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Crystalluria in older people may require more attention

Cristaliiria em idosos pode demandar maior atengio

Glisia Mendes Tavares Gomes!'

ABSTRACT
Chronic kidney disease (CKD) is a major public health problem that

tends to get worse with population aging, which is inevitable, considering
that the elderly generally have comorbidities that can impact kidney
health. The objective of this study was to emphasize the importance of
observing crystalluria in geriatric patients, in addition to renal lithiasis,
the possible triggering factors of this condition, and its renal impact.
For the narrative review, related articles were searched in databases such
as PubMed, BIREME, Web of Science, and Google Scholar with the
themes: “Crystalluria in elderly people”; “Drugs induced crystalluria in
elderly people”. It can be observed that the geriatric population often
presents, concomitantly, comorbidities that may contribute to the
occurrence of crystalluria, which may be a factor to be considered among
the criteria related to kidney injury in this group. Since in addition to
encompassing already known causes of kidney damage, the elderly may
suffer the negative effect of environmental, dietary, dehydration, and
medication. Such variables can culminate in the formation of urinary
crystals, which, secondary to their deposition in the renal parenchyma,
can cause intratubular obstructive events, direct and indirect renal
lesions, and urolithiasis. It is concluded that urinary crystals may be
related to more common conditions, such as renal lithiasis, and to more
complex diagnostic episodes that require a more refined investigation, as
in crystallopathies.
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Crystalluria in older people

RESUMO

A doenga renal crénica (DRC) é um grande problema de satde publica e
isso tendease agravar com o envelhecimento populacional que éinevitdvel,
considerando que idosos, geralmente, apresentam comorbidades que
podem impactar na satide renal. O objetivo desse trabalho foi ressaltar a
importincia da observacao da cristalria em pacientes geridtricos, para
além da litiase renal, os possiveis fatores desencadeadores dessa condigao
e seu impacto renal. Para a revisdo narrativa, artigos relacionados foram
pesquisados em base de dados como PubMed, BIREME, Web of Science
e Google Académico com os temas: “Crystalluria in elderly people”; “ Drugs
induced crystalluria in elderly people”. Pode-se observar que, a populagio
geridtrica, muitas vezes apresenta, concomitantemente, comorbidades
que podem contribuir para a ocorréncia de cristaldria, podendo esta ser
um fatoraser considerado entre os critérios relacionados a lesao renal nesse
grupo. Visto que, além de englobar causas ji conhecidas de lesao renal,
idosos podem sofrer o efeito negativo de fatores ambientais, alimentares,
de desidratacao e medicamentosos. Tais varidveis podem culminar na
formagao de cristais urindrios que, secunddrios a deposi¢io destes no
parénquima renal, podem ocasionar eventos obstrutivos intratubulares,
lesGes renais diretas e indiretas e urolitiase. Conclui-se que os cristais
urindrios podem estar relacionados a quadros mais comuns, como litiases
renais, e a episédios de diagnéstico mais complexos e que requerem uma

investigagao mais aprimorada como nos casos das cristalopatias.

renal aguda;

Palavras-chave:
metabdlica; Nefrolitfase.
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INTRODUCTION

The lack of data on the prevalence of chronic kidney
disease (CKD) in Brazil, especially in geriatric patients, is
alarming, considering that the prevalence of chronic dialysis
in 2012 in individuals aged > 65 years was 31.9%".

Elderly, obese patients with metabolic syndrome have
an increased rate of urinary acidification, promoting the
formation of uric acid stones (UA)?. There is evidence that
the formation of these stones is favored by high temperatures,
which cause an increase in fluid loss through the skin, with a
consequent reduction in urinary volume and in urinary pH,
both disorders promoting UA crystallization?. Some studies
have shown that chronic diseases such as kidney disease,
chronic heart failure, and metabolic abnormalities such as
obesity and metabolic syndrome can lead to low urinary
pH*.

