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Abstract

OBJECTIVE—To describe the prevalence of hydronephrosis in advanced pelvic organ prolapse
(POP) and to describe clinical and urodynamic parameters associated with hydronephraosis.

MATERIALS AND METHODS—Prospective, observational cohort study examining the
prevalence of hydronephrosis in advanced POP. Women with a POP-Q examination of at

least +1 for points C, Aa, or Ba were enrolled and screened for hydronephrosis. Basic
demographics, clinical, and urodynamic findings among women with and without hydronephrosis
were compared. The University of Southern California IRB approved this protocol.

RESULTS—A total of 180 participants were enrolled. Fifty-five women had some
hydronephrosis, for a prevalence of 30.6% (24.3%-37.6%). Mean age was 57.9 (+9.0) years and
mean body mass index was 29.2 kg/m? (+ 4.6). Of the participants, 80.6% were postmenopausal.
The presence of diabetes mellitus was significantly associated with hydronephrosis (8% without vs
21.8% with, P=.009), as was the degree of anterior and apical (median Aa, Ba, C, and D higher
with hydronephrosis than without, £<.01) but not posterior POP (median Ap and Bp, A= .13, and
.2, respectively). On multichannel urodynamics, participants with hydronephrosis had higher mean
post void residuals (64.8 vs 38.5 mL, P=.007), lower mean first leak (199.6 vs 280.8 mL, P=
.006), and higher mean maximum cystometric capacity (525.2 vs 476.7 mL, £=.02) compared
with participants without hydronephrosis.

CONCLUSION—The prevalence of hydronephrosis in women with advanced POP is 30.6%.
Clinical factors associated with hydronephrosis include degree of anterior or apical POP and
diabetes mellitus. Urodynamic factors associated with hydronephrosis include elevated postvoid
residuals, larger cystometric capacity, and lower volume at first leak.

Pelvic organ prolapse (POP) is commonly associated with urinary symptoms, including
voiding difficulty and detrusor overactivity.: Furthermore, prolapse is known to be a cause
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of obstructive uropathy that can result in hydronephrosis. Many case studies have described
complete prolapse resulting in hydronephrosis, 2-6 even progressing to renal failure,”:8
calyceal rupture,® and death.10

The prevalence of hydronephrosis in women with POP has been reported to range

from 5%-55%.11-15 Studies suggest that hydronephrosis is associated with more severe
prolapse.11~15 The exact mechanism causing hydronephrosis is unknown; however, POP is
associated with symptoms of voiding dysfunction, bladder outlet obstruction (BOO),! and is
known to prolong and lessen the ureteric jet on Doppler examination.16

The purpose of this study was to determine the prevalence of hydronephrosis in women with
advanced POP and to describe the clinical factors and urodynamic parameters that may be
associated with hydronephrosis.

MATERIALS AND METHODS

We performed a prospective cohort study of women referred to LAC + USC Medical Center
for symptomatic POP between November 2010 and May 2013. The inclusion criteria were
women aged 18 or greater presenting for care with advanced POP in the apical or anterior
compartments, measured by POP-Q examination (defined as Aa, Ba, or C point > +1).17
The exclusion criteria were inability to give informed consent; prior pelvic surgery; known
intrinsic renal disease including kidney and/or urinary stones; and Foley catheterization

or pessary treatment in the preceding 12 months. The institutional review board at the
University of Southern California approved this protocol.

Basic demographic data including age, self-reported race and ethnicity, gravidity,

parity, menopausal status, medical comorbidities, and prior surgeries were recorded.
Physical examination findings, including assessment of POP by the standardized POP-Q
examination,1 systolic blood pressure, diastolic blood pressure, and body mass index

were recorded. Multichannel urodynamics, when clinically indicated, were performed and
recorded. Blood urea nitrogen and creatinine levels were recorded. If the patient had
undergone renal ultrasound or computed tomography within 3 months of enroliment, those
images were reviewed and considered screening for hydronephrosis. Remaining participants
were screened with a transabdominal renal ultrasound using an ACUSON S2000 machine
with a 6C2 or a 4C2 curvilinear probe (Siemens, Mountain View, CA) or a SonoSite

