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Abstract

The current article aims to assist in understanding the importance of urinalysis, more specifically, urinary sediment examination, in the diagnosis and monitoring of
kidney injuries, its particularities and, especially, its most relevant characteristics: sample which is easy to obtain, low execution cost and diagnostic utility. In view of
the panorama of the increase in kidney diseases in recent decades, the application of this analytical tool has been of paramount importance, which, when performed
well, both in laboratory and clinic, can bring great benefits to patients who use it, being these people in a risk group for chronic kidney diseases or not. The databases

used for search were- PubMed, Scielo and Web of Science.

Introduction

Among the diseases that represent a major public health problem
are the different types of kidney disorders that affect about 850 million
people around the world [1,2]. It is believed that until 2040, chronic
kidney disease (CKD) will be the fifth disease in numbers of death [2,3].

CKDs can be understood as structural and functional abnormalities
of the kidneys [4] for three months or more with repercussions on the
general condition of the patient, with the possibility of progression to
the final stage of renal failure [5].

It is well-known that there are risk groups for the development of
CKD, among which we can highlight high blood pressure (35%) and
diabetic (29%) patients [5,6]. Obesity increases the risk of developing
chronic diseases and is associated with premature mortality. Followed by
the increase in the prevalence of obesity, there was also an increase in the
prevalence of arterial high blood pressure, diabetes, and cardiovascular
disease, factors associated with renal failure development [7-11].

It is also important to highlight that drug nephrotoxicity is the
third leading cause of acute kidney injury (AKI) [12], considering that
individuals who survive an episode of AKI are at risk of developing
chronic kidney disease. In addition, the mechanism that causes AKI to
progress to CKD is not fully understood [13].

Often underdiagnosed, chronic kidney disease has an inaccurate
prevalence, which may vary according to the population studied
and the method used for its diagnosis [14]. Tuot, et al. [15], mention
multifactorial issues that compromise the awareness of renal patients.
Among them, the lack of an adequate approach for patients with CKD,
regarding their real situation.

Nowadays, the use of increased serum creatinine as a diagnostic
criterion for acute kidney injury has limitations. Therefore, urine
sediment analysis can be considered a good biomarker for the
evaluation of distinction between prerenal (functional) AKI and renal
(intrinsic) AKI [16,17].
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Urine testing is emphasized as an excellent biomarker of kidney
disease. We highlight the important contribution of the centrifuged
urine test, evaluated by an experienced nephrologist, as a tool in the
diagnosis and management of many conditions that affect the kidneys
[18-28]. However, studies indicate low sensitivity and high specificity
(22% and 91%, respectively) of the urinary sediment test [17,29,30].

Higuchi, et al. [29], mention the importance of identification
of urinary cellular casts in patients with acute kidney injury and
heart failure, considering that the pathophysiology of renal failure,
in patients with acute heart failure, is still insufficiently understood.
Possible mechanisms include over-activation of the renin-angiotensin-
aldosterone system (RAAS), which can damage the kidneys via renal
vasoconstriction, causing impairment of tubular epithelial cells.

Jing, et al. [31], also point out that the formation of urine, for
being dependent on glomerular filtration and on the secretion and
reabsorption of renal tubules and collecting ducts, has in the nephron,
as a structural and functional unit of the kidney, all parts involved in
the composition of the excrete. Therefore, urine can directly reflect the
function and state of the urinary system.

In view of diverse evidence of how CKD is a major public health
problem and how the search for effective biomarkers must be improved,
urinalysis can play an important role in the diagnostic routine. However,
even though urine testing has been the gold standard in laboratories for
decades, the pre-analytical phase varies slightly between laboratories
and there is no reference method for examining urinary sediment. In
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addition, there is a wide variation in inter- and intra-observer analyses
[21,22,25,32].

The purpose of this article is to highlight urinalysis as a diagnostic
tool which would be accessible to everyone, as well as some correlations
of findings in the assessment of routine urinary sediment examination,
which can assist in the diagnosis of kidney injuries, that can often cause
chronic diseases with asymptomatic evolution.

Urinalysis and risk groups for kidney disease

Cardiovascular diseases and chronic renal failure followed by
hemodialysis not only burden health services, but also threaten life.
Patients with diabetes and high blood pressure present an increased
risk of chronic kidney disease. Urinalysis is a safe, easy, and cheap
diagnostic tool and certainly useful for the differential diagnosis of
acute kidney injury and chronic kidney disease [33].

Dysmorphic red blood cells related to glomerular involvement
in type 2 diabetic patients have shown greater diagnostic utility than
in type 1 diabetics, regarding the distinction distinguishing between
diabetic nephropathy and the so-called non-diabetic kidney disease
(NDRD), with NDRD presenting as the main pathological types, IgA
nephropathy and membranous nephropathy [21,34-36].

