results: Among 40 neonates (33 boys), the prevalence of anatomical disorders of the urinary system
was 77.5%, and Ureteropelvic Junction Obstruction (UPJO) was the most frequent one with 54.8%. In
infants with UPJO disorder, the mean anterior-posterior diameter (APD) of the pelvis increased
significantly from the second trimester to infancy (p<0.001).

Conclusion: The risk of adverse postnatal outcomes is significantly increased by the degree of
prenatal hydronephrosis. Prenatal pelvic APD and associated urinary tract abnormalities can predict
significant neonatal nephropathy and the need for postpartum surgery. Prenatal consultation with a
pediatric nephrologist and urologist is helpful in reducing parental anxiety and facilitating postpartum
management.
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Neonatal hydronephrosis and anatomical disorders

1- INTRODUCTION

Hydronephrosis is the most common
congenital defect detectable by prenatal
ultrasonography (1). The renal ultrasound
examination can  detect urological
abnormalities in 1-2% of fetuses and in
approximately 0.5% of newborns (2).
Approximately 50 to 87% of all babies
with genitourinary abnormalities have
hydronephrosis (3, 4). More than 80% of
cases of fetal hydronephrosis are
diagnosed after 30 weeks of gestation (5).
Prenatal hydronephrosis refers to the
abnormal dilatation of the fetal renal
collecting system (6). A transverse view of
the kidney is used to measure the anterior-
posterior diameter (APD) of the pelvis
when diagnosing fetal hydronephrosis
based on the mother's gestational age (7).
Prenatal  hydronephrosis has  many
differential diagnoses, from transient cases
to basic anatomical disorders including
reflux and obstruction.

In most studies, ultrasound is the best way
to follow up these neonates after birth. The
anteroposterior diameter of the pelvis is
essential to decide how to proceed. Many
studies confirm that the severity of
hydronephrosis has a positive relationship
with postpartum hydronephrosis, the need
for surgery, and the risk of urinary
infection. Fetuses with minimal pelvic
dilatation have a low risk of postpartum
pathology, while APD > 15 mm in
pregnancy is a sign of severe
hydronephrosis, and it needs careful
follow-up (8). Various opinions exist
about patient follow-up; some recommend
performing all diagnostic methods, such as
urinary cystourethrography (VCUG) and
diethylenetriamine pentaacetate (DTPA),
while others select methods based on the
degree and nature of hydronephrosis (8-
11).

Diagnosing fetal hydronephrosis is a
diagnostic and therapeutic problem. For
these reasons, a present study was
conducted to determine the causes of
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prenatal hydronephrosis as well as the
outcomes in infants.

2- METHODS

This cross-sectional study
(IR.KAUMS.MEDNT.REC.1399.214)
was conducted in Shahid Beheshti
Hospital, Kashan, Iran. All neonates who
referred to the pediatric nephrology clinic
with the main complaint of prenatal
hydronephrosis were included in this
study. Neonates who did not have
hydronephrosis before birth were excluded
from the study. The follow-up duration of
patients for the final diagnosis of the cause
of hydronephrosis varied from 10 days to
one year. The classification of
hydronephrosis during pregnancy is based
on the gestational age. Based on this
classification, in the second trimester, a
diameter of 5 and 6 mm is considered as
mild, 7-10 mm as moderate, and 10 mm or
more as severe. In the third trimester, 7-9
mm is mild, 10-15 mm Moderate meters
and diameters greater than 15 mm are
considered severe (12).

