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An analysis of lactate/albumin, procalcitonin/albumin,
and blood urea nitrogen/albumin ratios as a predictor of
mortality in uroseptic patients

Ahmet Sahin* @, Sinem Bayrakci? @, Selda Aslan?

SUMMARY

OBJECTIVE: The aim of this study was to investigate the ratios of lactate/albumin, procalcitonin/albumin, and blood urea nitrogen/albumin to
predict 14- and 28-day mortality in uroseptic patients. Urosepsis is a disease with high mortality, and early diagnosis and treatment are important.
METHODS: Patients with urosepsis who were admitted to the intensive care unit between January 2021 and September 2022, had a follow-up
of at least 28 days, and met the inclusion criteria were evaluated retrospectively.

RESULTS: The mean age was 70.23 (15.66) years and 84 (53.85%) were males. The number of non-survivors were 75 (48%) in the 14-day mortality group
and 97 (62.1%) in the 28-day mortality group. Based on the 14-day mortality data, the blood urea nitrogen/albumin ratio was higher in non-survivors vs.
survivors (median, 15.88 vs. 9.62), and the lactate/albumin ratio was higher (median, 0.96 vs. 0.52, p<0.01, all). Based on the 28-day mortality data, the
blood urea nitrogen/albumin ratio was higher in non-survivors vs. survivors (median, 14.78 vs. 8.46), and the lactate/albumin ratio was higher (median,
0.90vs.0.50, p<0.01, all).

CONCLUSION: It is very difficult to determine the prognosis of patients admitted to the emergency department with the diagnosis of urosepsis.
The lactate/albumin ratio and the blood urea nitrogen/albumin ratio can be used as early prognostic markers for both 14-day and 28-day mortality

until more reliable markers are identified.
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INTRODUCTION

Urosepsis is a serious infection of the urinary tract accompanied
by systemic inflammatory response syndrome, which manifests
in various forms such as pyelonephritis, cystitis, renal abscess,
acute prostatitis, or acute epididymo-orchitis. Urosepsis constitute
approximately 30% of all cases of sepsis, which may vary based
on geographical regions'. It entails a high mortality rate, in the
range of 30-40%. Its high mortality rate, its potential to cause
sequelae, and the rising cost of hospitalized care warrant rapid
and detailed evaluation of patients diagnosed with urosepsis®.
It should also be remembered that early detection and the ther-
apeutic approach used affect the patient’s survey?. It is necessary
to identify reliable and high-performing clinical indices that can
be used in clinical practice to predict development of urosepsis
in adults. It will also be useful to have a set of biomarkers that

can be reliably used in a clinical setting to estimate prognosis.

Serum lactate (L) is a marker of tissue hypoxia and is asso-
ciated with mortality in sepsis®. Albumin (A), a negative acute
phase reactant, is a prognostic indicator of inflammation sever-
ity in septic patients’. Procalcitonin (PCT) is a peptide pre-
cursor of calcitonin. It has been shown that serum PCT levels
are notably elevated in bacterial infections®. BUN level may
be associated with poor prognosis and is a major risk factor
indicator in septic patients”?.

Therefore, the aim of this single-center, retrospective,
observational study was to determine the ratios of lactate/
albumin (L/A), procalcitonin/albumin (PCT/A), and blood
urea nitrogen/albumin (BUN/A) in evaluating 14- and 28-day
mortality and prognosis-relevant factors in uroseptic patients
and to investigate the specific L/A, PCT/A, and BUN/A val-
ues that may be useful in predicting mortality as a future
prognostic factor.

Dr. Ersin Arslan Training and Research Hospital, Department of Infectious Diseases and Clinical Microbiology - Gaziantep, Turkey.
2Dr. Ersin Arslan Training and Research Hospital, Department of Intensive Care Unit - Gaziantep, Turkey.

*Corresponding author: ahmet27sahin@hotmail.com

Conflicts of interest: the authors declare there is no conflicts of interest. Funding: none.

Received on July 11, 2023. Accepted on July 30, 2023.

