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Background: Nephrogenic diabetes insipidus (NDI) due to obstructive uropathy is not widely
known by physicians and hence not well represented in the literature. To better understand its
presentation, clinical course, and available treatments, we conducted a systematic review of case
reports on NDI due to urinary tract obstruction. Material and Methods: This observational study
was a systematic review of 19 human cases found in the literature. It was done retrospectively
to focus on whether NDI can occur due to obstruction of the urinary tract and, if so, what the
mechanism (pathophysiology) is. Results: We found that the most common symptom of NDI
due to urinary tract obstruction was polyuria. The most common cause of NDI due to urinary
tract obstruction was cancer. The most common site for obstruction was the ureter. And the
most common test used to confirm the diagnosis was failure to concentrate urine after the
administration of desmopressin. Surgical intervention was the most common treatment to relieve
obstruction. Conclusion: We found that urinary tract obstruction can cause NDI. With early
diagnosis and timely relief of the obstruction, NDI can be reversible.
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INTRODUCTION

Nephrogenic diabetes insipidus (NDI) is characterized
by an inability to concentrate urine despite normal or ele-

understudied research area, and only a few cases have been
described in literature.
Obstruction in the urinary tract as a cause of polyuria

vated plasma concentrations of the antidiuretic hormone
(ADH) [1]. It is a rare disease with an estimated incidence
of three cases per 100,000 (0.003%), with a slightly higher
incidence among men (60%) and prevalence of 1:25,000 [2]
in the general population of the United States. NDI can be
genetic or acquired. Many secondary causes of NDI have
been described; urinary tract obstruction is one of the rar-
er and potentially reversible causes. However, it remains an

Published by Mehrabani Publishing LLC.

has been previously discussed in the literature. In the 1950s,
Roussak et al [3] and Earley et al [4] coined the term “wa-
ter-losing nephritis.” Earley et al. concluded that the de-
rangement in renal function parameters such as acidosis and
the transient increase in blood urea nitrogen (BUN) occurred
before the actual presentation of polyuria; hence, they pre-
ferred using the term water-losing nephritis, which simulates
NDI. However, mild NDI is prevalent in the setting of re-
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nal failure. Whether NDI stood out as a separate problem
or as a direct consequence of urinary tract obstruction and
not because of renal failure in such cases—especially in the
context of the term “water-losing nephritis”—was a critical
question. The same question was raised again in the cases
presented by Landsberg et al. [5] in the New England Jour-
nal of Medicine, where the picture of renal failure confused
the presentation of NDI as a separate entity in the event of
obstruction of the urinary tract.

Due to the ambiguity on the subject, urinary tract obstruc-
tion as a cause of NDI is not widely known by physicians
and hence not well represented in the literature. To better un-
derstand its presentation, clinical course, and available treat-
ments, we conducted a systematic review of case reports on
NDI due to urinary tract obstruction. Additionally, we offer
recommendations on how this disease may be diagnosed ear-
ly and what effective treatments may be provided to patients.

MATERIAL AND METHODS

To address this study’s aim, we conducted a systematic re-
view in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines (Liberati et al., 2009) [38]. The PRISMA flow chart is
detailed in Figure 1 (adapted from Liberati et al.).

Search Strategy

A systematic literature search was undertaken using PubMed,
Medline, and the Cochrane Database of Systematic Reviews.
Systematic search strategies were adhered to using the fol-
lowing search string:

((““diabetes insipidus, nephrogenic”’[mesh terms] or (“di-
abetes™[all fields] and “insipidus”[all fields]

And “nephrogenic”[all fields]) or “nephrogenic diabe-
tes insipidus”[all fields] or (“nephrogenic’[all fields] and
“diabetes[all fields] and “insipidus”[all fields])) and en-
glish[lang]) and ((“urologic diseases”’[mesh terms] or (‘“uro-
logic”[all fields] and “diseases™[all fields]) or “urologic
diseases”[all fields] or (“obstructive[all fields] and “urop-
athy”[all fields]) or “obstructive uropathy”[all fields]) and
english[lang]) and english[lang]

In addition, citations and references within the identified
articles were searched for further studies relevant to the re-
view. We corresponded with experts in the field to ensure
that all relevant studies were included in the review.