S Women’s Health machine (Bothell, WA) with a 5-2MHz transducer performed in the
lateral decubitus position with an empty bladder. Screening ultrasounds were performed

by a trained practitioner, under the supervision of a radiologist. All images were reviewed
for adequacy and diagnosis by an experienced attending radiologist with additional training
in women’s imaging and ultrasound, who was blinded to the clinical scenario. Ultrasound
findings were categorized as normal, mild, moderate, or severe according to the following
definitions: mild was defined as blunting of minor calyces with minimal calyceal separation;
moderate was defined as any distention of the minor and major calyceal systems, renal
pelvis, or ureters; and severe was defined as severe pelvi-calyceal and ureteric distention or
thinning of renal parenchyma.1®
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Statistical Considerations

On the basis of available retrospective studies, we found that the pooled prevalence of
hydronephrosis is ~10%. To determine the prevalence with 5% margin of error and 95%
confidence, at least 139 subjects were required.

When discordant levels of hydronephrosis were found between kidneys within the same
individual, they were classified as the more severe finding. For comparisons between groups,
Xz-test, independent samples ztest, Wilcoxon rank sum test, Kruskal-Wallis, and analysis

of variance were used as appropriate. Multivariate logistic regression used a backward,
stepwise elimination with an sl stay criterion of 0.15. Goodness of the model fit was
assessed by a Hosmer-Lemeshow test. All analyses were performed using SAS, version 9.3.

RESULTS

Two hundred and sixty women were approached for inclusion. Twenty-five were excluded
from enrollment (2 deemed not competent to enroll, 2 prior Foley catheterization, 12

prior pessary treatment, 3 prior anti-incontinence surgery, 2 with language barriers, and

3 declined). One hundred eighty-one participants were screened; in 1 case, images were not
saved for review and were excluded for 180 participants.

Basic demographics of the study population are shown in Table 1. Mean serum creatinine
level was 0.66 mg/dL (£0.21; n=156) and mean urea nitrogen level was 15.5 mg/dL (£6.3; n
= 156).

Fifty-five women had hydronephrosis, for a prevalence of 30.6% (95% CI, 24.3%-37.6%).
Fifteen percent had mild, 12.2% had moderate, and 3.3% had severe hydronephrosis. Among
the entire cohort, there was 83% agreement in the severity between kidneys. Of the 55
participants with hydronephrosis, 30 had differing levels of severity (13/55 left > right, vs
17/55 right > left, P=.39).

There was no difference between groups among women with and without hydronephrosis in
terms of age, race, ethnicity, body mass index, parity, postmenopausal status, hypertension
diagnosis, smoking history, uterine size, blood urea nitrogen, or serum creatinine levels.

The presence of diabetes mellitus was significantly associated with hydronephrosis (8% vs
21.8%, P=.009), as was the degree of anterior and apical, but not posterior POP (Table
2).There was an increasing tendency toward hydronephrosis by degree of prolapse. The
prevalence of hydronephrosis in stage 2 POP was 1 of 7 (14.3%), in stage 3 POP it was 30 of
135 (22.2%), and in stage 4 it was 24 of 38 (63.1%; P <.001).

On multichannel urodynamics, hydronephrosis was associated with an elevated post void
residual (PVR) volume (64.8 vs 38.5 mL; £=.007), a higher maximum cystometric capacity
(535.2 vs 476.7 mL; P=.02), and a lower volume at first leakage of urine (204.5 vs 280.8
mL; P=.01). There was no difference between groups with respect to mean maximum flow
rate, detrusor pressure at maximum flow, maximum detrusor pressure, or the presence of
BOO (Table 2). Only 1 participant, who had severe hydronephrosis, had a creatinine level
greater than 1.6 mg/dL. Nine participants had a creatinine level higher than 1 mg/dL, 5 of 55
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(9.1%) in the hydronephrosis group and 4 of 125 (3.2%) in the no hydronephrosis group (P
=.13).

