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Objective: The objective of this study was to investigate the impact of kidney
stones (KSs) on critically ill older adults (CIOA) staying longer than 24 hours in the
ICU. Sepsis is one of the leading causes of mortality for ICU patients. KS disease is a
well-known risk factor for bacteriuria and urinary tract infection.

Methods: A total of 256 CIOA were initially evaluated from April 2017 through
February 2019. Patients who had urinary ultrasonography and computed tomography
within 12 months prior to ICU admission were included. Patients with an additional
urological pathology, under the age of 65 years, and with ICU stays of 24 hours or less
were excluded. Consequently, 151 patients were eligible and constituted the study
group. These patients were divided into 2 subgroups, according to the presence or
absence of KSs. These 2 groups were compared with regard to urine culture (UC)
results, presence of urosepsis, and septic shock.

Results: The mean age was 80.66 (+7.76) years. There were 18 patients with KSs
and 133 without KSs. A total of 71 patients had a positive UC. Repeat UC positivity (p
=0.002) and resistant microorganisms (p = 0.034) were significantly more frequentin
the KS group. The incidences of both urosepsis (p<0.001) and septic shock (p<0.001)
were also significantly higher in patients with KSs.

Conclusion: The presence of KSs in CIOA is frequently associated with urosepsis
and septic shock. Large prospective trials are required to evaluate the impact of KSs
on the prognosis of patients in the ICU. [P R Health Sci J 2021;40:33-37]
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idney stones (KSs) are one of the most prominent
Kdisorders among urinary diseases (1,2). The prevalence
and recurrence rates of KSs have been increasing
significantly over the last few decades (3). It has been reported
that 10 to 12% of the general population have a urinary stone
in their lifetime (4,5). Moreover, a recent study reported that
the overall prevalence peaked at 19.4% in 60- to 69-year-old
adults (6). It was also proposed that the incidence of these
stones is rising more quickly in older adults (7,8). Pain is
the major symptom in urinary tract stone disease. Whereas
many patients with KS have no symptoms. Also, follow-up is a
reasonable option for certain patients without symptoms and
urinary obstruction (2,4,8). On the other hand, the presence
of KSs is a well-known risk for bacteriuria and urinary tract
infection (UTL) (9). Moreover, the causative pathogen of sepsis
is identified by stone culture but not by urine culture (UC),
in certain cases (9). Therefore, the detection of KSs may be
a prognostic factor for sepsis for patients in the intensive care
unit (ICU).
It is a well-known fact that patients admitted to the ICU
already have a tendency to develop infections. Most patients

admitted to ICUs require an indwelling urinary catheter
to monitor urinary output. Catheter-associated UTIs are
among the most common healthcare-associated infections
(10). Approximately 16% of critically ill patients experienced
urosepsis during their ICU stay (11,12). Older adults
(typically defined as individuals 6S years of age and older)
are ata higherrisk of infection due to age-related changes, and
consequently, UTIs are highly prevalent in older adults (13).
There is also a significant relationship between nosocomial
infections in critically ill older adults (CIOA) and prolonged
length of stay (LOS) with increased morbidity and mortality
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(14). However, there are no conclusive data on the significance
of KSs as a risk factor for sepsis in CIOA whose LOSs exceed
24 hours.

The objective of this study was to address the impact of KSs
on the development of sepsis in CIOA.

Materials and Methods

Study population

A total of 256 patients, hospitalized from April 2017 through
February 2019 in a tertiary reference hospital, were initially
evaluated in the study; all the patients had ICU stays of 24 hours
or longer. The study was performed in accordance with the
Helsinki Declaration and approved by the local ethical committee
(approved protocol number: 2019/09). The hospital records
of all these patients were reviewed retrospectively. Patients
who had both urinary ultrasonography (US) and computed
tomography (CT) performed in the last 12 months were
included in the study. The exclusion criteria excluded patients
who had an additional urological pathology (ureter or bladder
stone, hydronephrosis, upper urinary tract obstruction, atrophic
kidney, known urological malignancy, known neurogenic bladder
dysfunction), were under the age of 65 years, and had an ICU
stay of 24 hours or less. All the patients included in this study
had urinary catheters during their ICU stays.