Study Selection

A study identified in the systematic searches was included
in the review if it reported NDI caused by renal obstruction.
We excluded other possible etiologies such as electrolytes
or drugs that could cause NDI. We also excluded cases in
which NDI itself caused hydronephrosis or ureteral dilation
without any obvious urinary tract obstruction.

To ensure that all available studies were identified, the
year of publication was not restricted and data were extract-
ed until April 2017, but the search was limited to articles
written in English.

Data extraction

To avoid selection bias, inclusion and exclusion criteria were
agreed to and formalized before data extraction and analy-
sis occurred. All articles identified from the initial searches
were reviewed, and duplicates were removed. The titles and
abstracts of the articles were screened for inclusion by all
authors, with the remaining articles reviewed in full text and
the exclusion criteria applied. In cases of disparities between
the authors’ judgments regarding suitability, they consulted
to achieve agreement.

Study design

This observational study was a systematic review of 19 hu-
man cases found in the literature. It was done retrospectively
to focus on whether NDI can occur due to obstruction of the
urinary tract and, if so, what the mechanism (pathophysiol-
ogy) is. To answer our first and main question, we studied
the literature on human cases and selected 19 cases (Figure 1
and Appendix A). Table 1 was designed to address the mech-
anism (pathophysiology) behind our second question: if NDI
did occur by urinary tract obstruction, what is the mecha-
nism behind this phenomenon?

RESULTS

Search Process

We reviewed 19 cases of NDI (Appendix A) due to ob-
struction in the urinary tract in humans who presented with
polyuria, polydipsia, or frequent urination (14 had poly-
uria). Cases that had post-obstructive diuresis were excluded
(Figure 1).

In four cases, urinary output was 3-4.5 I/d; in one case, it
was 10-15 1/d; in one case, it was 8 1/d; and in three cases, it
was 2-2.5 1/d. Other case reports did not mention a definitive
number for polyuria. Most patients were men (n=17); two
were women. We noticed a substantial variation in age range,
from 2 months to 85 years. The mean age was 36.05 years;
the median age was 32; standard deviation was 28.62; and
the standard error of mean was 6.56.

Reference Search
(n=1188)* Excluded(n = 1082)
-Non english
-comments, editorials,
abstracts only

- no outcome of interest

Excluded(n = 87)
-abstracts
- only postobstructive
diuresis

References from full
text= 106

Included (n= 19)

* = PubMed, Medline, Cochrane

Figure 1. PRISMA flow chart showing the search and selection
process that yielded the 19 selected articles
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Six cases of obstruction were due to cancer: ovarian can-
cer (n=1), cancer of the ureter (n=1), leiomyosarcoma (n=1),
prostate cancer (n=2), and metastatic rectal cancer (n=1).
In the other thirteen cases, three were due to bladder neck
obstruction, one was due to diverticulum, two were due to
obstruction in the posterior urethral valve, one was due to
benign prostate hyperplasia, three were due to fibrotic fascia
covering the ureters, and two were due to ectopic uretero-
cele. In one case, the site of obstruction was not detected.
The most common site of obstruction was the ureter (n=9),
followed by the bladder (n=4), urethra (n=3), and both the
bladder and ureters (n=2).

In twelve cases, imaging techniques were used to de-
termine the cause of obstruction (computed tomography
scan, n=2; endoscopy, n=2; intravenous pyelogram with
cysto-urethrogram, n=2; cysto-urethrogram alone, n=5; and
retrograde pyelography, n=1). In four patients, evidence of
obstruction was found after surgery; in one patient, evidence
of obstruction was found after prostate biopsy; and in one
patient, who presented with benign prostate hyperplasia, ob-
struction was diagnosed by physical examination.

Of the nineteen cases, the water deprivation test was per-
formed in seven patients to rule out the function of ADH.
Whether the water deprivation test was administered was not
mentioned in other cases. In thirteen cases, the desmopressin
test was performed with either vasopressin or Pitressin to
rule out central DI from nephrogenic DI; in all thirteen cas-
es, the results indicated the nephrogenic cause of DI. In four
cases, neither of the abovementioned tests were performed.
Data from other cases regarding the desmopressin test were
not reported. Only one case report reported the use of the
diethylenetriaminepentacetate scan.