A stepwise logistic regression analysis with backward elimination was performed to assess
the impact of each clinical factor on the presence of hydronephrosis. The variables fitted

to the model included age, presence of diabetes mellitus, degree of anterior prolapse

(Ba), degree of apical prolapse (C), degree of posterior prolapse (Bp), the presence of
BOO, maximum cystometric capacity, and PVR volume. After controlling for other factors,
only the degree of anterior prolapse and the maximum cystometric capacity remained
significantly different. The degree of anterior prolapse increased the risk of hydronephrosis
with an odds ratio of 1.68 (95% CI, 1.22-2.12), indicating that for every 1 cm increase in
Ba, the risk of hydronephrosis increases by 1.68. For every 100-mL increase in maximum
cystometric capacity, the risk of hydronephrosis increases by 1.50 (95% CI, 1.08-2.07). The
full model containing all predictors was statistically significant (P=.73), indicating that the
model fit is adequate. The /2 value was 0.3, indicating the model accounts for 30% of the
variation seen.

COMMENT

Prolapse is commonly described as a cause obstructed voiding, and case reports have well
documented resultant obstructive uropathy.2-6 Although the presence of hydronephrosis is
not diagnostic of obstruction, it is commonly associated with obstructed or dysfunctional
voiding. In cases of prolapse, the upper urinary tract may be affected, though the exact
prevalence is unknown. The present study shows a prevalence of 30.6% among women

with advanced POP (defined as prolapse more than 1 cm outside of the body). This
prevalence is higher than the overall prevalence of 5%-17.9% in several recent retrospective
studies,11-13.15 put similar to estimates of analyses limited to women with advanced POP. In
a recent prospective study of 233 women with varying degrees of prolapse, the prevalence of
hydronephrosis was 17.7% and 33.3% for stage 3 and 4 POP, respectively.14

In the present study, hydronephrosis was significantly associated with a diagnosis of diabetes
mellitus (21.8% vs 8%, £=.009), similar to Hui et al, who found that diabetes mellitus

was present in 54.2% of patients with hydronephrosis compared with 22.5% among those
without hydronephrosis (P=.002).14 This association is likely not causative, as the linear
regression analysis revealed no significant association when controlled for age, degree of
prolapse, and urodynamic findings. Nevertheless, diabetes mellitus is clearly seen in a high
percentage of women with advanced POP and hydronephrosis. Furthermore, as diabetes
mellitus is associated with glomerulosclerosis and microvascular renal changes,18 these
patients may be at increased risk for complications from the obstructive uropathy caused by
POP.

Increasing degrees of prolapse was significantly associated with an increased risk of
hydronephrosis. This was seen particularly in anterior and apical, but not in posterior
prolapse. This finding fits with the proposed models to explain the association between
hydronephrosis and POP. Hadar et al argued that the ureters may be compressed by
the fundus of the prolapsed uterus, whereas Lieberthal et al suggested that the cardinal
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ligaments form a sling over the ureter, pulling it down with the uterus and kinking it. When
controlled for degree of anterior prolapse, apical prolapse no longer contributed to the risk of
hydronephrosis. This is in keeping with the finding of hydronephrosis despite prior surgical
removal of the uterus':12 and supports the theory that the ureters may be pulled down and
kinked by the downward traction of prolapse upon the bladder. It has been proposed that the
right side may be more sensitive to kinking,14 as hydronephrosis may be more common on
the right side, a finding that was not reproduced in the present study.

On multichannel urodynamics, hydronephrosis was significantly associated with a higher
maximum cystometric capacity, higher PVR volumes, and lower volume at first leakage,
though only maximum cystometric capacity remained statistically significant when
controlled for age and degree of prolapse. Although POP has been described to be
associated with BOO,! the presence of outlet obstruction was not significantly associated
with hydronephrosis in our study. Similarly, there was no difference between groups in

the maximum urinary flow rate, detrusor pressure at maximum flow, or maximum detrusor
pressure.