Postpartum ultrasound was performed 3-7
days after delivery to confirm the presence
of hydronephrosis. This delay was for
preventing the false negative effect of
physiological oliguria in the early days of
life. In patients with severe bilateral
hydronephrosis, evidence of PUV in the
male fetus (keyhole sign on ultrasound due
to the distention of both the bladder and
the urethra, marked distention and
hypertrophy of the bladder,
hydronephrosis and hydroureter,
oligohydramnios and renal dysplasia (13)),
distended  bladder, or trabeculae,
ultrasound was observed on the first day of
birth. For the purpose of this study, the
degree of hydronephrosis after birth was
classified as mild, moderate, or severe
hydronephrosis when the anteroposterior
pelvic diameter (APPD) was 5-9 mm, 10—
14 mm, and >15 mm. All ultrasounds after
birth  were performed by a skilled
radiologist, and based on the table in the
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radiology reference, he determined the
thickness of the right and left kidney
parenchymal thickness (14). Infants with
moderate and severe hydronephrosis were
initially subjected to Voiding
Cystourethrogram VCUG with negative
urine culture to check for vesicoureteral
reflux (VUR). In the absence of VUR, a
DTPA scan was performed to rule out
obstructive uropathy (2) using DTPA, to
investigate the causes of obstruction. |If
hydronephrosis was reported in the
ultrasound, Ureteropelvic Junction
Obstruction (UPJO) was suspected, and in
case of hydroureteronephrosis, the
diagnosis was Ureterovesical Junction
Obstruction (UVJO). Obstruction in UPJO
can be partial. It is because of abnormal
smooth muscle arrangements, absence, or
hypertrophy, in the proximal ureteral walls
that affect the peristaltic function (15). In
obstructive cases that have a high
probability of needing surgery, according
to the opinion of the surgeon, Intravenous
pyelogram (IVP) was also used to learn
more about the anatomy of the obstruction
site. Prophylactic antibiotics were used in
neonates and infants with moderate and
severe hydronephrosis to prevent urinary
infection. The options for patients less
than 2 months old include trimethoprim
and amoxicillin. Trimethoprim-
sulfamethoxazole (TMP-SMX) and
nitrofurantoin are used in children older
than 2 months due to increased
antimicrobial resistance to amoxicillin and
ampicillin. The dose of prophylactic drugs
is a quarter of the general dose for
sensitive infections, which is administered
every night (16, 17). The data were
analyzed through SPSS 26 by the use of
Fisher’s exact test and repeated measures
ANOVA.

3- RESULTS

Among 40 neonates with prenatal
hydronephrosis (33 boys; age range of 1 to
14 days), the prevalence of anatomical
disorders of urinary system was 77.5% (31
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neonates), and UPJO was the most
frequent with 54.8% (17 out of 31
neonates); and eight out of 17 neonates
with complete obstruction underwent
surgery. Also, due to the fact that some
anatomical disorders were mixed, the
frequency of VUR (9 out of 31) placed in
second rank (Table 1).

Table 2 shows that anatomical disorders
of the urinary system had a significant
relationship with APD of the pelvis (third
trimester and infancy) and the thickness of
the  kidney parenchymal thickness
(p<0.01). Also, in neonates with UPJO
disorder, the mean APD of the pelvis
increased significantly from the second
trimester to infancy, but in neonates who
had at least one of VUR, PUV, neurogenic
bladder, or UVJO disorders, the mean
APD of the pelvis was significantly
different only between the second
trimester and the infancy (Table 3).
Neurogenic bladder determined based on
the anatomy of the bladder in VCUG and
urodynamic study (UDS) was not used for
diagnosis. This view, called pine cone
bladder or Christmas tree bladder,
elongated and pointed bladder with a
thickened or trabeculated wall (18).

4- DISCUSSION

According to our study, 54.8% of the
urinary system's anatomical abnormalities
were due to UPJO. The mean APD of
infants with UPJO disorder increased
significantly from the second trimester to
infancy, while in other disorders, this
relationship was not observed and UPJO
was the only anatomical disorder that
always had severe hydronephrosis during
pregnancy and infancy. On the other hand,
none of the transient hydronephrosis cases
had severe hydronephrosis during fetal and
infancy periods and the thickness of
kidney parenchyma was normal in all of
them. Accordingly, prenatal
hydronephrosis has no correlation with its
cause, a fact that has been well
documented (5, 19).
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Table-1: Frequency distribution of anatomical disorders of the urinary system

