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ABSTRACT
Obstructive uropathy can have many causes and can manifest as supravesical, vesical, or infravesical levels 

of obstruction. Treatment of obstructive uropathy, whether definitive or temporary, has a risk of complications or 
could worsen the patient’s quality of life. Thus, knowledge of the parameters that predict recoverability of renal 
function after obstructive uropathy treatment is essential for patients and their families. Several studies have 
evaluated many factors that might potentially predict recoverability of renal function after obstruction release 
and these essentially are divided into factors predicting unilateral or bilateral obstruction. Almost all unilateral 
obstruction studies used ureteropelvic junction obstruction cases as their subjects and utilized nuclear scan 
renography to evaluate kidney recoverability. Factors confirmed as predicting factors for recoverability of renal 
function were age, hemoglobin level, BUN-to-creatinine ratio, postoperative urine volume and sodium excretion, 
cortical thickness, type of renal pelvis, hydronephrosis grade, corticomedullary differentiation, parenchymal 
echogenicity, renal resistive index, and initial kidney function. Thus, these studies all had different criteria for 
defining the recovery of renal function, and this might explain the differences observed from study to study.

Keywords: Hydronephrosis, obstructive uropathy, predicting factor, recoverability, renal function.

INTRODUCTION
Hydronephrosis is a term used to describe a 

dilated renal pelvis, with or without involvement 
of its calyces, and might arise due to a 
physiological or pathological condition.1 In the 
physiological situation, a dilatation of a urinary 
tract structure can occur following events such 
as diuresis, increased intra-abdominal pressure 
(e.g., straining), or the influence of gravity.2 This 
dilatation is essential to allow efficient urine 
expulsion from the renal pelvis.2,3 However, in a 
pathological condition, also known as obstructive 
uropathy, a dilatation of the urinary tract 
structure happens in response to obstruction at 
the supravesical, vesical, or infravesical level.4–7 

In women, obstructive uropathy can occur 
due to pelvic organ prolapse.8–10 In men, 
hydronephrosis may follow a benign prostatic 
obstruction.11 Regardless of gender, other 
common causes of obstructive uropathy include 
urinary tract stone disease, urothelial carcinoma, 
other malignancies, and neurogenic bladder.4,5,12 
To a lesser degree, obstructive uropathy can also 
be induced by infection, drug administration, and 
radiotherapy.13–15 Therefore, complaints related to 
obstructive uropathy may vary depending on the 
underlying cause.16 The presence of obstructive 
uropathy is also crucial in determining the 
prognosis and disease progression.17–19
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If obstructive uropathy is not suitably treated, 
it may cause irreversible structural changes and 
deteriorate renal function.20,21 Irrespective of the 
cause of the obstruction, optimal urine diversion 
is a mainstay in addition to definitive treatment 
and is performed using an indwelling catheter, 
double-J stent (DJ stent), or nephrostomy 
tube according to the obstruction location. 
However, the use of a urine diversion method, 
and specifically the DJ stent insertion and the 
nephrostomy tube, often harms the patient’s 
quality of life (QoL).22 Moreover, urine diversion 
does not provide a complete guarantee of return 
of full renal function after definitive treatment. 
This could be due to the occurrence of other 
pathological processes that affect kidney function 
in addition to obstructive uropathy. The duration 
of urinary tract obstruction is mostly unknown, 
especially in silent ureteral stone disease or 
malignancy.20,23

The risk of complications associated with 
definitive treatment or urinary diversion, 
as well as the possibility of worsening the 
patient’s QOL by urinary diversion, necessitate 
thorough discussion with the patient and 
family, especially regarding disease prognosis. 
Therefore, knowledge of the parameters that 
could predict renal function recoverability after 
obstructive uropathy treatment is essential. The 
aim of this review is to explore those parameters 
based on the currently available literature. 

EFFECTS OF OBSTRUCTIVE UROPATHY 
ON THE KIDNEY

Acute kidney injury (AKI), or even chronic 
kidney disease, can occur due to obstructive 
uropathy, especially with bilateral obstruction.24 
The obstruction effects on the kidney can be 
influenced by factors such as the duration, 
extent (partial or complete obstruction), or 
position (unilateral or bilateral obstruction) of 
the obstruction, as well as infection and the 
initial renal function.25,26 The difference between 
unilateral ureteral obstruction (UUO) and 
bilateral ureteral obstruction (BUO) lies in the 
ureteral pressure and renal blood flow within the 
acute phase. The total glomerular filtration rate 
(GFR) is still maintained in UUO and prevents 
acute kidney injury due to the presence of a 

functional contralateral kidney; nevertheless, 
the affected kidney will suffer GFR decrease 
and tubular damage within five minutes after the 
onset of the obstruction.24,27,28 Tubular damage 
causes kidney tubular dysfunction. Dysfunction 
of ion transport and urinary acidification is 
seen in both UUO and BUO. However, the 
urine concentrating ability due to Aquaporin-2 
impairment is more marked in BUO, whereas 
hypertrophy of the contralateral kidney is seen 
for compensation in UUO.27