Sixteen patients underwent surgical treatment to relieve
the obstruction; three patients did not undergo surgical treat-
ment. Of the three patients who did not undergo surgical
treatment, one who presented with recurrent rectal cancer
had technical difficulties related to surgical treatment and
also refused further admission to the hospital; one was a
15-year-old girl with a distended bladder for whom the cause
of obstruction could not be detected; and one was not treated
surgically, and no reason was provided as to why.

Of the sixteen patients who were treated surgically for
obstruction, all experienced relief from NDI symptoms. Of
the nine cases in which it was reported when urine output
returned to normal or less than 2.7 I/day: in two cases, it took
48 hours post-operatively; in three cases, it took 7 days; in
one case, it took 9 days; in one case, it took 1 month; in one
case, it took 5 months; and in one case, it took 8 months. For
seven cases, no timeline was mentioned. Overall improve-
ment in complaints of NDI had a wide range: from 2 days to
8 months. Also, the patient who had metastatic rectal cancer
and refused surgical treatment for urinary tract obstruction
died after 2 months.

Of the sixteen patients who were treated surgically, four-
teen experienced complete relief of symptoms after surgi-
cal treatment, while two patients experienced partial relief;
of these two patients, the one reported by E. W. Ramsey
et al [28] returned after 3 years of surgical treatment, the
other was a 5 month old child who presented with a complex

case requiring multiple surgical procedures, but eventually
NDI symptoms were controlled with a low-salt diet [29].

Of the nineteen cases, we reviewed six cases that were
treated with thiazides in addition to surgical treatment. This
is a known treatment for NDI and causes paradoxical ef-
fects. In all six cases, thiazides were given post-operatively.
Data as to how long this treatment was continued were not
available, except in two cases. In one case, it was stopped
1 month after the surgery; in the other case, it was discon-
tinued 1 year after surgery because of an attack of gout. The
two patients who were prescribed thiazides experienced a
decrease in urinary output from 4 1/d to 2 1/d. In one patient,
an improvement from 2.5 l/day to 1.7 1/day was observed
while using thiazide along with amiloride. In the other pa-
tient, urinary output decreased from 8 1/d to 5 I/d after the ad-
dition of thiazide, and there was further improvement in uri-
nary output after the addition of diclofenac, from 5 1/day to
4 1/day. One of the patients who received thiazide may have
experienced an improvement in urinary output, but this was
not clearly stated. One case report described weight gain by
a child patient after the administration of thiazide. We also
noticed that in four patients, another drug besides thiazide
was used as well: in one case, alpha glucosidase inhibitor
was administered before removal of the obstruction, which
did not improve polyuria symptoms; in one case, amiloride
was administered; in one case, diclofenac sodium was used
for 1 month prior to surgery and 1 month postoperatively,
which helped improve symptoms of polyuria; and in one
case, stilbestrol was administered postoperatively and may
have played a role in the improvement of symptoms, but this
was not clear.

Only two case reports mentioned the results of kidney
biopsy, suggesting mild to chronic inflammation.

In our review, thirteen case reports provided data
for BUN. Of these, six cases had normal BUN levels
(7-20 mg/dl). Three cases had an increase in BUN levels
(110 mg/dl, 39 mg/dl, and 80 mg/dl) due to dehydration; and
after the infusion of fluids, BUN levels returned to normal
in two cases (16 mg/dl and 13 mg/dl, respectively), and in
the third case BUN decreased to 28 mg/dl preoperatively. In
four cases, BUN ranged between 25 mg/dl and 37 mg/dl and
returned to normal in three cases, although one case report
did not mention any post-operative results.

Of the thirteen case reports that included creatinine
values, six patients had normal values (0.6-1.3 mg/dl). In
six cases, creatinine values ranged between 1.6 mg/dl and
7 mg/dl and returned to normal in three cases; in the oth-
er three cases, no post-operative data were available. Of
these six cases, in one case report, although creatinine levels
decreased from 3.2 mg/dl to 1.1 mg/dl 6 months postopera-
tively, the patient still experienced chronic renal failure. In
one case, creatinine clearance was 22 and 49 post-operative-
ly after vasopressin administration and the water deprivation
test, respectively. In one case of a patient with rectal cancer
who was not operated on for NDI, initially the patient pre-
sented with normal kidney function, but later his condition
deteriorated and chronic renal failure occurred.

