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Figure 3: Functional changes following unilateral and bilateral obstruction and 
markers of kidney injury (Adapted with information from Bellomo, 2012; 

Campbell-Walsh, 2012; Loo 1988). 
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Some researchers investigating the deleterious effects of partial ureteral occlusion have 

used neonatal animal models to evaluate the changes in cellular differentiation and 

development (Sugandhi, 2014; Wen, 1998). Glomerular and tubular structures are 

compromised and the overall renal function is affected. This process is likely similar to 

what happens in newborn patients with prenatal hydronephrosis and posterior urethral 

valves who have chronic kidney disease related to renal dysplasia.  
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Animal models creating partial ureteral obstruction have found evidence of parenchymal 

loss, peripelvic and interstitial fibrosis in the early phase (2-4 weeks) of unilateral 

obstruction (Botto, 2011; Guerin, 2008). These findings show the deleterious impact on 

long-term renal obstruction, even in models with incomplete obstruction. Interestingly the 

degree of tissue damage did not always correlate with the grade of dilatation of the upper 

tract. For these reasons, we believe that we should not rely only on the presence or 

absence of hydronephrosis in the imaging studies of patients with stone disease to rule 

out the existence of subclinical kidney injury.  

Many research studies have focused on analyzing mechanisms to avoid apoptosis and 

fibrosis in animal models with renal obstruction. Nitric oxide (NO), transforming growth 

factor (TGF-β1), Tumoral Necrosis Factor-α (TNF-α) and other new biomarkers have 

been implicated in renal remodeling. Some of these will be later discussed because their 

expression during episodes of ischemia/obstruction has been used to identify patients 

with a higher risk of poor outcomes, and are the current basis for timely AKI diagnosis. 

1.3 Mechanisms of renal injury 

Urinary obstruction causes a significant derangement in the mechanisms of urinary 

concentration, and continuous obstruction causes cellular injury leading to tubular and 

interstitial atrophy, fibrosis and cellular proliferation (Ito, 2004). Apoptosis is the main 

pathway that leads to renal atrophy and chronic kidney disease (CKD), which is 

principally established by glomerular sclerosis and interstitial fibrosis.  
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Apoptosis is orchestrated by several intracellular and transmembrane signals involving 

caspase enzymes and TNF-α pathway resulting in the release of intracellular proteins 

with subsequent tubular cell death (Chevalier, 2009). Renal architecture is also affected 

when acute inflammation augments the synthesis of metalloproteinases leading to fibrotic 

changes. 

The angiotensin pathway is a promoter of fibrotic changes by upregulating the expression 

of cytokines that stimulate extracellular inflammation, such as TNF-α and TGF-β1. The 

synthesis of extracellular matrix, mostly collagen fibers, and the signaling process to 

recruit inflammatory cells contributes to the histological changes that decrease the 

amount of parenchyma by destruction of the nephrons (Hewitson, 2009). Tubular atrophy 

and interstitial remodeling also cause obliteration of postglomerular peritubular 

capillaries, with a subsequent decrease in the GFR (Ito, 2004).  

A similar biological pathway of renal fibrosis linked to ischemic injury is also exhibited 

in cases of chronic obstruction. The interactions between inflammatory cells and 

interstitial cells, besides causing fibrosis in tubular area, can cause de-differentiation into 

mesenchymal cells or apoptosis of endothelial cells leading to renal ischemia (Chevalier, 

2009). This process may be slow, but may explain the progressive kidney damage seen in 

patients with chronic UUO. 

As urologists we are interested in the grade and time course of obstruction because these 

factors will impact the histological injury of the renal parenchyma and the long term 

global renal function.  Kerr in 1956 was the first to correlate the degree of injury with the 

duration of obstruction. Vaughan evaluated the radiological and pathological appearance 
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of unilateral obstructed renal units in dogs and found a remarkable recovery 4 weeks after 

relieving the obstruction. In contrast, animals that had an obstruction longer than 7 weeks 

however, did not have complete recovery (Kerr, 1956; Vaughan, 1971). 

The extent and magnitude of the obstructive process and the degree of cell loss during the 

inflammatory and fibrotic post-obstructive process play important roles in the recovery of 

renal function. The duration of unilateral ureteral obstruction and the animal species 

analyzed have been found to be determinants of renal recovery (Bander, 1985; Leahy, 

1989; Vaughan 1973). Other factors such as level of obstruction, compliance of 

collecting system, presence of infection, and integrity of lymphatic channels may affect 

the final pathway for histological injury (Vaughan, 2004). 