Damage from interstitial fibrosis becomes 
significant following renal obstruction.24,27,28 
Inflammatory cells, such as leukocytes and 
macrophages, infiltrate in the early stage of 
obstruction, and they produce several cytokines. 
Cytokines and vasoactive agents, like Tumor 
Necrosis Factor α (TNF-α), Transforming 
Growth Factor β (TGF-β), Angiotensin II, and 
Interleukin-18, are believed responsible for the 
occurrence of interstitial fibrosis.27,29,30 Apoptosis 
also occurs due to obstructive uropathy and leads 
to tubular and interstitial atrophy.29 An animal 
study has also indicated that fibrosis progression 
continues even after release of the obstruction.26

Microscopically, the apoptosis of tubular 
and interstitial cells begins as soon as four days 
after onset of the obstruction and peaks at day 
15. Thinning of the kidney parenchymal tissue 
can be seen within a month. Most experts agree 
that a kidney obstruction lasting longer than six 
weeks causes irreversible damage.27,28 Therefore, 
any delay in obstruction release can affect long-
term renal function.31

P E R I O P E R A T I V E  P A R A M E T E R S 
P R E D I C T I N G  K I D N E Y  F U N C T I O N 
RECOVERABILITY AFTER OBSTRUCTION 
RELEASE

A summary of the current literature discussing 
the predicting parameters of recoverability 
kidney function after obstructive uropathy 
release in unilateral obstruction is shown 
in Table 1. A similar summary for bilateral 
obstruction or unilateral obstruction in single 
kidney patient is shown in Table 2. A summary 
of parameters that are positively correlated with 
kidney function recoverability after obstruction 
release is shown in Figure 1.  
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P a t i e n t  H i s t o r y  a n d  D e m o g r a p h i c 
Characteristics

Pa t i en t  h i s to ry  and  demograph ic 
characteristics, such as age, sex, history of 
diabetes and hypertension, health-related 
behavior (smoking, alcohol drinking, or drug 
use), obstruction-related symptoms, and 
obstruction etiology, have been discussed in the 
current literature studying the recoverability of 
kidney function after obstruction release. Age 
is known to have negative effects on structural 
and functional kidney changes. The development 
of nephrosclerosis and a decrease in nephron 
number leads to a reduction in the glomerular 
filtration rate (GFR).43 Hypertension and diabetes 
mellitus are other known independent risk factors 
for kidney disease and are more commonly 
seen in older patients.44,45 Conflicting results 
have been reported regarding the association 
between smoking and alcohol drinking and 
kidney disease. Theoretically, smoking could 
lead to kidney damage and early studies showed 
that smoking or drinking more than four serving 
of alcohol per day was associated with chronic 
kidney disease (CKD). However, the current 
literature does not identify these as independent 
risk factors for CKD. Drug use, such as heroin 
or cocaine use, has a confirmed association 
with CKD.46,47 Gender can also influence the 
occurrence of kidney disease, with a more rapid 

decline in kidney function seen in men than in 
women due to a protective effect of estrogen.48 
No evidence currently suggests that obstruction-
related symptoms, such as pain, are signs of 
persisting renal function, and no difference in 
renal recovery is observed between benign and 
malignant causes after obstruction treatment.49

Of the factors studied, age was the only 
parameter that could predict recoverability of 
renal function after obstruction release according 
to three studies, and younger age was positively 
correlated with recoverability.34,37,40 One study 
used a cut-off value of 35 years of age in 
predicting recoverability of renal function.34

Lab Parameters
The levels of blood glucose, serum potassium, 

and hemoglobin, the BUN-to-creatinine ratio 
(BCR), the urine pH, and the postoperative 
urinary sodium levels have been evaluated for 
their possible roles in predicting kidney function 
recoverability. Only the hemoglobin level, BCR, 
urine pH, and postoperative urinary sodium 
levels were predictive parameters. 38,39

Hemoglobin can be affected by several 
factors, such as bleeding or nutritional status. 
However, in a kidney that develops CKD, anemia 
becomes one of the signs due to depletion of the 
erythropoietin level.50 A hemoglobin level > 10 
mg/dL has a positive association with the return 
of kidney function after obstruction release.38

 
Figure 1.
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A direct relationship between urine pH and 
acute or chronic kidney failure is not clear. Low 
urine pH is associated with metabolic syndrome, 
which is a risk factor of CKD, and metabolic 
acidosis is also a common feature in CKD.51,52 
Low urinary pH has also been viewed as a 
predictor of CKD, and alkaline urine could be a 
protective factor for decreased renal function.53,54 
On the contrary, Hussain et al. showed that a 
urine pH < 6 had a positive association with 
the recoverability of renal function. This urine 
pH sample was taken from a nephrostomy tube 
following administration of an antibiotic to 
prevent the influence of urea-splitting organisms 
on urine pH.39 This contradictory result is still 
unresolved. 