Anatomical disorders of the urinary system N (%) Need to surgery (N)
Right 9 (29)
UPJO Left 7 (22.6) | 8 open pyeloplasty
Bilateral 1(3.2)
Right 0
UVJo Left 3(9.7) rei?nl;):z:ﬁ;atl:on
Bilateral 0
Single . Grade | 1(3.2)
Right Grade Ii 1(3.2)
VUR Grade | 1(3.2) 0
Left Grade 11l 1(3.2)
Bilateral 0
PUV 1(3.2) 1 valve ablation
MCDK 1(3.2) 0
VUR (right; Grade 1V)+neurogenic bladder 1(3.2) 1 vesicostomy
Mix VUR (left; Grade Ill)+neurogenic bladder 2 (6.4) 2 vesicostomy
VUR (bilateral; Grade V)+PUV 1(3.2) 1 valve ablation
VUR (right; Grade 1)+ neurogenic bladder+PUV | 1 (3.2) 1 vesicostomy

UPJO: Ureteropelvic Junction Obstruction/ UVJO: Ureterovesical Junction Obstruction/
VUR: Vesicoureteral Reflux/ PUV: Posterior Urethral Valves/ MCDK: MultiCystic

Dysplastic Kidney

Table-2: The correlation of anatomical disorders in the urinary system with sex, pelvic APD
and kidney parenchyma thickness

Anatomical disorder of the
Variables urinary system vafl;e*
Yes No
Boy 26 (83.9) 7 (77.8)
Gender Girl 5 (16.1) 2 (22.2) .
Normal 24 (38.7) 11 (61.1)
Second Mild 23 (37.1) 7(38.9) 0.106
trimester Moderate 12 (19.4) 0 '
Severe 3(4.8) 0
Normal 27 (43.5) 8 (44.4)
Pelvic APD Third Mild 8 (12.9) 9 (50) 0.002
(kidney unit) # trimester Moderate 15 (24.2) 1(5.6) '
Severe 12 (19.4) 0
Normal 26 (41.9) 6 (33.3)
Mild 3(4.8) 9 (50)
Infancy Moderate 12 (19.4) 3(16.7) 0.000
Severe 21 (33.9) 0
Kidney parenchymal Normal 12 (38.7) 9 (100) 0.001
thickness Decreased 19 (61.3) 0 '

# It should be noted that the reported frequencies are based on right and left kidneys (80

kidneys).
* Fisher’s exact test
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Table 3. Changes in pelvic APD in neonates with anatomical disorders of the urinary system

AT Pelvic APD
disorders of N (%) # _ p- b (pairwise)
the urinary S_econd Thlrd Newborn value*
system trimester trimester
Second - Third: p=0.002
UPJO 17 (54.8) | 10.61+4.7 | 14.72+4. 39 | 19.22+3.69 | <0.001 | Second - Newborn: p<0.001
Third - Newborn: p<0.001
Second - Third: p=0.349
VUR 9 (29) 8+1.73 9.83+3.26 | 11.78+1.71 | 0.004 | Second - Newborn: p=0.006
Third - Newborn: p=0.199
Second - Third: p=0.065
PUV 3(9.7) 11+3.58 15+5.93 | 15.1745.19 | 0.040 | Second - Newborn: p=0.018
Third - Newborn: p=0.793
Neurogenic Second - Third: p=0.141
bladder 3(9.7) 7.8+1.79 | 11.44555 | 12.8+2.59 | 0.024 | Second - Newborn: p=0.005
Third - Newborn: p=0.363
Second - Third: p=0.157
UvJo 3(9.7) ]9.33+3.21 | 124529 | 16.33£3.88 | 0.020 | Second - Newborn: p=0.034
Third - Newborn: p=0.130

UPJO: Ureteropelvic Junction Obstruction/ VUR: Vesicoureteral Reflux/ PUV: Posterior
Urethral Valves/ UVJO: Ureterovesical Junction Obstruction
# Considering that some neonates had more than one type of anatomical disorder, the total

frequency is more than 31 neonates.
* Repeated measure ANOVA

According to Li et al., children with any
degree of prenatal hydronephrosis are at an
increased risk for postnatal pathology
compared to the normal population (20). It
is therefore recommended to use
ultrasound before and after birth in order
to make a more accurate diagnosis.