Substantial changes in water metabolism, primarily
related to decreased total body water, reduced osmotic thirst
stimulation, and inadequate renal function, are associated
with aging, factors that increase the risk of dehydration,
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Sindrome

especially in the most fragile elderly’. Dehydration due to
water loss or hypertonic is the most frequently found water
disturbance, having several adverse effects such as urolithiasis,
urinary tract infection, colorectal cancer, bladder cancer,
and venous thromboembolism. Furthermore, it seems to be
an underestimated event in hospitalized elderly®.

A marker of urinary supersaturation, crystalluria derives
from metabolic disorders, hereditary diseases or drugs,
and the imbalance between crystallization promoters
and inhibitors. However, as urine is an environment with
constant supersaturation of one or more crystalline species,
some authors consider evaluating urinary crystals an
unnecessary test’.

However, opposing the idea that the evaluation of
urinary crystals is unnecessary, evaluations of repeated urine
samples for crystalluria show that certain characteristics of
the crystals (larger, aggregated crystals) are strongly related
to the occurrence of calculus. In addition, a recent study
evaluating 188 patients with more than 3 years of follow-
up with multiple collections of urine samples demonstrated
that having 50% or more urine samples with crystals was
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predictive of stone recurrence with a sensitivity of 88% and
an 84% specificity®.

Thus, analyzing some aspects that raise questions about
the importance of this finding is the objective of this work.

METHODS

Searches were carried out in databases such as PubMed,
BIREME, Web of Science, and Google Scholar with the
themes Crystalluria in elderly people; Drugs induced
crystalluria in elderly people. Searches were carried out
from April 2021 to June 2022. Due to the small volume
of articles available in the databases on crystalluria in the
elderly and drugs that induce crystalluria in the elderly,
related terms were also searched for, the elderly (sarcopenia)
and crystalluria (dehydration and urinary tract infection),
and 180 articles were found. Articles that contained some
correlation with crystalluria in the elderly and possible
associated factors were chosen, resulting in a total of 34
works. The excluded articles were not related to the central
terms for the elaboration of this work.

CRYSTALLURIA, KIDNEY DAMAGE, AND AGGRAVATING
FACTORS

Regarding the pathogenesis of crystal-associated renal
injury, this exhibits intrarenal deposition, which occurs
mainly due to the high concentration of ions and molecules
that cross the tubules, increasing the likelihood of substrate
supersaturation and crystal nucleation. Even if precipitated
out, the crystals are deposited in the kidneys due to innate
characteristics and can lead to tubular obstruction and direct
and indirect renal damage’.

Pietro et al. (2019)", in a cohort of overweight or
obese older adults with metabolic syndrome, had a higher
prevalence of lithogenic urine.'” Urinary calculi are always
preceded by crystalluria, although the occurrence of
crystalluria will not necessarily result in renal lithiasis.
However, studies have proposed crystalluria as a factor for
the disorder, leading into account the hypothesis that the
recurrence of crystals in the urine may reflect the propensity
to form stones, with potential clinical relevance in
association with the nature of urinary acidity or alkalinity''.
Older individuals often have atypical calculi or no pain, and
the increased prevalence may be confounded, in part, by the
greater use of abdominal imaging?.

Unlike developed countries, in the tropics, AKI
is underestimated due to the lack of centralization of
these data, and the pattern and incidence differ between
countries. Furthermore, such numbers seem to be just the
tip of the iceberg. Furthermore, infections and exposure to
nephrotoxins remain the main cause despite the etiological
variations. In acute kidney injury (AKI), the mechanism
induced by nephrotoxins induces a direct toxic effect on
the renal tubules, with precipitation of substances such as
oxalic acid (crystalluria) and intratubular obstruction'.
The elderly are particularly more sensitive to the action of
nephrotoxins®.