In malignant hypertension, we can observe the presence of
macroscopic hematuria, which can be mistaken as primary or
secondary glomerulopathy. However, the rapid resolution of the kidney
problem in cases of malignant hypertension with pressure control does
not have the same efficiency in severe glomerulopathy, in which the
patient generally does not have malignant high blood pressure and the
kidney problem is not solved as fast [37].

Dysmorphic erythrocytes, cell casts, proteinuria, elevated creatinine
level, or high blood pressure in the presence of microscopic hematuria
should lead to suspicion about renal etiologies such as Immunoglobulin
A nephropathy, Alports syndrome, benign familial hematuria, or
another nephropathy [10,38].

Another relevant factor to highlight is the induction of nephropathy
by crystalline aggregates. Patients with metabolic syndrome or type
2 diabetes may experience a defect in renal ammoniagenesis and
consequent formation of dehydrated crystals of uric acid [39]. In
addition, nephrolithiasis is a risk factor for high blood pressure [40,41].

Various systemic diseases such as diabetes, high blood pressure,
lupus, among others, can damage the kidneys, making continuous
monitoring of these patients necessary. Renal biopsy is an invasive
procedure, not being the most appropriate intervention for monitoring
these individuals. The process can be facilitated by the analysis of
urinary sediment [16].

Urinary sediment in kidney disease

Mucus: The presence of mucus in the urine is considered normal.
However, it may be increased in inflammatory and irritating situations
of the urinary tract [42,43]. The formation of crystals due to urinary
supersaturation can cause kidney injury and increased production of
urinary mucus may be a risk factor for urolithiasis [44,45].

Crystalluria: A substantial number of kidney diseases involve
crystalline microparticles that contribute to mechanisms of mechanical
obstruction, local intrarenal inflammation and tissue injury [46]. Renal
stones are generally formed by calcium oxalate in about 80% of cases.
Crystals in regular or stone-afflicted patients often differ according to
each individual regarding shape, size and phase of the crystal due to

Nephrol Renal Dis, 2020 doi: 10.15761/NRD.1000171

hyper saturation of lithogenic salts, urinary pH value and content of
inhibitors and promoters [47].

A prevalence of nephrolithiasis has been reported to be 79% higher
in high blood pressure individuals than in normotensive individuals [48].

Some studies also correlate the occurrence of kidney stones
and bacterial infections of the urinary tract [49], the mechanism is
supported by the discovery that certain bacteria have a propensity to
bind to certain types of crystals, but not to others, and are also associated
with an increase of crystal-crystal agglomerations. Another known
mechanism is the production citrate lyase by bacteria, which could
cause reduction in citrate levels in the urine, leading to supersaturation
and crystal formation [50].

The development of crystals in the urinary tract can also be induced
by drugs and become a risk factor for urolithiasis and other pathologies.
The action of these drugs can occur by indirect mechanisms, favoring
metabolic changes characterized by an increase in the concentration
of crystallization promoters such as hypercalciuria, hyperuricosuria
and hyperoxaluria or direct, when the drug itself or its metabolites-
administered in high doses and eliminated in the urine with solubility
low-precipitate, forming crystals [23].

The great importance of assessing the presence of crystals in the
urinary sediment is related to the possible occurrence of nephrolithiasis,
considering that from 5 to 10% of the world population can be
affected, with a higher frequency in men than in women: 13% and 7%,
respectively [51,52].

The mechanism for the formation of kidney stones remains
unknown. However, some studies report the binding of monohydrate
CaOx crystals (COM) to the apical surface of renal tubule epithelial
cells, usually mediated by the interaction of cell crystals and microvilli,
which triggers various cellular responses within these cells, including
the production of reactive oxygen species (ROS), stimulating the
production of signaling molecules, destruction and transformation
of intracellular organelles, causing, in addition to renal injury, the
intrarenal retention of these crystals and, finally, nephrolithiasis [53].

The identification and quantification of cells, cylinders and crystals
present in the centrifuged urine sediment, allow the clinician to
synthesize all the data and build a rational diagnosis. Regarding crystal-
induced nephropathy, this is particularly true [54].

The monitoring of hereditary or acquired diseases, associated with
the formation of urinary stones or acute or chronic impairment of renal
function, due to the precipitation of intrarenal crystals, has a good
biomarker in the observation of crystalluria [55].

Hematuria: Hematurias are common findings in routine urine tests
and are not always sign of disease and can be classified as symptomatic,
asymptomatic, transient or persistent and, depending on their location,
into glomerular, nephrological or non-glomerular, urological origin
[56,57]. Benign hematurias can be caused by urinary infection,
benign prostatic hyperplasia, and kidney stones. Whereas malignant
hematurias can be caused by neoplasms in bladder, kidney and prostate.
In most cases (43-68%), the etiology is unknown.