VUR was the second most common
abnormality in this study. There are many
challenges regarding when and whether to
perform cystography after birth. In patients
with prenatal hydronephrosis, VUR is
present in 17-38% (21). Due to these
differences, we performed VCUG when
the patient had severe or moderate
hydronephrosis. In this study, the most
common underlying abnormalities
identified were UPJO and VUR. Our study
showed a similar pattern to the studies
conducted in other countries (2, 22-24).
Based on a study conducted by Kim et al.,

in 2012 (25), the diagnostic value of fetal
APD in the second and third trimesters of
pregnancy was investigated in a Korean
population to predict postpartum surgery.
This study found that, compared with 10
mm APD, the most common standard
values  for  predicting  postpartum
hydronephrosis and its outcome were APD
cutoffs of 5, 8, and 10 mm during the
second, early third, and late third
trimesters, respectively. As a result of that
study, the anatomical disorders of the
urinary system in the second and third
trimesters of pregnancy were different
from those obtained in our work. The
incongruence between the results of these
studies can be attributed to different
reasons, such as the sample size and the
cut-off point for determining
hydronephrosis in APD.
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Hydronephrosis is the most common form
of fetal malformations diagnosed by
prenatal ultrasound. Its reported incidence
is 1-5% of all pregnancies (12), which can
be caused by obstructions or reflux. Most
of the above-mentioned children are at risk
for urinary infections, which can result in
kidney damage or scarring. There have
been limited studies in this field in Iran,
which are not new. Therefore, this study
aimed to evaluate the types of anatomical
disorders of the urinary system in infants
with a history of prenatal hydronephrosis.
The main strength of this study is that it
investigated hydronephrosis in newborns
with a consideration to different trimesters
of pregnancy and its relationship with
kidney parenchymal thickness, which is
not found in other studies.

5- CONCLUSION

Considering the high prevalence of
anatomical disorders of the urinary system
in  neonates born  with  prenatal
hydronephrosis, especially in moderate
and severe cases, it is recommended that
these cases be examined after birth to
prevent kidney dysfunction. Our results
show that it is very important to diagnose
the cause of prenatal hydronephrosis;
because no surgical intervention is
necessary in transient cases, and in cases
of anatomical disorders, surgery is
performed only if kidney function worsens
or hydronephrosis progresses.

6- ACKNOWLEDGEMENT

The authors consider it necessary to
thank and appreciate the Clinical Research
Development Unit of Kashan Shahid
Beheshti hospital.

7- REFERENCES

1. Sharifian M, Esfandiar N, Mohkam M,
Dalirani R, BABAN TE, Akhlaghi A.
Diagnostic accuracy of renal pelvic
dilatation in determining outcome of
congenital hydronephrosis. 2014.

Int J Pediatr, VVol.11, N.01, Serial No.109, Jan. 2023

2. Asl AS, Maleknejad S. Clinical
outcome and follow-up of prenatal
hydronephrosis. Saudi Journal of Kidney
Diseases and Transplantation. 2012;
23(3):526.

3. Shokeir A, Nijman R. Antenatal
hydronephrosis: changing concepts in
diagnosis and subsequent management.
BJU international. 2000; 85(8):987-94.

4. Garne E, Loane M, Wellesley D, Barisic
I, Group EW. Congenital hydronephrosis:
prenatal diagnosis and epidemiology in
Europe. Journal of pediatric urology.
2009; 5(1):47-52.

5. Aksu N, Yavascan O, Kangin M, Kara
OD, Aydin Y, Erdogan H, Tuncel TC,
Cetinkaya E, Ozbay E, Sandik¢ioglu TG.
Postnatal management of infants with
antenatally  detected  hydronephrosis.
Pediatric Nephrology. 2005; 20(9):1253-9.

6. Rickard M, Dos Santos J, Keunen J,
Lorenzo AJ. Prenatal hydronephrosis:
Bridging pre-and postnatal management.
Prenatal Diagnosis. 2022.

7. Seyedzadeh A, Tohidi MR, Farshchian
N, Seyedzadeh MS, Haghighi J, Hookari
S. Short Term Outcome of Antenatal
Hydronephrosis: A Single  Center
Experience. International Journal of
Pediatrics. 2020; 8(7):11587-95.