The geriatric population is one of the fastest growing
in many parts of the world, and although age is not a
disease, physiological changes can be aggravated by special
situations such as perioperative periods, bleeding, or medical
complications. On the other hand, the increased incidence
and considerable recurrence, with serious consequences
for renal function, make urolithiasis a medical and
surgical problem requiring prompt diagnosis and adequate
management of the elderly population. Older patients, in
previous studies, had more comorbidities than younger
individuals. Metabolic syndrome, for example, seems more
common among the elderly, having been linked in some
studies with the formation of stones. Diabetes mellitus is
also another aggravating factor in the formation of stones
and, together with cardiovascular diseases, are among the
most frequent comorbidities in this population'.

Even though crystalluria also positively correlates with
age, body mass index, duration of diabetes, and urinary
specific gravity, this is not significant. However, the presence
of crystals in the urine showed a significant correlation with
fasting glucose; the higher the blood glucose levels, the
greater the number of crystals observed, and vice versa®.
Chao et al. (2020)', emphasize that, despite all the known
complications of diabetes, it has recently been reported
that this is also an important risk for the development of
urolithiasis. The relationship between diabetes and the
increased risk for calculi has been previously attributed to
the acidification of the urine related to insulin resistance,
hypercalciuria induced by high levels of insulin, followed
by an exaggerated carbohydrate diet, the coexistence of
morbidities (e.g.: SAH or hyperuricemia) and high-sodium
diets'. In a study carried out with an elderly population
in Rio Branco, Acre, diabetes had the highest prevalence,
41.5% and metabolic syndrome was present in 30.3% of
subjects classified as having CKD".

CRYSTALLURIA AND OBSTRUCTIVE NEPHROPATHY

In the last decade, recent data have shown an increase in
the rate of older people with AKI requiring hospitalization.
Some factors are known to predispose to AKI in the elderly,
including exposure to nephrotoxic drugs'®, reaching a rate
of up to 66%". Drug-induced AKI exhibits four different
phenotypes representing distinct clinical and pathological
characteristics presentations: acute kidney injury, glomerular
disorder, tubular disorders, or nephrolithiasis/crystalluria.
Each phenotype shows a change in its biomarkers; serum
creatinine (acutekidneyinjury), proteinuriaand/orhematuria
(glomerular injury), electrolyte abnormalities (tubular
disorders), and sonographic findings (nephrolithiasis)®. A
fact to be highlighted is that drug precipitation can range
from isolated, asymptomatic crystalluria to obstructive
calculi. Renal ultrasound or computed tomography may
not be the best diagnostic method for detecting crystals or a
microscopic tubular obstruction'®.

As predicted, HIV-infected adults on successful
antiretroviral (ARV) therapy have near-normal life
expectancies and are increasingly subject to age-related
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comorbidities’’. This reduction in the mortality rate has
been accompanied by an increase in other related diseases,
such as CKD, which is increasingly common among HIV-
infected patients and can occur at any stage of the disease,
even before seroconversion.

AKI may result from urinary obstruction and, among
the causes, include nephrolithiasis and crystalluria induced
by drugs. Although its use has been reduced in developed
countries, due to its high potential for crystalluria (67%)
and kidney stones (3%), Indinavir has been used in other
countries with few resources. Among the risks of urinary
crystals, we can also mention high drug administration and
co-administration of another nephrotoxic drug. The presence
of crystalluria may point to potential nephrotoxicity,
although its evaluation to predict the development of
chronic kidney disease (CKD) has not yet been tested?.

Another  important  type of  crystallopathies,
atheroembolic renal disease (AERD), is a multisystemic
complication that involves several organs such as the
kidneys, skin, gastrointestinal tract, eyes, muscles, central
nervous system, and extremities. They can be iatrogenic events
secondary to surgical or invasive endovascular manipulation;
however, they can also result from spontaneous episodes.
Autopsy studies indicated that the kidneys were involved in
74% of AERD cases, making it a common cause of renal failure
in adults over 60 years of age and advanced atherosclerosis*.