This study represents the largest prospective study to date of women with advanced stage
POP and the only prospective study to include urodynamic data. We purposely chose to
exclude prior hysterectomy and prolapse and/or incontinence surgery, thereby avoiding the
confounders of prior unrecognized ureteral injury or BOO. However, these strict exclusion
criteria limit the generalizability; the prevalence of hydronephrosis may be different among
women with prior pelvic surgery. Finally, our study was powered to describe the prevalence
of hydronephrosis, and may be underpowered to detect a difference in some categorical
variables, especially the presence of BOO.

CONCLUSION

The overall prevalence of hydronephrosis in patients with advanced POP is 30.6% (95% Cl,
24.3%-37.6%). Multiple studies have shown improvement of hydronephrosis after surgical
intervention for POP, and renal ultrasound may not be necessary in women who are planned
for surgery, though it may help guide intraoperative decision making. Renal ultrasound

may be more useful to guide clinical recommendations and counseling in women who

are unwilling or unable to undergo surgical intervention. Furthermore, it may be prudent

to follow such patients with biochemical and/or radiologic surveillance to prevent and/or
detect signs of significant obstructive uropathy. Patients with diabetes mellitus appear to

be particularly at risk. We recommend consideration of renal ultrasound in women with
advanced POP, especially when surgical intervention is not indicated or delayed.

Acknowledgments

Funding Support: This work was supported by an Ultrasound Research grant from the American Institute of
Ultrasound in Medicine. Research reported in this publication was partially supported by the National Center
for Advancing Translational Sciences of the National Institutes of Health under Award Number UL1TR000130
(formerly by the National Center for Research Resources, Award Number UL1RR031986). The content is solely
the responsibility of the authors and does not necessarily represent the official views of the National Institutes of
Health.

Urology. Author manuscript; available in PMC 2021 November 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dancz et al.

References
1

10.

11.

12.

13.

14.

15.

16.

17.

18.

Page 6

. Romanzi LJ, Chalkin DC, Blaivas JG. The effect of genital prolapse on voiding. J Urol.

1999;161:581-586. [PubMed: 9915453]

. Oksay T, Ergun O, Capar E, Kosar A. Bilateral hydronephrosis secondary to cystocele. Ren Fail.

2011;33:537-539. [PubMed: 21446783]

. Chuang FR, Lee CH, Chen CS, et al. Bilateral moderate hydroureteronephrosis due to uterine

prolapse: two case reports and review of the literature. Ren Fail. 2003;25:879-884. [PubMed:
14575296]

. Delaere K, Moonen W, Debruyne F, Jansen T. Hydronephrosis caused by cystocele. Treatment by

colpopexy to sacral promontory. Urology. 1984;24:364-365. [PubMed: 6237479]

. Hanson JM. Incidental finding on abdominal CT scan. Br J Radiol. 2005;78:675-676. [PubMed:

15961858]

. Floyd MS Jr, Casey RG, Bredin HC. Procidentia: a reversible cause of hydronephrosis in an

80-year-old woman. Int Urogynecol J Pelvic Floor Dysfunct. 2008;19:1179-1181. [PubMed:
18330482]

. Sudhakar AS, Reddi VG, Schein M, Gerst PH. Bilateral hydroureter and hydronephrosis causing

renal failure due to a procidentia uteri: a case report. Int Surg. 2001;86:173-175. [PubMed:
11996075]

. Sanai T, Yamashiro Y, Nakayama M, et al. End-stage renal failure due to total uterine prolapse.

Urology. 2006;67:622.e5-622.€7.

. Kao CK, Schulz JA, Flood CG. Renal calyceal rupture and perirenal urinary extravasation from

complete procidentia. Int Urogynecol J. 2011;22:893-895. [PubMed: 21347731]

Frank RT. Fatal uremia due to complete prolapse of the uterus. Am J Obstet Gynecol.
1931,;22:270-272.