Upon relief of obstruction, not all of the mechanisms behind kidney injury will halt. 

Progression of renal damage has been demonstrated in histological analysis in a rat study 

after only 3 days of complete ureteral obstruction, despite normal renal blood flow or 

GFR (Ito, 2004). Cochrane and colleagues developed a mouse model where UUO was 

carried out for 10 days, and then were allowed to recover for a period of 1, 2, 4 or 6 

weeks. Results showed a significant increase in the number of macrophages and collagen 

fibers during the first weeks after obstruction relief with a decrease in the unilateral GFR, 

however, animals that were sacrificed after 6 weeks had a decreased grade of fibrosis and 

inflammation, but the eGFR of the affected unit was between 50-84% of the contralateral 

side (Cochrane, 2005). This definitely may compromise the long-term renal function, 

especially if we translate these findings to patients with medical conditions that 

chronically affect renal function, like diabetes, hypertension or recurrent stone disease.  
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The process of renal obstruction, either unilateral or bilateral, involves vascular, 

hemodynamic, and humoral pathways which are intended to respond to the insult, 

however these same complex mechanisms of renal restoration may contribute to 

architectural alterations that accelerate nephron loss and subsequent CKD (Harrison, 

2015).  

1.4 Acute Kidney Injury  

Acute kidney injury (AKI) is a broad term used to define a sudden decrease in the GFR of 

both kidneys causing retention of waste products, such as urea and creatinine and 

dysregulation of extracellular volume and electrolytes (Bellomo, 2012; Palevsky, 2014).  

While this condition might be subclinical and may not be recognized by a medical 

practitioner in asymptomatic patients with normal baseline renal function, alternatively it 

might be life-threatening and considered as a risk factor for patient mortality in an acute 

illness, like septic shock. The duration, severity, and baseline renal function will 

determine if other metabolic anomalies will accompany the scenario. Recently, the term 

AKI replaced the expression “acute kidney failure”, with the latter now reserved only for 

severe kidney injury associated with the need for renal replacement therapy, such as 

hemodialysis. AKI can be caused by three different mechanisms, which will be explained 

below, and Figure 4 shows the most common causes of each.  

• Prerenal, refers to the clinical situation where the glomerular filtration mechanisms 

are preserved and the dysfunction arises from a hypovolemic state, or renal blood 

flow is reduced. Clinical examples include patients with AKI related to extensive 

bleeding or septic patients where decreased vascular resistances diminish the renal 

blood flow, and patients with cardiogenic shock. The physiological response to renal 
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hypoperfusion involves vasodilation of the afferent arteriole and vasoconstriction of 

the efferent arteriole in an attempt to keep an adequate blood flow for GF. If the renal 

hypoperfusion is not reversed, ischemic insult to the tubules will occur which is 

called Acute Tubular Necrosis (ATN). 

• Renal causes of AKI are the most common and involve a primary dysfunction within 

the nephron. ATN is by far the most frequent cause of AKI in the emergency 

department, being intimately related to prerenal disturbances, but some intrinsic and 

extrinsic toxins and exogenous agents may cause direct tubular damage (i.e. 

cisplatin, non steroidal anti-inflammatory drugs) 

• Postrenal causes are of particular interest to urologists because an appropriate and 

timely treatment can prevent serious complications. These are related to acute 

obstruction of the urinary system; and as previously explained the severity is 

associated to the time of onset and bilateralism.  

	

Figure 4: Common causes of AKI according to the specific cause. 
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1.4.1  Definition and diagnosis 

Different groups have defined AKI, and distinct classifications have been developed to 

improve the threshold of detection and the quality of health care. The most common 

schemes are the Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) and Acute 

Kidney Injury Network (AKIN) criteria. Definitions are similar and are based on 

creatinine levels, urine output and preferably require knowledge of baseline serum 

creatinine of the patients (Bellomo, 2004; Mehta, 2007). 