8. Sinha A, Bagga A, Krishna A, Bajpai
M, Srinivas M, Uppal R, Agarwal I; Indian
Society of Pediatric Nephrology. Revised
guidelines on management of antenatal
hydronephrosis. Indian pediatrics. 2013;
50(2):215-31.

9. Assadi F, Schloemer N. Simplified
diagnostic algorithm for evaluation of
neonates  with  prenatally  detected
hydronephrosis. Iranian journal of kidney
diseases. 2012; 6(4).

10. Yamagake KG, Nguyen HT. Current
management of antenatal hydronephrosis.
Pediatric nephrology. 2013; 28(2):237-43.

17217



Rahmani et al.

11. Valent-Mori¢ B, Zigman T, Cuk M,
Zaja-Franulovi¢ O, Malenica M. Postnatal
evaluation and outcome of infants with
antenatal hydronephrosis. Acta Clin Croat.
2011; 50(4):451-5.

12. Baltrak YA. Review Of Cases With
Antenatal Renal Pelvic Dilatation And Its
Fetal Consequences. Medical Research
Reports. 2018; 1(1):1-3.

13. TR, Y B, D B. Keyhole sign (posterior
urethral valves). Radiopaedia Org. 2011.

14. Kadioglu A. Renal measurements,
including length, parenchymal thickness,
and medullary pyramid thickness, in
healthy children: what are the normative
ultrasound values? American Journal of
Roentgenology. 2010; 194(2):5009.

15. Klein J, Gonzalez J, Miravete M,
Caubet C, Chaaya R, Decramer S, Bandin
F, Bascands JL, Buffin-Meyer B,
Schanstra JP. Congenital ureteropelvic
junction obstruction: human disease and
animal models. International journal of
experimental pathology. 2011; 92(3):168-
92.

16. Pearle M, Lotan Y, Wein A, Kavoussi
L, Novick A, Partin A, et al. Campbell-
walsh urology. Urinary Lithiasis 10th ed
Philadelphia: Elsevier Saunders. 2012.

17. Stevenson DK, Cohen RS, Sunshine P.
Neonatology:  clinical  practice and
procedures:  McGraw-Hill  Education;
2015.

18. P Q. Pine cone bladder. 2016.

19. Mcllroy P, Abbott G, Anderson N,
Turner J, Mogridge N, Wells J. Outcome
of primary vesicoureteric reflux detected
following fetal renal pelvic dilatation.
Journal of pediatrics and child health.
2000; 36(6):569-73.

20. Lee RS, Cendron M, Kinnamon DD,
Nguyen HT. Antenatal hydronephrosis as
a predictor of postnatal outcome: a meta-
analysis. Pediatrics. 2006; 118(2):586-93.

Int J Pediatr, VVol.11, N.01, Serial No.109, Jan. 2023

21. Coplen DE, Austin PF, Yan Y, Dicke
JM. Correlation of prenatal and postnatal
ultrasound findings with the incidence of
vesicoureteral reflux in children with fetal
renal pelvic dilatation. The Journal of
urology. 2008; 180(4S):1631-4.

22. POURISA M, Refahi S, Nazari H.
Evaluation of the incidence and outcome
of fetal Hydronephrosis prenatally
diagnosed by ultrasound. 2005.

23. Lim DJ, Park JY, Kim JH, Paick SH,
Oh SJ, Choi H. Clinical characteristics and
outcome of hydronephrosis detected by
prenatal ultrasonography. Journal of
Korean medical science. 2003; 18(6):859-
62.

24. Eisenhardt A, Arntzen D, Conrad S,
Westenfelder W, Sperling H, Hoyer P,
Ribben H. Occurrence, diagnostics and
therapeutic management of hydronephrosis
in pediatric patients in Germany. Der
Urologe Ausg A. 2003; 42(4):538-46.

25. Kim HJ, Jung HJ, Lee HY, Lee YS, Im
YJ, Hong CH, et al. Diagnostic value of
anteroposterior diameter of fetal renal
pelvis during second and third trimesters
in predicting postnatal surgery among
Korean population: useful information for
antenatal counseling. Urology. 2012;
79(5):1132-7.

17218