Costantini E, Lazzeri M, Mearini L, et al. Hydronephrosis and pelvic organ prolapse. Urology.
2009;73:263-267. [PubMed: 18950840]

Beverly CM, Walters MD, Weber AM, et al. Prevalence of hydronephrosis in patients undergoing
surgery for pelvic organ prolapse. Obstet Gynecol. 1997;90:37-41. [PubMed: 9207809]

Gemer O, Bergman M, Segal S. Prevalence of hydronephrosis in patients with genital prolapse. Eur
J Obstet Gynecol Reprod Biol. 1999;86:11-13. [PubMed: 10471136]

Hui SY, Chan SC, Lam SY, et al. A prospective study on the prevalence of hydronephrosis in
women with pelvic organ prolapse and their outcomes after treatment. Int Urogynecol J. 2011;22:
1529-1534. [PubMed: 21822714]

Jones JB, Evison G. Excretion urography before and after surgical treatment of procidentia. Br J
Obstet Gynaecol. 1977;84:304-308. [PubMed: 857868]

Lo TS, Long CY, Lin YH, Lin HH. Doppler ureteric jet in urogenital prolapse. Int Urogynecol J.
2012;23:49-56. [PubMed: 21927942]

Bump RC, Mattiason A, Bo K, et al. The standardization of terminology of female pelvic

organ prolapse and pelvic floor dysfunction. Am J Obstet Gynecol. 1996;175:10-17. [PubMed:
8694033]

Min TZ, Stephens MW, Kumar P, Chudleigh RA. Renal complications of diabetes. Br Med Bull.
2012;104:113-127. [PubMed: 23118262]

Urology. Author manuscript; available in PMC 2021 November 20.



Page 7

Dancz et al.

“1S8) WINs Yuel coxoo__>>%

1581 asenbs-1yD
1oy

*1S9] 10BX3 E;m_u_qN

18317 JUdpnIsS
*

"UOITRIASP pJepuUels ‘gsS ‘uoisuauadAy ‘NLLH ‘sniijjaw sa1agelp ‘NG ‘Xapul ssew Apoq ‘[ING

4
600°

€6’

§9°
¥9’

44

§9

xmw.

123

*

¢s0°

x*

(s1s0.1ydouo JpAH sASs01ydauo JpAH ON) d

0
(812 2T

(812 TT

(e-0)0
(s1-0) ¥

(e'v8) e
(6'01) 9
(T'68) 67

(9°€8) 9y
o
(9e) e
(L21) L

(er) 682
(0'6) 665

roe
(8) 0T

(rze) 8e

(1-0)0
(91-0) €

(0'62) 86
(88) 1T
(z16) 1T

(092) g6
(80T
(ze) v

(002) G2

(8'v) €62

(69)TLS

%0L°T
%0¢°¢T

%0¢'¢e

(e-0)¢
(91-0) €

%09°08
%0v'6
%09°06

%0€'8L
%090
%0€'C

%08°LT

(ov) z62
(0'6) 625

(55 = N) ssoJydauoJpAH  (SZT = N)sisodydauoipAHoN  uoirendod Apnis

[44

[0j%

8.1

08T

i
LT
€91

Wi

43

081

08T
N

1joWs
Na

N1H

(%) u ‘sanip1gIoWOoI JO 3USAId
(aBueu) UrIpAW ‘SBLIBAIIBP UBAIRSI JO JaqUINN
(abuel) ueipaw ‘Anred
(%) 1esnedouawisod
oluedsiH-uoN
o1uedsiH
(%) u ‘Anotuyiz
18Yy10
uelSY
UBdLIBWY URdLYY
uelseane)
(%) u ‘aoe4 panodai-}|as
(@s) uesw ‘Gw/B3) 1Ng

(as) ueaw ‘(A) aby
o1yde sBowag

Author Manuscript

sisoaydauolpAy 1noyum pue yum siuedionted Jo pue syuedionued Apnis Jo solydeibowaq

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Urology. Author manuscript; available in PMC 2021 November 20.