Rev Assoc Med Bras. 2023;69(11):20230422


https://doi.org/10.1590/1806-9282.20230422
https://orcid.org/0000-0002-8377-8293
https://orcid.org/0000-0002-7462-3134
https://orcid.org/0000-0001-8695-7118
mailto:ahmet27sahin@hotmail.com

Predictors of mortality in patients with urosepsis

METHODS

Patients and data collection

A total of 156 patients diagnosed with urosepsis who presented
at tertiary-care adult intensive care units at Dr. Ersin Arslan
Training and Research Hospital over the period of January
2021 to September 2022 were included in this stcudy. A diag-
nosis of sepsis was made using the criteria of “Surviving Sepsis
Campaign: International guidelines for management of severe
sepsis and septic shock: 2012, The inclusion criteria were the
presence of sepsis and a proven diagnosis of urinary infection.
The exclusion criteria were as follows:

Culture results indicating polymicrobial infection
Patients aged less than 18 years

Patients not diagnosed with urosepsis

B =

Lack of medical documentation precluding inclusion
in statistical analysis

5. A negative urine culture.

Data on patients’ age, gender, underlying conditions, dura-
tion of intensive care unit stay, invasive procedures, clinical par-
ticulars, and blood and urine culture evaluations, and prognostic
data were collected and analyzed. The 14- and 28-day mortality
rates were defined as death within 14 or 28 days, respectively,
from the onset date of urosepsis. This study complied with the
standards of medical ethics as endorsed by decision 184.22.09,
dated 01.26.2023, of the Ethics Committee of Gaziantep Islam
Science and Technology University.

Statistical analysis

Descriptive statistics of study data were expressed as mean for
numerical variables and as frequency and percentage analysis
for standard deviation and categorical variables. The consis-
tency of biochemical and hemogram variables with the normal
distribution was evaluated using the Shapiro-Wilk test. It was
found that the variables were not consistent with the normal
distribution (p<0.05). The Mann-Whitney U test was used
for comparing the variables on mortality at day 14 vs. day 28.
The analytical results for variables outlying the normal distri-
bution were given as median (Q1-Q3). Moreover, the differ-
ences between categorical variables were analyzed using the
Chi-square test. The receiver operating characteristic (ROC)
curve was used for determining the cutoff points for the L/A,
BUN/A, C-reactive protein/albumin (CRP/A), PCT/A, and
neutrophil/lymphocyte (N/L) ratios. ROC analysis was per-
formed to identify the best cutoff value for mortality predic-
tion. The univariate/multivariate logistic regression analysis was
used for evaluating variables which could impact on 14-day

2

and 28-day mortality. Statistical analysis was performed using
IBM SPSS 22.0 version (IBM SPSS, Chicago, IL). A signifi-
cance level of p<0.05 was adopted.

RESULTS

Demographic data and clinical characteristics

A total of 156 patients who met the diagnostic criteria of urosepsis
at hospitalization were included in the study in a total popula-
tion of 2,332 patients who had been followed up at the tertiary
care adult intensive care unit over the period of January 2021
to September 2022. Patients who were non-uroseptic, aged less
than 18 years, or with missing study data were excluded. Notably,
84 (53.85%) of the patients were males, and 72 (46.15%) were
females. A statistically significant difference in age or gender
was absent between the survivor and the non-survivor groups.
A total of 105 (67.31%) of the patients received mechanical ven-
tilation support, and 51 (32.69%) did not need it. The number
of non-survivors were 75 (48%) in the 14-day mortality group
and 97 (62.1%) in the 28-day mortality group.

Based on the 14-day mortality data, the BUN/A ratio was
higher in non-survivors vs. survivors [median, 15.88 (9.06—
27.27) vs. 9.62 (5.48-16.50)], and the L/A ratio was higher
[median, 0.96 (0.64-1.67) vs. 0.52 (0.39-0.71), p<0.01, all].
Similarly, based on the 28-day mortality data, the BUN/A ratio
was higher in non-survivors vs. survivors [median, 14.78 (8.28—
24.29) vs. 8.46 (5.48-14.58)] and the L/A ratio was higher
[median, 0.90 (0.59-1.52) vs. 0.50 (0.37-0.67), p<0.01, all].

Significant independent risk factors identified by logistic
regression analysis in the 14-day mortality data were the L/A
ratio, BUN/A ratio, BUN, ferritin, international normalized ratio
(INR), protrombin time (PT), D-dimer, platelet, mean corpus-
cular volume (MCV), and mean platelet volume (MPV). Also,
the L/A ratio (OR=7.220, 95%CI 3.249-16.044, p<0.001) and
the BUN/A ratio (OR=2.672, 95%CI 1.240-5.760, p=0.012)
were identified as independent risk factors of mortality by mul-
tivariate and last model regression analysis (Table 1).