It is defined as the presence of 3 or more red blood cells per high-
power microscopic field [20,57-60], with erythrocyte dysmorphism
being established as the presence of 40% or more erythrocytes with
morphological changes [61]. However, Hamadah, et al. [24], define
glomerular disease as the presence of erythrocyte dysmorphism > 25%
of erythrocytes evaluated in between 10 to 12 per high-power field.
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Bolenz, et al. [58], emphasize the great sensitivity of the reagent
strips, but draw attention to the need for microscopy, given the
possibility of a false-negative result due to the ingestion of high doses
of vitamin C [62]. Assessing the pH and urinary osmolarity is also
extremely important, given that they can interfere with the size and
shape of red blood cells [18].

Glomerular hemorrhage is classically characterized by the presence
of proteinuria and red blood cell casts (RBC casts). However, not all
patients with glomerulonephritis have such changes. Urinary sediment
examination has been of great help in this respect due to the assessment
of the erythrocyte morphology, indicating with greater precision the
location of the bleeding, glomerular or non-glomerular [56].

Dysmorphic red blood cells have been associated with glomerular
diseases. The observation of these red blood cells through phase
microscopy is a methodology known to be superior to bright-field
microscopy, according to some authors [21,24,56,63,64]. However,
other researchers recognize the possibility of visualizing dysmorphic
red blood cells through bright-field microscopy. Barros Silva, et al. [61],
carried out a study, where they suggest reducing the condenser lens for
better observation of these erythrocytes and other authors corroborate
this observation of erythrocyte dysmorphism [18,58,65].

Another characteristic highlighted by some authors is that the
dysmorphic red blood cell presents, mainly, the shape of a “donut” with
protrusions [22,24,61] (Figures 1 and 2).

Although hematuria is a common finding, there is no internationally
accepted standardization or an evidence-based algorithm for its
diagnostic evaluation. Therefore, all potential causes of hematuria and
associated risk factors must be considered in order to identify or control
an underlying disease that requires treatment [58,66].

Cylindruria: Cylinders, which are important constituents of
urinary sediment, may be associated with several renal disorders whose
diagnosis may depend on the correct identification of these elements.
These intratubular renal structures form part of the renal physiology, as
a result of glomerulonephritis or because of systemic diseases [67,68].

They can be classified, based on their morphology, into: hyaline,
granular, waxy, adipose, cellular (hematic, leukocyte, epithelial),
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Figures 1. Red arrows: Dysmorphic red blood cells in the form of a “donut”, glomerular
lesion. High power field (bright field microscopy)
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Figures 2. Red arrows: Dysmorphic red blood cells in the form of a “donut”, glomerular
lesion. Yellow arrow: hyaline-granular cast. High power field (bright field microscopy)

containing crystals, pigments and mixed [67,69]. While performing the
microscopy, we ideally include the coverslip edges as part of the fields of
view, as cylinders usually accumulate in these regions [18].

Schentag, et al. [70], observed an increased elimination of cylinders
in patients using aminoglycosides, also emphasizing the importance of
monitoring these patients by examining urinary sediment. In addition to
reflux nephropathy, which presents large uromodulin cylinders, several
other diseases exhibit different tubular cylinders, including myeloma
nephropathy; crystalline nephropathy caused by drugs, phosphate,
oxalate and inherited metabolic diseases; nephropathies associated with
anticoagulants; bile cylinder nephropathy and rhabdomyolysis [71].

Characterized by a significant interstitial inflammatory response,
the interstitial nephritis, acute onset renal dysfunction is a known
risk, deriving from the use of several drugs [72], (Figures 3 and 4). A
worsening of the renal function of patients with chronic kidney disease
was observed, as well as in patients without underlying kidney disease,
by the use of anticoagulants, visualizing the presence of RBC casts.
Thus, anticoagulant-related nephropathy (ARN) is an increasingly
recognized entity today, mainly through anticoagulation with warfarin
[73-76].

Kanbay, et al. [77], report that the presence and number of renal
tubule cells, renal tubule cell cylinders and/or granular cylinders in the
urine sediment can assist in the diagnosis of acute tubular necrosis,
and may also be useful to predict a more severe kidney damage, a
consequence of an unsatisfactory recovery from an acute kidney injury
and the need for dialysis [33]. Renal biopsies have demonstrated the
presence of medication cylinders in patients with HIV and also in the
use of the antibiotic, Vancomycin [78,79].