AKI is a diagnosis commonly encountered in the emergency department and the 

Intensive Care Unit, with prevalence rates as high as 50-60% (Bouchard, 2015). Patients 

with AKI usually present clinical manifestations from other systems associated with an 

underlying disease. Diagnosis of AKI is made after biochemical test are ordered, such as 

serum blood nitrogen urea and creatinine, or clinically by measuring the urine output. 

Both parameters are functional and do not reflect the histological renal injury.  

The RIFLE criteria, proposed by the ADQI group (Acute Dialysis Quality Initiative), 

graded renal injury in three levels and determined two different outcomes accordingly. It 

uses the serum levels of creatinine or the urine output of patients over time to grade the 

level of injury (Bellomo, 2004). The AKIN criteria is also commonly used in the acute 

setting and employs similar parameters as the RIFLE classification, but addresses only 

one outcome, the need for renal replacement therapy (Mehta, 2007). As Figure 5 

demonstrates, RIFLE definitions depend on a proportional increase of serum creatinine or 

oliguria for more than 6 hours. AKIN also defines Stage 1 injury as an increase creatinine 
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of  ≥ 0.3 mg/dl. These definitions obviously do not fit all cases and reveal the need for 

more specific and practical markers of kidney injury.  

 

Figure 5: RIFLE and AKIN criteria of acute kidney injury (Adapted from Bellomo, 
2004 and Mehta, 2007). 

 

Serum Creatinine 

Creatinine (Cr) has been considered the gold standard for global kidney function 

evaluation. The absolute value might be affected by the rate of production, the hydration 

status of the patient and the type of creatinine assay. Moreover, abnormal serum levels 

are only observed when more than 50% of the glomerular filtration rate is affected. In 

unilateral kidney injury in the presence of a normal contralateral unit, creatinine may not 

be elevated at all. One other important drawback of serum creatinine measurement is the 

RIFLE Criteria

Risk UO < 0.5 ml/kg/hr (6 hrs)

Injury

Failure

⬆Cr x 2,
eGFR decreases > 50%

⬆Cr x 3,
eGFR decreases > 75%,

Cr ≥ 4 mg/dl

Loss

End-
Stage

Complete loss of renal function for > 4 weeks

⬆Cr x 1.5,
eGFR decreases > 25%

UO < 0.5 ml/kg/hr (12 hrs)

UO < 0.3 ml/kg/hr (24 hrs) 
Anuria x 12 hrs

End Stage Renal Disease > 3 months

AKIN Criteria

Stage 1UO < 0.5 ml/kg/hr (6 hrs)

Stage 2

Stage 3

⬆Cr x 2

⬆Cr x 3,
Cr ≥ 4 mg/dl with ⬆≥ 0.5 

mg/dl
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Stage

Patients requiring Renal Replacement Therapy are 
considered to have met Stage 3 

⬆Cr x 1.5,
⬆ ≥ 0.3 mg/dl in Cr 

UO < 0.5 ml/kg/hr (12 hrs)

UO < 0.3 ml/kg/hr (24 hrs) 
Anuria x 12 hrs

End Stage Renal Disease > 3 months

Abbreviations: Cr, Creatinine; eGFR, estimated glomerular filtration rate; UO, urine output.
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need for a baseline value to compare with and to define AKI according to the appropriate 

classification. Because it can take more than 24-48 hours to increase in the setting of AKI 

it loses the diagnostic performance when there is a sudden change in the eGFR. In 

summary, by using serum creatinine as a marker of AKI we are delaying the diagnosis by 

identifying the functional consequence of the kidney damage, and not the injury by itself.  

Cystatin C 

Cystatin is a protease inhibitor produced by almost all human cells in a constant rate, it is 

filtered by the glomerular membrane and seems to be unaffected by factors other than the 

GFR. It has been proposed as an alternative option from serum creatinine to assess renal 

function and predict mortality and cardiovascular events. Several population-based 

studies have evaluated its role in the detection and prognosis of CKD finding a good 

association with the eGFR and better predictive rates for ESRD and survival than serum 

creatinine (Ingelfinger, 2013; Shlipak, 2013). Cystatin C has also been useful to detect 

subclinical AKI in different cohorts of ICU patients (Gaygisiz, 2016) but its role in 

urological patients has been inconsistent, and it has not been associated with 

hydronephrosis (Karakus, 2016; Madsen, 2012). Moreover, it may reflect a functional 

consequence of the renal damage, instead of a true injury. 