In four cases, plasma osmolality was within the normal
range (275-310 mOsm/kg H,0), and we observed hypos-
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thenuria in these cases. In two cases, plasma osmolality
was slightly raised (396 mOsm/kg H,0) due to dehydration,
but hyposthenuria was observed in these cases too. In six
cases, urine osmolality increased compared to plasma os-
molality (i.e., hypersthenuria) and was within the normal
range of 300-900 mOsm/kg H O postoperatively. One pa-
tient with rectal cancer presented with hyposthenuria. He
was not treated and died due to gastrointestinal bleeding;
autopsy to further investigate the cause was declined. In
one case, no data were available regarding preoperative
values, but hypersthenuria was observed post-operatively
with and without thiazides. In one case, urine osmolali-
ty was 403 mOsm/kg H,0 and 409 mOsm/kg H,0 without
and with dehydration diet, respectively, but no data were
available for plasma osmolality or postoperative changes.
In nine cases, no data were available regarding plasma and
urine osmolality. All 19 patients were treated in an inpatient
healthcare facility, since they had to be treated surgically to
remove the obstruction.

Pathogenesis

To better understand the mechanism behind NDI occurrence
due to urinary tract obstruction, we selected an additional
17 cases (16 on animals and 1 on twelve children) (Table 1).

Relief of obstruction (bilateral ureteral obstruction [BUO]
and unilateral ureteral obstruction [UUO]) may cause peri-
od of diuresis by several mechanisms. One of those mech-
anisms is due to water channels aquaporin (AQP); many
studies in rats were done, showing that serious degradation
and downregulation of aquaporin channels was the principal
phenomenon. AQPs are intrinsic membrane proteins that act
as water-selective channels. Of the 17 studies (Table 1) that
we examined to better understand the pathogenesis of how
NDI develops after urinary obstruction, eight studies (7 stud-
ies in animals and 1 study in humans) confirmed the down-
regulation of an AQP channel in a post-obstructed kidney.
Several studies showed downregulation of AQP 1-4, mostly
in the cortex, outer medulla, and inner medulla [6,7]. A simi-
lar phenomenon was observed in both BUO and UUO [8,9].
A study with partial ureteral obstruction also showed a de-
crease in AQP 1 [10].

One study examined 12 children who underwent py-
eloplasty due to congenital unilateral hydro-nephrosis, as a
result of pyeloureteral junction disease [11]. In this study,
AQP 2 levels in post-obstructed kidneys were compared to
non-obstructed kidneys for 5 days. The results were a de-
crease in AQP 2 channels in obstructed kidneys: 54% in 24
hours and 22% in 5 days.

This gives us a valid reason to deduce that whenever a
kidney is exposed to an obstruction, downregulation of AQP
occurs because of deeper changes at the cellular level. AQP
2 is the only water channel that is activated by vasopressin.
Vasopressin-induced c-amp mediated pathway is responsible
for phosphorylation and insertion of AQP 2 channels. In an
obstruction, the c-amp pathway gets blunted and is respon-
sible for downregulation of AQP 2 channels [12]. Moreover,
in one study, while examining AQP 2, an increase in pros-
taglandins E-2 (PGE-2) was observed in the urine from the

obstructed kidney. The authors hypothesized that increased
PGE-2 (rho activation and subsequent formation of f-actin
stress fibers) [12] may also be responsible for downregula-
tion of AQP channels [11].

Many studies also examined another mechanism: atrial
natriuretic peptide (ANP). Gulmi et al. performed an acute
experiment on 18 dogs divided into three groups based on
UUO and BUO with and without volume repletion with
sodium chloride. In the UUO group, they observed no in-
crease in diuresis and natriuresis; however, initial diure-
sis and natriuresis were observed in the BUO group of
dogs. Natriuresis persisted in the group of dogs in which
volume repletion was performed, and a significant rise in
ANP was observed after 48 hours of BUO [13]. An acute
study in rats by Ryndin et al. demonstrated a similar ef-
fect, where the release of BUO for 24 hours showed a
persistently intense vasoconstriction, which reduced the
glomerular filtration rate (GFR); however, this case was
associated with natriuresis and diuresis [14]. The basic
mechanism understood is that ANP is increased more in
BUO than in UUO, which explains that the volume ex-
pansion due to an obstruction causes increased levels of
circulating ANP [13,15], but the same is not observed
in UUO. ANP-induced natriuresis is due to the increase
in GFR, and ANP inhibits the transport of sodium to the
medullary collecting duct. At the molecular level, this
function is served by binding to the natriuretic peptide re-
ceptor-A (NPR-A) receptor, expressed in the kidneys and
the vasculature [16]. NPR-C serves to remove ANP and
acts as the clearance receptor. Additionally, ANP inhibits
reabsorption of chloride in the tubular segments between
the superficial late distal tubule and the papillary collect-
ing duct, as well as in the accessible portion of the pap-
illary collecting duct, thereby increasing natriuresis [17].