In a study by Chévez-Iniguez et al. (2020)%, in patients
with acute kidney injury due to obstructive nephropathy,
those treated in an emergency setting had twice the incidence
rate of AKI concerning what received elective treatments; in
addition, they were older, male, had more severe AKI and
their probability of death within 30 days was three times
higher and renal recovery was less frequent®.

The presence of AKI in critically ill patients is common,
especially in the presence of sepsis. Although with different
pathophysiology, it is possible to distinguish septic AKI
from Ischemic or toxic AKI, showing a worse prognosis
for the former than the latter. Although previous literature
has raised interest in urinary microscopy to predict or
detect AKI in critically ill patients, none has described
urinary crystals. However, crystals may favor renal damage
through an intratubular obstruction or reflect disturbed
renal metabolism in the early stages, which leads to poor
urine solubility and extreme urinary pH values. Aiming to
evaluate the prevalence and determinants of urinary crystals
among 103 critically ill patients admitted to the surgical
Intensive Care Unit, the study by Tabibzadeh et al. (2021)*
found the following characteristics in this group: the median
age of 57 (45-69), 34% of patients had sepsis and 43% had a
brain injury. Of these patients, 7% had CKD, and 39% had
AKI. In urine sent for microscopy, crystalluria was observed
in 53 (51%) patients, with the majority of uric acid crystals
(51%) and calcium oxalate crystals present in 12 (23%) of
the patients. It is important to highlight that osmolality
and creatinine levels were not significantly higher in these
patients, suggesting that the presence of crystals was not
directly related to urinary concentration®.
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Demotier et al. (2022)¥, emphasize the benefits
of investigating, for example, amoxicillin crystalluria
in patients receiving high intravenous dosages of the
drug, as the phenomenon is frequent in 1/4 of patients
and that it seems to be associated with angiotensin-
converting enzyme inhibitors and the decrease in urinary
pH, with the occurrence of both factors being the main
predictor of the development of in-hospital AKI. In
the univariate analysis, the factors associated with the
presence of amoxicillin crystalluria were the presence
of hematuria in the cytobacteriological examination,
acidification of the urinary pH, advanced age, and the use
of angiotensin-converting enzyme inhibitors. Hematuria
seems to be caused by more than one consequence, such
as tubular damage and medullary congestion, secondary
to the precipitation of intrarenal crystals?’. Garnier et al.
(2020), report that crystalline nephropathy induced by
amoxicillin may be underestimated in patients treated
with high doses; in addition, data suggest that the
prognosis may be less favorable than previously thought,
recommending careful monitoring of the renal function
of patients exposed to these conditions, even considering
an early change to another class of antibiotics®.

Foscarnet s the standard treatment in cytomegalovirus
infections, resistant to ganciclovir, and in cases where
its administration is not possible. Some reports of renal
crystal damage from Foscarnet use involve, for example,
tubulointerstitial damage. However, crystal deposition
in tubular cells or lumens and glomerular capillaries
has been reported repeatedly, suggesting that a form
of nephropathy crystalline may be another mechanism
causing kidney damage. Of the 6 drug-treated study
patients, 5 developed kidney disease, and 4 were aged
> 63%.

The literature has also described cases of AKI,
such as tubulointerstitial nephritis secondary to the
administration of ciprofloxacin. However, even though
crystalluria is a rare event related to this drug, the elderly
patient in the cited case report developed an oliguric
AKI 48 hours after oral and intravenous administration
of ciprofloxacin, treatment to overcome an infectious
process installed, with its sediment urine exhibited star-
shaped, birefringent crystals under polarized light, with
high suspicion of ciprofloxacin crystals®.

A 66-year-old patient from another case report
had a history of urolithiasis due to calcium oxalate
crystals, with afebrile back pain associated with dysuria
and milky urine. Urinalysis findings: pH: 7.5; specific
gravity: 1.010; 20 to 30 leukocytes per high power field
and numerous crystals of triple magnesium phosphate,
these crystals representing 10 to 15% of renal lithiasis.
The conversion of excess urea by bacterial urease (in this
case, Pseudomonas aeruginosa) into ammonia alkalizes
the urine and promotes the crystallization of magnesium
ammonium phosphate, insoluble in alkaline urine. Such
crystals can block the urethra and warrant investigation
for stones. However, this was not the case for this patient,
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who had clear and symptomatic crystalluria but without
calculus®'.