The relevance of this diagnostic tool could also be seen in cases of
renal impairment by Covid-19. The first inference about the correlation
between SARS and the kidneys was made after the 2003 epidemic.
For the first time the transmembrane protein ACE2, expressed on the
surface of several cells in our body, was identified as a viral receptor. In
the kidneys, the protein is expressed in podocytes, the mesangial cell,
parietal epithelium of Bowman’s capsule, microvilli (“brush border”)
and collecting tubes [80].
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Common causes of AIN
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Figure 3. Most common causes of Acute Interstitial Nephritis (AIN) [72,87]
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Figure 4. Three drugs most related to Acute Interstitial Nephritis (AIN) [72,88]

Hernandez-Arroyo, et al. [81], conducted a study by evaluating
urinary sediment examination in patients with AKI associated with
Covid-19 and found waxy casts in 50% of patients. The data indicated
ischemic or toxic acute tubular necrosis (ATN). However, there were
many misleading factors, such as the exposure of these patients to
antibiotics, high blood pressure, proteinuria in the nephrotic range
and pyuria or hematuria, reported by the hospital laboratory. However,
despite these factors, the study strongly suggests that ATN is the
primary form of AKI in Covid-19.

Two hundred and twenty-six patients with Covid-19 admitted to
an Italian hospital were evaluated. Pyuria was found in 184 (81.4%),
70.4% had hematuria, 49.1% presented cylinders and 31.9%, hyaline-
granular casts. It can be inferred from the retrospective study that
renal involvement can be a significant predictor of unfavorable disease
progression. The study also highlights the importance of regular
urinalysis in patients with Covid-19, in view of the analysis offering
important information for clinical management and risk prediction [82].

Renal epithelial cells: A healthy kidney is a relatively stable organ
with little basal cell turnover. However, these cells are constantly
replaced to preserve the structural and functional integrity of the
kidneys. Such a mechanism may be relevant in situations of kidney
injury, when there is need for cell replacement that is exceeded by the
turnover of base cells [83].

Although different types of cells line each segment of the renal
tubules, in urinary sediment they are hardly differentiated by
morphology. Classification is restricted to erythrocytes, leukocytes,
squamous and non-squamous epithelial cells [33].
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Andersen, et al. [84], present a few case studies and highlight the
importance of urine findings when patients are admitted. An acute
tubular necrosis and acute renal failure can be evaluated, once the
presence of renal tubular epithelial cells is observed, resulting from
ischemic and/or nephrotoxic processes. In the sediment, renal damage
can be detected before the considerable increase in creatinine figures
and other blood variables.

Therefore, urinary sediment examination, based on the score
of abnormal elements (granular cylinders, cells of the renal tubular
epithelium), showed a sensitivity of 76% and a specificity of 86% in
the prediction of the severity of renal damage, which is significantly
associated with the increased risk of worsening acute kidney injury, due
to chronic diseases such as diabetes and high blood pressure [16].

Discussion

The manual assessment of urinary sediment examination is still
considered the gold standard. However, the growing demand in the
number of samples to be analyzed in a shorter time, make way for
automation and has rapidly falling out of favour among clinicians
[85]. Manual analysis offers substantial information that are not
contemplated in the automated essay, specially in the context of kidney
injury, hematuria and nephrolithiasis [22].

The importance of accurately observing urinary cell morphology,
identifying cell and acellular cylinders, recognizing various endogenous
and drug-related crystals allow for a quick diagnosis of acute or chronic
kidney disease. Renal tubular cells and “muddy brown” granular casts
indicate ischemic and/or nephrotoxic tubular injury. Dysmorphic
erythrocytes and RBC casts, as well as proteinuria and glomerular
lesions. Pyuria with negative culture, renal tubule cells, leukocyte
cylinders and granular cylinders suggest acute tubulointerstitial disease
[18,25,26,54,84,86].

Therefore, the lack in the reports of a description of dysmorphic red
blood cells, inaccurate cell counts of the renal tubular epithelium and
granular cylinders, by clinical analysis laboratories, are analytical gaps
criticized by nephrologists [65].

Urinary microscopy is not as widely used as it should be, to
the point that some laboratories do not offer the exam. Studies on
urinary morphology reveal a great potential for improvement among
doctors and clinical laboratory professionals, to meet the minimum
requirements of the guidelines related to basic knowledge of urinary
morphology [65,84].

Conclusion

We cannot ignore the importance of a well-performed sediment
examination that will assist the physician in the early diagnosis of an
often-silent kidney injury. Therefore, the more accurate the information
is, the more advantageous the examination and the evolutionary follow-
up of this patient will be.

A more comprehensive standardization of the requirements
and guidelines for performing the routine urinalysis is welcome and
necessary, as well as refresher courses, mainly related to sediment
examination, due to the number of possible information derived from
urinary microscopy.

We are aware of the growing increase in kidney disease in recent
decades, which is already a major public health problem, and, while we
recognize limitations in cutting-edge technology to serve the majority
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of the population, we have a cheap, and effective exam that, when done
well, is a “kidney portrait”. Therefore, we have the urgent need to “make
urine great again” [22].
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