Urine output 

Low urine output, also called oliguria (< 0.5 ml/kg/hr) is considered a diagnostic 

parameter for AKI diagnosis (Figure 5), and can also be monitored to evaluate the 

patient’s response to therapeutic maneuvers. Change in urine output is one of the first 

signs of kidney injury and it appears even before biochemical changes. Prerenal causes of 
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AKI are characterized by anuria or oliguria, while urine output in renal and postrenal 

situations vary from anuria to polyuria.  

Several observations have been raised about the clinical utility of these definitions and 

the need of individualization in specific situations. The current recommendation is to use 

the first available serum creatinine and avoid using a historical value (Fliser, 2012). Other 

authors suggest the use of urine output by ideal body weight. These limitations come 

from the absence of evidence regarding the ideal cut-off value to determine the different 

stages of AKI, independently of the criteria used.  

New evidence suggests that, these criteria may be replaced by biomarkers of renal tubular 

injury, such as KIM-1 and NGAL (Siew, 2012). Until further evidence proves the 

positive clinical impact of these new methods, we will continue to use the 

aforementioned criteria to detect patients with kidney injury.  

Urine protein and urine protein-creatinine ratio 

Proteinuria is a well-defined effect of glomerular disease and has been used to determine 

and monitor the grade of injury in different clinical situations. It may reflect a decreased 

capacity of reabsorption at the level of renal tubules, implicating tubular or interstitial 

damage, but an increased protein production by systemic disease (e.g. multiple myeloma) 

can also cause proteinuria by an overflow mechanism. This parameter is recommended 

for detecting and monitoring proteinuria in patients with CKD, but it not the best strategy 

to evaluate AKI because it directly relies on creatinine excretion, which is usually 

diminished in patients with AKI (Nguyen, 2009).  



 20 

1.4.2  Post renal causes of AKI 

Urological patients with AKI are seen in less than 10% of the hospitalized cases, but the 

prompt diagnosis with early relief of obstruction in these patients can prevent lifelong 

kidney damage (Caddeo, 2013). Table 1 already described the most common causes 

associated with upper urinary tract obstruction. As urologists we face AKI in patients 

with bilateral hydronephrosis, most commonly caused by bladder outlet obstruction or 

bilateral obstructive stone disease. On the other hand, unilateral hydronephrosis is usually 

not accompanied by AKI, except in patients with chronic kidney disease or with a non-

functioning contralateral renal unit. Despite this, the obstructive process may initiate the 

cascade of metabolic mechanisms that could lead to renal fibrosis.  

As previously discussed, UUO is also associated with the initiation of injury mechanisms 

that lead to fibrosis, cellular apoptosis and chronic kidney damage. The usual clinical 

parameters of kidney function are insufficient to detect unilateral kidney damage in 

patients with a contralateral normal kidney.  

We focused our research on the evaluation of AKI markers in patients with stone disease 

and hydronephrosis. We planned to also include patients with UPJO, which is a specific 

condition of upper urinary tract obstruction that is usually not associated with other 

inflammatory conditions.  
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1.4.2.1 Renal stone disease 

Nephrolithiasis is one of the most common urological causes of emergency department 

visits; patients usually seek medical evaluation after an episode of renal colic. Initial 

evaluation is performed to determine the diagnosis, and imaging studies are completed to 

define the appropriate management, which depends on the clinical manifestations, 

association with infectious processes, and comorbid conditions. Several studies have 

shown an increased risk of CKD and ESRD in patients with nephrolithiasis (Keddis, 

2013). 

Patients requiring urgent management usually have a double J stent or nephrostomy 

placed after being evaluated in the emergency department. Those without an urgent 

indication for treatment, despite the grade of obstruction, are seen in an outpatient basis 

to determine the need for further management. Patients with small ureteric stones 

(<7mm) may be offered medical expulsive therapy to promote the passage of the calculus 

avoiding an invasive procedure (Miller, 2007; Nakada, 2015). Approximately 15-20% of 

the patients require an invasive management, either emergent decompression of the 

urinary tract or definitive therapy: shockwave lithotripsy (SWL), ureteroscopy (URS) and 

percutaneous nephrolithotomy (PCNL) (Nakada, 2007). 