Historically, the BCR has been used to 
differentiate between pre-renal and intra-renal 
causes of AKI, with a ratio of 10:1 considered 
normal and a ratio greater than 20:1 considered 
a pre-renal cause of AKI.55,56 Increased BCR 
in prerenal AKI occurs due to elevation of the 
antidiuretic hormone (ADH) levels, leading to 
increased urea reabsorption. However, this cut-
off value for the BCR is currently in question.56,57 
In a uropathy obstructive state, an elevation of 
BCR is expected due to the slower blood flow 
through the vasa recta. The slower urinary flow 
due to the obstruction also causes an increase 
in the urea reabsorption time, thereby leading 
to a higher total urea reabsorption.55 A BCR 
of more than 10:1 is a predicting factor of 
renal recovery after obstruction release, even 
though the theoretical explanation underlying 
this cut-off value is unclear.38 Therefore, the 
exact cut-off value for BCR in predicting renal 
recoverability after obstruction release should be 
studied further. The elevation in BCR could also 
be caused by many other factors that increase 
urea production, such as a high protein diet 
and gastrointestinal bleeding.57 Thus, caution is 
needed when using this parameter.

Natriuresis of more than 30 mEq/L is 
associated with the recovery potential of kidney 
function.39 It is correlated with post obstructive 
diuresis (POD), which will be further discussed 
in the subsection on postoperative clinical 
parameters.

Imaging

Kidney Anatomy Evaluation

The following kidney anatomy parameters 
have been studied for their roles in predicting 
kidney function return after obstruction release: 
kidney size, cortical and parenchymal thickness, 
parenchymal echogenicity, corticomedullary 
differentiation (CMD), degree of hydronephrosis, 
renal parenchyma to hydronephrosis ratio 
(PHAR), and type of renal pelvis (either intra-
parenchymal or extra-parenchymal). 

Kidney size, cortical and parenchymal 
thickness, and CMD can be evaluated using 
ultrasonography (USG). The normal values for 
renal length, cortical thickness, and parenchymal 
thickness are 10–12 cm, 7–10 mm, and 15–20 
mm, respectively. Cortical thinning is a sign 
that can be radiographically observed in patients 
with hydronephrosis.58 A reduction in cortical 
thickness may reflect atrophy as part of the 
pathogenesis of hydronephrosis.12 When the 
cortex and medulla are difficult to differentiate, 
which is defined as poor CMD, the parenchymal 
thickness can be used instead of the cortical 
thickness.58 Thicker parenchymal and cortical 
thicknesses are associated with better potential of 
recoverability of kidney function, with no return 
of kidney function observed when the cortical 
thickness is less than 12 mm.38,40 CMD can also 
predict the return of kidney function, according 
to multivariate analysis.42 Recent studies have 
failed to show kidney size as a predicting factor 
for return of kidney function.39,42

Parenchymal echogenicity can also be 
evaluated using USG. Renal parenchyma 
echogenicity is determined by comparing it with 
that of the liver or spleen parenchyma, which is 
usually isoechoic or hyperechoic.59 Increased 
renal echogenicity could indicate fibrosis 
or severe interstitial infiltration and tubular 
atrophy.60 A multivariate analysis by Sharma et 
al. showed that parenchymal echogenicity had 
a significant relationship with renal function 
recoverability after obstruction release.42 It was 
also correlated with decreased eGFR, while 
decreased eGFR indicated a poor prognosis for 
renal function recoverability.60 
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A study conducted by Li et al. demonstrated 
that the degree of hydronephrosis and PHAR 
could predict the return of kidney function after 
obstruction release, irrespective of the patient’s 
age.34 The degree of hydronephrosis and PHAR 
can be evaluated using several methods other 
than USG, such as computed tomography (CT) 
scans, magnetic resonance imaging (MRI), or 
intravenous pyelography (IVP). Li et al. used 
USG to determine the SFU classification for 
the degree of hydronephrosis and PHAR was 
calculated using a contrast CT scan.34 In infants, 
PHAR is a promising parameter for predicting 
surgery success in patients with high-grade 
prenatal hydronephrosis.61 

The renal pelvic type is considered 
extraparenchymal if more than 50% of the 
renal pelvis is contained outside the kidney 
parenchymal volume, and intraparenchymal if 
more than 50% of the renal pelvis is contained 
inside the kidney parenchymal volume. The 
extraparenchymal type of pelvis is positively 
correlated with kidney function improvement 
after obstruction treatment.34 This might reflect 
the small volume that is constrained in the 
intraparenchymal pelvis, so a volume excess 
could lead to high intrapelvic pressure.62 Thus, 
hypothetically, less compliance is found in the 
intraparenchymal renal pelvis, making it more 
susceptible to obstruction. However, this theory 
requires further proof.