A study involving crystalluria in patients with active
lithiasis based its methodology on criteria such as stone
composition, serum uric acid level, serum calcium level,
urinalysis results (including urinary pH, hematuria, and
leukocyturia), and demographic data that included age,
body mass index (BMI) and gender. There was an association
between active cases of urolithiasis and parameters related
to the type of crystal found, urine pH, and patient
characteristics such as age and BMI. The likelihood of uric
acid crystals decreased as the patient’s age decreased, while
the likelihood of calcium oxalate crystals increased. The
neural network model demonstrated that, although there
was a greater presence of calcium oxalate crystals, there was
a greater possibility of uric acid stones®.

Throughout life, epidemiological evidence on the
prevalence and incidence of urolithiasis seems to vary
geographically. However, this disorder is known to be
associated with ethnicity, lifestyle problems (dietary
pattern, fluid intake, sedentary lifestyle), comorbidity
status, and age; recent data have indicated an increasing
incidence of urolithiasis, probably explained by the
increase in the geriatric population®.

REesurts AND DiIscUSSION

Dehydrated elderly, assisted in emergencies and referred
for hospitalization, usually have serious illnesses, high
mortality rates, and a higher risk of functional impairment
after discharge®.

Furthermore, the literature has corroborated the wide
variation in the prevalence and incidence of urolithiasis.
In more fragile individuals, especially older ones, diabetes
mellitus itself predisposes to fluid loss by osmotic diuresis,
increasing the risk of dehydration'.

Another important factor to note is that, due
to sarcopenia, older adults are often encouraged to
increase their intake of dietary products rich in animal
protein, which increases the risk of hyperoxaluria and
hypercalciuria®.

Even though the urine harbors urinary sediment with
normal crystals, in some pathological conditions, the
alteration and sudden change from normal to abnormal
crystals showed the pathogenesis, stage, and severity of the
kidney problem'!.

In addition to easy sample collection, urinalysis is a
cost-effective screening tool. A well-executed analysis of
the urinary sediment can indicate the conditions of the
lower urinary tract and nephrons. Furthermore, although
automation has reduced time and costs in carrying out
urinary sedimentoscopy, this methodology still has
limitations in diagnosing several kidney diseases, such
as ATN, glomerulonephritis, vasculitis, and crystalline
nephropathy®.

Much more than a simple marker of severity, AKI is
a complex syndrome that affects all systems and can lead
to multiple organ failure. Obstructive nephropathy is a
frequent cause of AKI, being related to 5 to 10% of all
AKI cases; however, among the elderly, this percentage
can reach 22% of cases®. Intratubular crystal deposition
has been thought to be the primary cause of AKI due to
urinary obstruction (obstruction of the tubular lumens),
and the frequent observation of acute tubular injury in
biopsies may play a contributory role in AKI’.

CONCLUSION

Because of the imminent aging of the world
population, aggravated by the repercussions of this
reality for public health, it is of the utmost importance
to explore all possibilities for screening, diagnosis, and
follow-up related to this population, paying attention
to the impact factors, in most cases, negative, such as
environmental, social, economic, nutritional, cultural
and political ones in the lives of these individuals, which
have profound consequences, mainly on kidney health,
including the formation of crystalluria and possible
crystallopathies. Accurate laboratory diagnostic support
plays an enormous role in this process, helping the
physician and the prognosis of this patient.

There is an urgent need for a healthcare structure
that adapts to all these possibilities and fights against
weaknesses, to reduce the effect of this serious, silent,
and gradual disorder, which is renal failure, in the
personal, family, and social life of the elderly.
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