Specific indications for stone management are described in the literature (Preminger 

2007; Türk, 2015), and are beyond the scope of this study, but to summarize, large kidney 

stones (usually > 2cm) are treated with PCNL, smaller kidney stones and ureteric calculi 

required SWL or URS. For the purpose of this study, we did not evaluate patients who 

had SWL because several studies have found an increase expression of AKI markers 



 22 

during this treatment, which is related to injury of the renal parenchyma and might affect 

the interpretation of our results (Nader, 2013; Nikoobakht, 2006). 

1.4.2.2 Ureteropelvic junction obstruction and ureteric 

stricture 

Ureteropelvic junction obstruction (UPJO) is a urological disease encountered in the 

pediatric and adult populations characterized by a congenital anatomical anomaly that 

impairs the flow of urine from the renal pelvis to the proximal ureter. The obstruction 

results from an aperistaltic segment of ureter or the presence of abnormal blood vessels 

that cause extrinsic compression of the upper ureter. Imaging studies usually reveal a 

severely dilated renal pelvis with an abrupt transition to a normal size upper ureter. Some 

patients may have secondary renal calculi associated with long-standing obstruction, 

although these stones are typically not the cause of obstruction. 

Regardless of the cause and the age at the time of diagnosis, the clinical assessment 

should determine if the mechanical obstruction affects the dynamic flow of urine to the 

lower urinary tract, which means there is a functional repercussion to the renal unit. A 

diuretic renal scan is considered the gold standard to determine the presence of functional 

obstruction. A flat curve and a clearance half-life of the radiotracer > 20 minutes in the 

renography scan is considered diagnostic of a functional UPJO (Khan, 2014). Treatment 

of UPJO is warranted to relief symptomatic episodes of pain, infection but mostly to 

avoid further deterioration of the renal function. The best treatment option is a minimally 

invasive pyeloplasty, performed by either a laparoscopic or robotic approach and it is 

associated with a success rates greater than 90% (Khan, 2014). Equivocal cases with 
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radiotracer half-life of 10-19 minutes were not historically considered to have functional 

obstruction, and clinical observation was warranted. Recent literature suggests that 

pyeloplasty provides adequate functional results (Ozayar, 2015). Postoperative follow-up 

includes a diuretic renal scan to evaluate the split renal function and rule out restenosis of 

the recently created ureteropelvic anastomosis. 

Patients with hydronephrosis caused by nephrolithiasis or UPJO obstruction are ideal 

candidates to evaluate the impact of urinary tract obstruction on urinary AKI markers 

levels. They have preoperative radiological evaluation, which is used to plan the 

intervention and to determine the presence and grade of hydronephrosis. Renal function 

assessment is always made during the initial evaluation at the initial urological 

consultation. An invasive procedure is performed (URS/PCNL/pyeloplasty) to remove 

the cause of obstruction and follow-up studies determine the success of the intervention. 

The standard of care will allow the collection of urine samples and correlate clinical, 

radiological and biochemical findings with the levels of these markers in this set of 

urological patients.  

1.5 Diuretic renography 

Diuretic renography is a nuclear non-invasive study which provides a measurement of the 

renal function in each of the renal units, while detecting the presence of obstruction in the 

upper urinary tract. This test allows discrimination of the urinary tract system dilation 

without obstruction, from true physiological obstruction. It is based on the principle that 

the injected radiotracer in freely filtered and accumulated in the renal collecting system, 

and in the absence of urinary tract obstruction the diuretic increases the urine flow 
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clearing the tracer from the renal silhouette. Tracer activity along with time are plotted in 

a X-Y graph (Time-activity curve), which is visually evaluated with the aid of 

computerized software to determine the clearance half-time of the radiotracer, less ten 

minutes is considered normal.  Several factors may play an important role in obtaining 

and interpreting the results, like hydration status, administrated diuretic dose and time, 

previously determined region of interest (ROI) and the method of evaluation 

(computerized vs visual) (Karam, 2003; Sarkar, 1992). 

In clinical practice, a half-life clearance > 20 minutes after the diuretic dose is considered 

diagnostic for obstruction. Depending of the site and cause of obstruction, appropriate 

management should be tailored according to patient’s conditions. However, some patients 

show clinical signs and symptoms of chronic obstruction with a diuretic renogram that 

fails to show obstruction (1/2 life clearance 10-20 minutes). There is no agreement about 

the most appropriate treatment, being observation, temporal stent placement or surgery 

accepted management strategies. Despite that current treatment indications are based on 

the renogram findings of obstruction, there is recent evidence that patients with equivocal 

UPJO may benefit from minimally-invasive treatment, by preserving long term renal 

function (Ozayar, 2015). This is also another argument that reflects that our current 

methods for urinary tract obstruction diagnosis are not 100% accurate, and need to be 

revised to improve patients’ health care.  