Each patient’s demographics (age, sex), primary diagnosis
at ICU admission (acute respiratory failure, acute renal failure,
sepsis, acute neurological disorders, trauma), UC results, and
repeat positive UC results during his or her ICU stay were
recorded; also noted for all the patients were the microorganisms
responsible for UTIs (when present), the presence of resistant
microorganisms (extended spectrum p-lactamase-producing
Klebsiella pneumoniae and E coli, carbapenem-resistant
Enterobacteriaceae, multidrug-resistant Pseudomonas aeruginosa,
and multidrug-resistant Acinetobacter baumannii), mortality
rates, and ICU LOSs. In addition, US and abdominal CT
records of the patients in the year prior to ICU admission or
during the ICU stay were re-investigated for the presence of
KSs. The date, localization, and size of each patient’s KS were
also recorded. Sepsis and septic shock were evaluated according
to the third international consensus definitions for sepsis and
septic shock (sepsis-3) (15). Accordingly, sepsis is defined as a
life-threatening organ dysfunction caused by a deregulated host
response to infection. Organ dysfunction can be identified as an
acute change (>2 points) in the total sepsis-related organ failure
(caused by infection) assessment score and septic shock (defined
as hypotension requiring the use of vasopressors to maintain a
mean arterial pressure greater than or equal to 65 mm Hg), as
well as having serum lactate levels higher than 2 mmol/L, despite
adequate volume resuscitation.

The included patients were then divided into 2 groups,
according to the presence or absence of KS disease. We analyzed
the effect of KSs on the UTTs, urinary tract—originated sepsis,
and septic shock in these groups.
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Statistical analysis

The statistical analysis was performed using SPSS version 20.0
(SPSSInc. Chicago, IL, USA). The LOSsin the ICU and the ages
of the patients were summarized by means (+SD). Comparisons
of the patient groups (defined based on the presence of KS
disease) were assessed by the Mann-Whitney U-test. Rates
of UC positivity, urinary tract—originated sepsis, septic shock
during an ICU stay, and mortality, as well as the sexes of the
different patients were summarized using percentages. A chi-
square test or Fisher’s exact test was used to assess the differences
between the rates of these groups. A p value less than 0.05 was
considered statistically significant.

Results

In total, 256 individuals were initially evaluated, as they were
hospitalized patients in the ICU. However, 54 patients were
excluded due to their not having any radiologic imaging for
KSs performed during the year prior to their ICU admissions
or during their ICU stays. Furthermore, 19 patients with known
urological disorders were excluded. Moreover, 17 cases who
were younger than 65 years and 15 patients with short (24
hours or less) ICU stays were also omitted. The remaining
151 patients fulfilled the inclusion criteria and constituted the
study group. Of these, 73 (48.3%) were male and 78 (51.7%)
were female. The mean (+SD) age of the patients was 80.66
(£7.76) years. The primary reasons for ICU admission were
acute respiratory failure (35.8%), acute kidney injury (16.6%),
and malignancy (12.6%). The primary diagnoses at the ICU
admission, radiological imaging methods, and microorganisms
in positive UCs of the patients are presented in Table 1.

There were 18 patients in the first group (with KSs) and 133
patients in the second group (without KSs). In the first group,
3 patients had bilateral kidney stones, 9 had right-sided kidney
stones and 6 had left-sided kidney stones. The mean size of
kidney stones was 5.75 (£4.28) mm (2-15 mm) on the right-
side, 6.33 (£4.89) mm (2-18 mm) on the left. Regarding the
patients with right-sided KSs, 6 (50%) patients had lower-pole
stones, S (42%) had middle-pole stones, and 1 (8%) had an
upper-pole stone. Regarding the patients with left-sided KSs, 5
(55.5%) patients had lower-pole stones, 2 (22.2%) had middle-
pole stones, 1 (11.1%) had an upper-pole stone, and 1 (11.1%)
had stones in multiple poles.

A total of 71 patients had positive UC results during their
ICU stays. Candida was the cause of urinary infections in the
majority of the cases (33.8%), followed by E coli (29.6%) and
Enterococcus spp. (12.7%). Subsequently, the most common
microorganism found in the urine samples of patients without
KS disease was Candida (35.6%; n=21), while E coli (33.3%; n
= 4) was the most common microorganism found in the urine
samples of patients with KS disease.

The comparison of the mean ages of the patients in the first
and second groups revealed similar results, those means being
82.67 (£6.99) and 80.38 (+7.85) years, respectively.
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Table 1. The primary diagnoses at ICU admission, radiological
imaging methods, and microorganisms in positive urine cultures,
of all patients

n (%)
Primary diagnosis
Acute respiratory failure 54 (35.8)
Acute renal failure 25 (16.6)
Malignancy 19 (12.6)
Sepsis 15(9.9)
Acute neurologic disorder 14 (9.3)
Trauma 11(7.3)
Post-operative 4(2.6)
Gastrointestinal bleeding 4(2.6)
Acute coronary syndrome 4(2.6)
Diabetic ketoacidosis 1(0.7)
Radiological imaging method
Urinary US 64 (42.4)
Abdominal CT 54 (35.8)
Both (urinary US and abdominal CT) 33(21.9)
Microorganism in positive urine culture
Candida spp. 24 (33.8)
Escherichia coli 21(29.6)
Enterococcus 9(12.7)
Pseudomonas aeruginosa 7(9.9)