Other mechanisms may contribute to polyuria (Fig-
ure 2) in addition to AQP and ANP, such as accumulation
of solutes and fluid retention due to obstruction, which
could result in diuresis [18]; however, once the excess
solutes are eliminated, normal renal function may return
[19,20]. Furthermore, in clinical studies, decreased sodi-
um channels in the proximal tubule, the thick ascending
limb, the distal convoluted tubule, and the inner medul-
lary collecting duct; collapse of the inner medullary os-
motic gradient; and damage to the medullary collecting
duct after release of chronic post-obstructed phase have
been demonstrated. It has also been observed that, in
chronic obstructions of the urinary tract, additional deep-
er nephrons are damaged and superficial nephrons are
spared [21].

DISCUSSION

In the 19 cases that we reviewed, all patients had evidence of
urinary obstruction and developed signs and symptoms con-
sistent with NDI. The most common presenting symptom
that prompted suspicion of NDI was polyuria. In most cas-
es, polyuria was accompanied by polydipsia. Although the
causes of obstruction varied, cancer was the most common
cause. The most common site of obstruction was the ureter.
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Figure 2: Mechanisms leading to polyuria.

In almost 20% of the cases, the obstruction was at the level
of the bladder.

In 63% of the cases, the cause of obstruction was deter-
mined by radiologic investigations, including computed to-
mography scan, cysto-urethrogram, and retrograde pyelog-
raphy. In 21% of the cases, the obstruction was confirmed
surgically.

The clinical diagnosis of NDI relies on the demonstration
of subnormal ability to concentrate the urine despite the pres-
ence of the antidiuretic hormone pituitary-derived arginine
vasopressin. The measurement of serum sodium concentra-
tion and the failure to concentrate the urine normally in the
presence of high plasma vasopressin concentration and after
parenteral administration of vasopressin or desmopressin are
diagnostic of NDI [22]. The water deprivation test helps dis-
tinguish between the different causes of polyuria. This test
should be performed by experienced physicians and entails
withholding any fluid intake from the patient. The normal
physiologic response to the water deprivation test is an in-
crease in the antidiuretic hormone as the plasma osmolality
increases and, subsequently, an increase in urine osmolal-
ity [23,24].

In our study, 36.8% of patients underwent the water
deprivation test; the most common test used to confirm the
diagnosis of NDI was failure to concentrate urine after des-
mopressin administration.

Surgical interventions were the most common method
of relieving the obstruction, accounting for 84% of the total
case reports reviewed. In these studies, all patients respond-
ed with a decrease in urinary output and experienced better
concentration of urine: 87.5% of patients had complete re-
lief of symptoms and 12.5% had partial relief. In 31% of the
cases, thiazides were used. In one case, thiazides caused a
significant decrease in urinary output with the concomitant
use of non-steroidal anti-inflammatory drugs.

CONCLUSION

We found out that urinary obstruction in its different forms
can cause NDI and that with early diagnosis and timely relief
of the obstruction, NDI can be reversible. Cancer was the
most common cause of the obstruction. Imaging techniques
were used to determine the site of obstruction; inability to
concentrate urine and desmopressin tests were the most
common methods of diagnosis; and surgical interventions
were the most common treatments.

Limitations

Our study could be limited by publication bias. We under-
stand that we studied only case reports of a rare and under-
reported condition in humans and that the reasons for ob-
struction, the treatment methods, and the clinical course can
be different in clinical settings. Other biases would be the
English-language bias and the database bias.

As far as the pathogenesis of NDI is concerned, all ex-
cept one referenced study was an animal study. More stud-
ies in humans are needed to evaluate and better understand
the mechanism behind urinary tract obstruction that causes
NDI. Our data should be interpreted with these limitations
in mind.
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