Kidney function evaluation

The kidney function evaluation parameters 
of renal perfusion, differential renal function 
(DRF), and tissue tracer transit (TTT) were 
used to predict recoverability of kidney function 
were studied in adult ureteropelvic junction 
obstruction (UPJO) patients. These three 
parameters were obtained using nuclear scan 
renography, either 99mTC-MAG3 or 99mTC-
DTPA, and were confirmed in current studies as 
potential parameters for predicting recovery of 
renal function.33-35,37

Khalaf et al. found that good renal perfusion 
was positively correlated with the recoverability 
of renal function. Renal perfusion is determined 
using 99mTC-DTPA and is considered good 
perfusion if the first 30 seconds of the vascular 

phase after tracer injection represents one third 
or more of the total curve counts.35

Better recoverability of renal function was 
found for a low DRF than for a higher one.32,37 
However, this finding was challenged by Li et 
al., who found a higher baseline DRF in a group 
showing kidney function improvement after 
treatment.34 Moreover, a kidney with a DRF less 
than 10% has long been known to have a small 
chance of recovery.25 

The TTT is defined as the transit of a 
physiological tracer from the parenchyma 
to the renal pelvis and is considered delayed 
if the tracer transit is slower than that in the 
contralateral kidney. A tracer that is relatively 
stable within the kidney in images at three and 
nine minutes or a tracer that shows increased 
activity in the renal parenchymal is a sign of 
delayed TTT. Liu et al. showed that delayed 
TTT was positively associated with the return 
of kidney function after therapy.33 

Resistive index (RI) measurement

RI is measured using Doppler USG. Renal 
RI can be calculated as the peak systolic velocity 
– end diastolic velocity divided by peak systolic 
velocity when the Doppler USG image is 
obtained on the interlobar renal artery.63 A high 
renal RI (> 0.65) was associated with severe renal 
fibrosis and a decrease in renal function.64 This 
result agrees with that of Li et al., who showed 
a correlation between a lower preoperative RI 
and better recoverability of kidney function.34 
A study by Shokeir et al. also reported that a 
mean difference between postoperative and 
preoperative RI of 0.14 indicated a good chance 
of renal function return.35

Intraoperative Parameter
Intrapelvic pressure can be measured 

in t raopera t ive ly  dur ing  percutaneous 
nephrostomy (PCN). This parameter was 
measured using a manometer after putting a 
needle inside the kidney with the mid-axillary 
line as its reference point.42 Even though this 
pressure showed significant correlation with 
recoverability of renal function after obstruction 
release, it failed to show a significant influence 
in multivariate analysis.42
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Postoperative Clinical Parameters
Postoperative diuresis of 2–8 liters per 24 

h after obstruction release is associated with 
better outcomes in terms of renal recovery.39 
Decompression of a renal obstruction leads 
to post-obstructive diuresis (POD), which is 
a physiological response when body tries to 
eliminate excess water and solutes due to an 
obstruction. POD usually happens in patients with 
bilateral obstruction or a single-kidney unilateral 
obstruction.65 This physiological polyuria response 
lasts for less than 48 h, and if it persists more than 
48 h, pathological POD occurs. Therefore, as it 
is a natural response, POD might be a good sign 
for kidney function return. However, careful 
monitoring should be done due to the risk of 
dehydration and electrolyte imbalance.27

FUTURE DIRECTIONS
The literature available to date indicate 

that different criteria are used to determine the 
recoverability of renal function after obstruction 
release. Nuclear scan renography has been used 
in unilateral obstruction, mostly due to UPJO, 
whereas laboratory parameters, such as GFR 
or serum creatinine, have been used in cases 
of bilateral obstruction or non-UPJO causes 
to assess kidney function. These differences 
cannot be circumvented due to the different 
natural courses of the disease between UUO and 
BUO. However, similar criteria should be used 
to evaluate the recoverability of renal function. 
This study proposes that an improvement of 
> 7% DRF and GFR > 30 ml/min/1.73 m2 
(Kidney Disease Outcomes Quality Initiative – 
KDOQI criteria) should be used as criteria for 
recoverability of renal function for unilateral 
and bilateral obstructions, respectively. A GFR 
> 30 ml/min/1.73 m2 is proposed because the 
symptoms of CKD are commonly found in stage 
4 and 5 disease.

CONCLUSION
Various perioperative parameters can predict 

the recoverability of renal function, but these 
vary from study to study. These differences 
might reflect the differences in the study 
populations and the criteria used to determine 
renal recoverability.
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