Klebsiella pneumonia 4(
Acinetobacter baumannii 3
Citrobacter freundii 1(1.4)
Burkholderia cepacia 1(
Staphylococcus hominis 1(

US: ultrasonography, CT: computed tomography

Just over half of the patients in the second group (without
KS disease) were women (54.9% vs. 27.8%; p=0.031). While
the frequency of UC positivity was similar between the 2
groups (p = 0.086), repeat UC positivity (p = 0.002) and
resistant pathogen related UTIs (p = 0.034) were significantly
more frequent in the group with KSs. Urosepsis (p<0.001)
and septic shock (p<0.001) also were significantly more
common in patients with KS disease than in those without.
Addiotinally, the mean length of ICU stay did not differ
between the 2 groups (18.41+23.34 vs.21.724+21.12 days; p=
0.355). Similarly, the overall ICU mortality rates
were also similar between the 2 groups (39.1%
vs. 27.8%; p = 0.352) (Table 2).

Discussion

The rates of admission of older patients (265
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common problem in the general population, and its prevalence
has been reported to be as high as 14.8% (4). Moreover, it is
shown that the incidence of KS disease has been increasing over
the past 50 years, having nearly doubled in the past 15 years in
the general population (4,7,18,19). Kittanamongkolchai et al.
revealed that the incidence of stones is rising more rapidly in
older adults than younger ones (8). In parallel with this, a study
by Huang et al. reported a peak prevalence of 34.7% in the 60- to
69 year-old adults who took part in their population-based study
(6). A recent cohort study by Cone et al. revealed that older
adults (=65 years) constituted 32% of inpatient care for urinary
stone disease (20). In the present study, the incidence of KSs was
11.9% in CIOA. Although past studies suggested that KS was
more common in men than in woman, a newer study revealed
a decline in the male-to-female ratio (from 3.1 to 1.3) for KSs,
which decline took place from 1970 through 2000 (21). Huang
et al. found a higher prevalence of nephrolithiasis in men than
in women (9.0% vs 5.8%) and more frequent recurrence rates
in men than in women (6). Another Asian population—based
study reported higher prevalence rates in men than in women
(6.0%vs 1.8%) (22). Similar to these eastern population—based
studies, in our study, 72.2% of group 2 were male. Nevertheless,
all these epidemiological studies suggest that KS disease is a
rather common problem for both sexes, and about 10% of older
patients in the ICU suffer from KSs.

A potential major clinical consequence of KSs is a UTL
Additionally, chronic bacteriuria has also been reported to
be associated with KSs (23). Hugosson et al. also reported
that the majority of the stones in their patients were small,
with a maximum diameter of 12 mm. They also observed that
almost all the patients (20 out of 23 patients) had no infection
after stone surgery. In the remaining 3 patients (who did have
bacteriuria after stone removal), a residual stone smaller than
3 mm remained. Therefore, small KSs may also be a risk factor
for a UTL In this study, the maximum stone diameter was
found to be 18 mm, and the mean stone size was 5.75 (£4.28)
mmiin the right kidney and 6.33 (+4.89) mm in the left kidney.
The current trial also supports the notion that small stones

Table 2. Comparison of the groups according to presence of kidney stone

Group |: Patients
without kidney
stones;

n =133 (88.1%)

Group |I: Patients

with kidney p
stones;

n =18 (11.9%)

years) to the ICU have increased, with these
patients now making up almost half of all ICU
admissions (16). There is certainly a need for
improved mortality predictions for patients in the
ICU, although a different variety of severity scores
hasbeen proposed (17). The presence or absence
of KSs could provide a new marker for predicting
sepsis rates and possibly be included in prediction
algorithms for patients in the ICU. KS is a

Demographics

Age (years), median (min-max) 80.0 (65-102) 83.5 (68-94) 0.184

Female, n (%) 73 (54.9) 5(27.8) 0.031*
Urine culture positivity, n (%) 60 (45.1) 12 (66.7) 0.086
Repeat culture positivity, n (%) 12 (9) 7 (38.9) 0.002*
RB in urine culture, n (%) 17 (12.8) 6(33.3) 0.034*
Urosepsis, n (%) 17 (12.8) 11 (61.1) <0.001*
Septic shock, n (%) 11(8.3) 8 (44.4) <0.001*
ICU LOS (days), median (min-max) 9.0 (1.0-115.0) 18.5 (1.0-82.0) 0.355
Mortality rates, n (%) 52(39.1) 5(27.8) 0.352

RB: resistant bacteria; ICU: intensive care unit; LOS: length of stay. *p<0.05
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may also be associated with a UTI. Similarly, in a larger study
of 120 patients with non-obstructive, asymptomatic KSs and
recurrent UTIs, 52% of the patients were reported to have
experienced no recurrence of infection after kidney stone
removal (24). In the same study, African-American ethnicity,
hypertension, and diabetes mellitus (in male patients) have
been shown to be associated with recurrent UTI. Similarly,
in our study, the male gender (72.2%) was higher in the UTI
group. In conclusion all these studies propose that KSs are a
risk factor for recurrent UT1.