1.6 Markers of Acute Kidney Injury 

Since it was first introduced, over 80 years ago, creatinine has been considered as an 

accurate parameter to determine global renal function. Despite its widespread use, 
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creatinine is considered a poorly sensitive marker in the acute setting, mainly because it 

may take 48-72 hours after the renal injury for serum levels to rise. It is usually measured 

in conjunction with serum urea, which accumulates in the blood stream due to ineffective 

glomerular function.  

Both serum parameters do not reflect the renal damage in “real time”. Glomerular 

filtration needs to decrease to more than 40-50% to show increments in baseline levels, 

making them insensitive for detection of acute kidney injury (Siew, 2011). Moreover, 

slight injury to renal parenchyma, which may be presented in cases of incomplete or 

unilateral obstruction, may not be detected by these standard tests.  

Despite the improvements in the management of acutely ill patients, the mortality and 

morbidity associated with AKI has not decreased during the last two decades (Chertow, 

2005). One of the main reasons is that serum creatinine reflects renal function but not 

real-time damage (Nguyen, 2007: McWilliams, 2014). Contrary to what has happened in 

myocardial infarction, where troponins are very sensitive indicators of abnormal 

myocardial perfusion making earlier interventions effective to improve patients’ 

outcomes, the diagnosis of AKI is delayed by the use of serum creatinine. This 

shortcoming with serum creatinine has stimulated research into identifying more accurate 

markers of renal function (Siew, 2011). 

Recently, some translational research reports suggested the promising role of proteins 

that are upregulated after kidney injury (Bonventre, 2014). Initially, animal experiments 

revealed good specificity and sensitivity of these molecules to detect renal damage after 
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ischemic or nephrotoxic insult (Siew, 2011), and human cohort studies have evaluated the 

diagnostic performance of several biomarkers in AKI and CKD (Hsu, 2015).  

In fact, the American Society of Nephrology designated AKI biomarkers research as a 

top priority, leading to the identification of at least 20 different potential markers. A 

biomarker is a specific feature that can be measured and indicates a biological process 

(Atkinson, 2001). According to several studies and expert opinion, the most promising 

are NGAL, KIM-1, Interleukin-18 (IL-18), cystatin-C, liver-type fatty acid-binding 

protein (L-FABP), glutation S-transferase (GST) and N-acetyl-B-D-glucosaminidase 

(NAG). Clinical studies have analyzed their particular role in predicting outcomes of 

critically ill patients (Zappitelli, 2007), risk of AKI in patients after cardiac surgery 

(Perrotti, 2015), chronic renal injury in diabetic patients (Sabbisetti, 2014), contrast-

induced nephropathy (Tong, 2015), and renal transplant patients with graft dysfunction 

(Alachkar, 2011; Malyszko, 2010). 

These proteins are now considered as biomarkers of AKI; they can be measured in blood 

and urine and have shown a better correlation with the effects of AKI than serum 

creatinine (Siew, 2011). The detection of these molecules relies in three different 

mechanisms that may provide signs of renal injury in an opportune fashion, showing 

more sensitivity to AKI than serum creatinine: 

• Structural proteins excreted during initial tubular damage 

• Molecules not reabsorbed after tubular dysfunction 

• Protein production after specific genes are upregulated during acute tubular injury 
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The third mechanism has been studied the most, with KIM-1 and NGAL as the more 

commonly evaluated biomarkers in basic and clinical studies (Cost, 2013; Karakus, 2016, 

Urbschat, 2014).   

Multiple questions are still remaining, specifically about the clinical usefulness of these 

proteins, especially in urological patients. For example, KIM-1 has been catalogued as a 

marker of injury, but also some evidence exists in animal studies about a possible anti-

inflammatory effect (Yang, 2015). On the other hand, NGAL can also be secreted by 

activated neutrophils, which may reduce the sensibility for AKI detection in patients with 

inflammatory conditions, other questions include: 

• Is the renal obstruction associated with subclinical acute kidney injury? 	