Page 8

§960 (6€ = U) %58 (€0T = U) %EVZ UO19NJISGO 18]IN0 JBPPE|q JO 99Uasald
#10 (ov = u) (§¥ET) §'v02 (z6 = u) (Z'+91) 8'082 (@s) uesw ‘(w) sutn jo afexes] 1si14 Je SWNJOA
% (z1=u)(28d) L'vL (8T =) ('S€) 9°€9 (as) uesw *(O%H wo) ainssaid jutod Xes| eAes[eA
e (tv =u) (5¥2) 6'35 (S0t =U) (¥'L2) L'6Y (@s) ueaw ‘(O°H wo) aunssald J0SNIIBP WNWIXeN
#7680 (ov=u) (1'6T) GG (SoT=u) (28T) 962  (@S) ueaw ‘(O%H W) 8¥es MOJ} WNWiIXeuw Je ainssaid Josnuieg
% (tr=u) (9TT) ¥'8T (20T=U) (zeT) 112 (AS) Ueaw ‘(s/w) a1ed MOJS WNWIXeN
+0 (57 =u) ('98T) 2'52S (eTT =) (5'S0T) L'9L¥ (@s) uesw ‘(u) Auoedes dL3aW0ISAD WNWIXEN
#4100 (6v =) (9°29) 89 (02T = U) (0'%S) 5'8€ (s) ueaw ‘() fenpisal PIoA 1504
°© (zg=u)(6mz-)o (czr=Uu)(Lore-)0 dg
JE (zg=u)(e-mz-)o (zzr=u)(e-me-)o dy
4700 (s5=U) (11-0) § (szT=u) (8-0) € eg
4100 (G5=u)(e-a1-)¢ (szT=U)(c-0) 2 ey
J100> (gg =u) (17- 03 20 T- (02T = u) (- 03 2-) - a
100> (¥5=u) (TT-015-) 5% (zzr=u)(5809-)T XIAIRD
oy (t5=u) (T1-9)5'8 (0zT=U) (TT-5'9) 8 yibuaj feurben jejoL
/8 (5= (G2e (0zT=U) (9-0) € Apoq eautiad
nel (zg=u)(8-¢) s (ozT=U)(8-2) G snjely [enus
(abueu) ueipaw ‘sainseaw O-dOd
e/u 00T 00T (%) 1501 dn-0) aAnIsod
4 v (z1-9) 9 (8T-9) 9 (abues) ueipaw ‘(3m) Wexa [enuewiq Uo azIs auLaIN
« 18 (zom) ¥'sL (6°0T) 0°SL (@s) uesw *(BH ww) aunssaid poo|q d1joiselq
ey (e'8T) 8'9€T (g'6T) Z'TET (as) ueaw ‘(BH wwy) ainssaid poojq o1]01sAS

Urology. Author manuscript; available in PMC 2021 November 20.

Dancz et al.

d (55 = N) s|souydeuolpAH  (G2T = N) $1s04ydeuo JpAH ON Buipuid oD

sisoaydauoipAy 1noyum pue yum siuedionded Jo sbuipuly [eaiund

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 9

Dancz et al.

1591 alenbs-1yD
s

"30UBLIEA JO m_m>_mc<u

‘1S8] WIns Muel coxoo__\s.\

18917 Juspnls
*

‘T 31qeL ul se uoneinsIqay

ST

€0

d

(82°0) 20

(68)TLT

(8T°0) ¥9°0 (@s) uesw *(Tp/Bw) 9A3] BuIUESID

(ov) 81 (@s) ueaw ‘(p/Bw) |ans] ushouniu eaun poolg
(GG = N) sis04ydeuolpAH  (G2T = N) s1804ydouoIpAH ON

Buipuid 211D

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Urology. Author manuscript; available in PMC 2021 November 20.



	Abstract
	MATERIALS AND METHODS
	Statistical Considerations

	RESULTS
	COMMENT
	CONCLUSION
	References
	Table 1.
	Table 2.