It is known that UTT is one of the predominant healthcare-
associated infections in ICUs (25). In most UTI cases, urethral
catheters are what cause this infection. It has also been shown
that KSs and increased age are additional, internal risk factors
for these catheter-associated UTIs (26). Furthermore, it has
been proposed that infection in patients with pre-existing stone
disease can lead to life-threatening scenarios, such as sepsis and
septic shock (27). It was estimated that these “stone formers”
had an infection prevalence of approximately 79% and that
the most frequently isolated microorganisms from the urine
samples of these patients were gram-negative bacterial species
(28). We also documented the fact that gram-negative bacteria
species were the most common microorganisms (58.3%; n
= 7) in the UCs of patients with KSs in our study. Similarly,
Tavichakorntrakool et al. found E coli to be the most common
microorganism in the UCs of this group’s patients with KSs
(29). We also observed that recurrent UTI was more common
in CIOA with KSs. Additionally, antimicrobial resistance has
been frequently observed in bacteria isolated from stone formers
with UTTs, in previous studies (29). Similar to these studies,
from a total of 9 (excluding 3 Candida spp. isolates) bacterial
isolates detected in the catheterized urine samples of our study
patients with KSs, 6 (66.6%) had antimicrobial resistance
(mostly to multiple drugs). Therefore, it may be concluded that
multi-drug resistant bacteria led to more frequent (statistically
significant) urosepsis and septic shock events in older critically
ill KS disease patients in the present study. However, despite
the increase of urosepsis and septic shock events in patients
with KSs, mortality rates and mean ICU LOSs did not differ
between groups. Previously, Chant et al. concluded that when
adjustments were made for other prognostic factors in critically
ill adults, UTI was not associated with increased mortality;
instead, the higher mortality rate appeared to be the result of
confounding, unmeasured variables in their systematic meta-
analysis (30). However, we suggest that the overall mortality
in this cohort study was relatively low and therefore it did not
meaningfully influence the results.

This study has some limitations. The first issue is that this
was a retrospective trial. Some patients had no abdominal
imaging performed at the time of hospitalization in the
ICU, because such imaging had not been deemed necessary.
Therefore, only those patients with abdominal imaging
performed during the 12 months before their ICU admission
or during their ICU stay were included. Therefore, the total
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number of patients in each group remains rather small. In
addition, the mortality rate is too small to reach definitive
conclusions in terms of mortality risk.

In conclusion, our present study indicates that even small
asymptomatic KSs constitute a risk factor for CIOA, since the
prevalences of both recurrent UTI and antimicrobial resistance
are remarkably high in older critically ill patients with KSs.
Consequently, these patients more frequently suffer from
urosepsis and/or septic shock events. However, large prospective
trials are required to document the exact significance, in terms
of mortality rates, of KSs in CIOA.

Resumen

Objetivo: El objetivo de este estudio fue investigar el impacto
dela presencia de calculos renales (CR) en adultos mayores en
estado critico (AMEC) con estadfas de mas de 24 horas en la
unidad de cuidados intensivos (UCI). La sepsis es una de las
principales causas de mortalidad para pacientes en la UCI. La
presencia de CR es un riesgo bien conocido de bacteriuria e
infeccién del tracto urinario. Métodos: Se evaluaron inicialmente
un total de 256 AMEC entre abril de 2017 y febrero de 2019.
Se incluyeron pacientes con ecografia urinaria y tomografia
computarizada en los dltimos doce meses. Se excluyeron los
pacientes con patologia uroldgica adicional, menores de 65 aos
y estadias en la UCI de menos de 24 horas. En consecuencia,
151 pacientes fueron elegibles y constituyeron el grupo de
estudio. Estos pacientes se dividieron en dos subgrupos segtin la
presencia o ausencia de CR. Estos dos grupos se compararon con
respecto a los resultados del cultivo de orina (CO), la presencia
de urosepsisy el choque séptico. Resultados: La edad media fue
de 80.66 £ 7.76 aos. Hubo 18 pacientes con CRy 133 sin CR.
Un total de 71 pacientes tuvieron CO positiva. La positividad
recurrente de CO (p =0.002) ylos microorganismos resistentes
(p = 0.034) fueron significativamente mds frecuentes en el
grupo CR. Las incidencias de urosepsis (p <0.001) y choque
séptico (p <0.001) también fueron significativamente mayor
en pacientes con los CR. Conclusion: La presencia de CR en
AMEC se asocia con urosepsis mas frecuente y choque séptico.
Se requieren ensayos prospectivos mds grandes para evaluar
el impacto de CR en el prondstico de los pacientes en la UCL
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