• Does the hydronephrosis grade correlate with the extent of renal injury measurable by 

AKI markers? 	

• Are any of these proteins a reliable marker of hydronephrosis?	

• Can we use these biomarkers in urological patients to assess other systemic 

conditions that may cause renal injury?	

McWilliam and colleagues reported the reference intervals for KIM-1 and NGAL in 

healthy children analyzing more than 250 samples from UK and USA being an essential 

step for further use of these biomarkers in clinical settings, such investigations have not 

been performed in adult populations (McWilliam, 2014). In order to control the variations 

in hydration status and urine production, urinary biomarkers are usually normalized to the 

urinary levels of creatinine.  
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Our research was centered in the evaluation of KIM-1 and NGAL, which can be 

measured in urine, and are mostly expressed in renal tissue. We will present a summary 

of the most important information related to these two biomarkers. 

1.6.1  KIM-1 

Initially named TIM-1(Tissue Injury Molecule-1), this marker was identified using 

mRNA analysis after renal ischemic injury in rats. It is a transmembrane protein 

expressed in small amounts in normal kidney, but highly replicated in the proximal 

tubular epithelial cells after an ischemic insult, having a potential role in the regeneration 

of the normal function of the tubular cells (Ichimura, 1998). Recently, Yang and 

colleagues proposed an antiinflammatory effect by enhancing the phagocytic process and 

protecting the kidney from AKI (Yang, 2016).  

KIM-1 has a immunoglobulin-like domain, specifically located in the apical membrane of 

proximal tubular cells. Histological analysis has revealed a predisposition for expression 

in the proximal renal tubule. The ectodomain is stable and appers in the urine after renal 

insult. It has been qualified by the Food and Drug Administration (FDA) and the 

European Medicines Agency (EMA) for preclinical assessment of nephrotoxicity 

(Bonventre, 2014; Dieterle, 2010). 

Several theories have been evaluated in recent years to elucidate the overexpression of 

KIM-1 after renal injury. Because it is highly expressed in tubular epithelium after cell 

injury, KIM-1 may play a role in the regeneration of epithelial cells by facilitating their 

restoration, but other studies have shown that KIM-1 has a renoprotective effect, by 
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facilitating the apoptotic response of injuried cells (Bonventre, 2014). Despite the 

evidence regarding the possible protective effect of KIM-1, chronically injured cells also 

express KIM-1 on their surface augmenting the interstitial fibrotic process, Whether the 

expression is mainly affected by acute or chronic injury, a consensus exists regarding the 

limited expression in healthy kidney tissue. 

Animal studies have demonstrated an increased expression of urinary KIM-1 after renal 

insult. A rat model experiment found an increased expression of tissue and urinary KIM-

1 in animals after cisplatin-induced nephrotoxicity; it was the most sensitive marker, 

correlated with the progression of kidney lesion and was observed before histological 

injury (Vinken, 2012). Vaidya and colleagues found a significant increment in urinary 

KIM-1 levels after bilateral renal ischemic injury in rats, while serum creatinine remained 

within normal limits (Vaidya, 2009). 

Several clinical studies have demonstrated the relationship between KIM-1 expression 

and chronic and acute kidney injury. It has been found to be a good predictor of 

postoperative AKI in patients undergoing cardiac surgery, even before serum creatinine 

elevation (Han, 2009). Sabbisetti and collegues found that elevated serum KIM-1 levels 

predicted the rate of eGFR and the risk of developing ESRD in Type 1 diabetic patients 

(Sabbisetti, 2014).  

Our Urology department investigated the expression of KIM-1 after shockwave 

lithotripsy in kidney stone patients. We demonstrated higher urinary KIM-1 levels in 

stone disease patients compared to healthy subjects, and we noted a significant increment 
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in the urinary levels hours after the lithotripsy suggesting transient renal tissue injury 

caused by the SWL (Nader, 2013). 

Some case-control studies have found elevated urinary levels of KIM-1 in patients with 

obstructive nephropathy compared to controls. Wasilewska and collegues compared 

pediatric patients with UPJO to patients with mild hydronephrosis and healthy children  

and found higher preoperative KIM-1 levels in those with UPJO, decreasing up to 75% 

three months after the pyeloplasty (Wasilewska, 2011). Another study from China, 

evaluate the expression of KIM-1 and NGAL in patients with AKI and obstructive 

nephropathy and found a good predictive value to diagnose AKI, furthermore the same 

group demonstrated that postoperative levels of these markers were predictors of renal 

function at one year measured by serum cretininea, albeit radiological information was 

missing and patients had severely impared renal function (Xie, 2014; Xue, 2014).  

1.6.2  NGAL 

Neutrophil gelatinase-associated lipocalin (NGAL, lipocalin 2) is a 178-aminoacid 

polypeptide chain which belongs to the lipocalin superfamily, and was originally isolated 

from neutrophils (Kjeldse, 1993). Different molecular forms have been described and will 

be discussed later, but several clinical studies have concluded it is a sensitive biomarker 

of AKI (Mårtensson, 2014). Most of the information regarding the origin and 

biochemical role comes from animal studies, and several theories have been created to 

explain its function after renal injury.  
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Zappitelli and collegues found urinary NGAL to be useful marker of AKI severity in 

critically-ill children (Zappitelli, 2007). Kuwabara investigated urinary and serum 

expression of NGAL in mice with obstructive nephropathy. Unilateral ureteral 

obstruction causes a 100-fold increment in NGAL synthesis in distal nephrons, which 

suggests damage to tubular epithelia (Kuwabara, 2009). Other AKI studies have 

confirmed the increased synthesis in tubular epithelia, but models of chronic injury have 

found that urinary NGAL also correlates with the eGFR.  

NGAL is not only secreted in renal tissue, it has also been isolated in hepatocytes and 

immune cells, being involved as part of the innate response against gram-negative 

bacteria. In fact, it was initially discovered in the immune response during bacterial 

infections, because it binds to siderophores for iron transport and prevents the growth of 

bacteria dependant on iron supply. Xu and collegues compared NGAL levels in patients 

during an acute bacterial or viral infection and found a positive correlation of its levels 

with a bacterial infection (Xu, 1995). Genetically modified mice lacking both NGAL 

gene copies have been found to have an increase risk in Escherichia coli infections 

(Berger, 2006), and a recent small clinical study demonstrated that pediatric patients with 

recurrent UTI have decreased urinary NGAL levels compared to patients without 

recurrent UTI (Forster, 2014). Recent studies have address the prognostic value of plasma 

NGAL (Total NGAL) as a marker of systemic inflammatory response symptoms (SIRS) 

and sepsis, it was found as a predictor of mortality and multiple organ dysfunction 

(Wang, 2015). NGAL has been evaluated after renal ischemic injury: van den Akker et al 

found that serum NGAL was a good predctor of delay graft function after kidney 

transplantation. A small prospective cohort study patients undergoing partial 
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nephrectomy failed to show postoperative urinary NGAL as a predictor factor of renal 

injury (Sprenkle, 2013; van den Akker, 2015). Whether NGAL is most specific as a 

marker of systemic inflammatoion or renal injury remains unanswered (Martensson, 

2014).  

Differences in the expression of NGAL in several clinical situations are explained by the 

presence of different molecular forms of NGAL in urine and plasma. Cai et al analyzed 

urine samples of patients after cardiac surgery, patients with UTI and in incubated HK-2 

(human kidney epithelial) cells by using Western blot analysis they determined the origin 

of the 3 molecular NGAL forms (Cai, 2009). The 21-25-kD monomer was primary 

secreted by HK-2 cells and to some extent by the activated neutrophils, and may reflect 

the severity of tubulointestitial damage (Nickolas, 2012). The 45-kD disulfide-linked 

homodimer was secreted by neuthrophils and the 135-kD heterodimeric, conjugated with 

gelatinase, also secreted by ephitelial cells, found in small quantities only (Glassford, 

2013; Nickolas, 2012).  

Their findings were supported by the discovery of elevated levels of urinary Monomeric 

NGAL in patients with AKI after cardiac surgery, while patients with UTI, exhibited an 

increased level of the dimeric form. Authors also found differences in the specificity of 

the antibody epitope of both forms, which was used to develop specific essays for each 

molecular form.  

The vast majority of published studies about NGAL include the use of essays with some 

kind of cross-reaction between the monomeric and homodimeric form. This could explain 

the differences in clinical performance of the test, and the contradictory results. 