The ROC curves were plotted to predict 14-day mortal-
ity using the L/A ratio, BUN/A ratio, CRP/A ratio, PCT/A
ratio, and N/L ratio. The area under the curve (AUC) for ROC
was 0.771 for the L/A ratio (95%CI 0.697-0.835, p=0.001),
0.669 for the BUN/A ratio (95%CI 0.589-0.742, p=0.001),
0.567 for the CRP/A ratio (95%CI 0.486-0.646, p=0.144),
0.540 for the PCT/A ratio (95%CI 0.459-0.620, p=0.385),
and 0.584 for the N/L ratio (95%CI 0.502-0.662, p=0.072)
(Figure 1). For 28-day mortality, AUC for ROC was 0.772
for the L/A ratio (95%CI 0.698-0.835, p=0.001), 0.664 for
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Table 1. Univariate, multivariate, and last model logistic regression analyses of various features associated with fatal outcomes for 14-day mortality.

Variable Uni\(/;;iate 95%Cl Multg;riate 95%Cl Lastorr};odel 95%Cl

L/Aratio 6.935 3.431-14.016 | <0.001 6.006 2.488-14.497 | <0.001 7.220 3.249-16.044 | <0.001
BUN/A ratio 3.786 1.950-7.350 | <0.001 2.652 1.196-5.882 | 0.016 2.672 1.240-5.760 | 0.012
BUN 1.020 1.007-1.034 | 0.004

AST 1.002 0.998-1.005 | 0.365

Ferritin 1.001 1.000-1.002 | 0.009 1.000 1.000-1.001 | 0.324

INR 2.568 1.025-6.435 | 0.044 1455 0.104-20.421 | 0.781

PT 1.080 1.002-1.164 | 0.043 0.969 0.767-1.224 | 0.792

D-dimer 1.096 1.006-1.193 | 0.035 1.047 0.959-1.142 | 0.303

Platelet 1.000 1.000-1.000 | 0.014 1.000 1.000-1.000 | 0.068

MCV 1.069 1.019-1.120 | 0.006 1.085 1.023-1.150 | 0.006 1.096 1.036-1.159 | 0.001
MPV 1.283 1.012-1.626 | 0.039 1.026 0.756-1.393 | 0.869

Neutrophil 1.009 0.985-1.034 | 0478

Statistically significant values are denoted in bold. AST: aspartate aminotransferase.

Figure 1. Analysis of receiver operating characteristic curve to predict 14-day mortality of uroseptic patients. The area under the curve was
0.771 for lactate/albumin ratio (p=0.001), 0.669 for blood urea nitrogen/albumin ratio (p=0.001), 0.567 for C-reaktive protein/albumin ratio
(p=0.144), 0.540 for procalcitonin/albumin ratio (p=0.385), and 0.584 for neutrophil/lymphocyte ratio (p=0.072), respectively. The cutoff point
of lactate/albumin ratio to predict 14-day mortality was 0.684 and 12 for blood urea nitrogen/albumin ratio.
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the BUN/A ratio (95%CI 0.584-0.738, p=0.001), 0.600 for
the CRP/A ratio (95%CI 0.519-0.678, p=0.037), 0.579 for
the PCT/A ratio (95%CI 0.497-0.657, p=0.108), and 0.621
for the N/L ratio (95%CI 0.540-0.697, p=0.008) (Figure 2).
A cutoff value of 0.684 was determined for predicting both
14-day and 28-day mortality by L/A, and the survival rates of
patients with a value above 0.684 were lower than in those
with values below the threshold (p=0.001). Similarly, a cutoff
value of 12 was used for predicting 14- and 28-day mortality
rates by BUN/A. The survival rates were higher in patients in
whom this value was below 12 (p=0.001) (Figures 1 and 2).

DISCUSSION

Early and accurate identification of sepsis is crucial, particularly in
intensive care patients who are at high-risk for mortality. In this

study, we investigated the independent risk factors which may
potentially impact on prognosis and 14- and 28-day mortality,
based on an analysis of clinical characteristics of uroseptic patients.

The 14-day mortality rate was 48% in this study. However,
the mortality rate increased with the duration of stay, and the
28-day mortality rate was 62.1%. Our findings were consis-
tent with the mortality rates reported by other studies, rang-
ing from 40-58.3%"'*'".

The L/A ratio is a better prognostic marker of multi-organ
failure and mortality in septic patients. Furthermore, a normal
or low L/A ratio is associated with better prognosis'>'®. Some
studies have shown the L/A ratio to be a better predictor of
mortality in septic patients'*'°.

Moreover, a cutoff value of 0.684 for the L/A ratio was deter-
mined for all uroseptic patients to differentiate survivors from
non-survivors. In other studies with septic patients, the cutoff

Figure 2. Analysis of receiver operating characteristic curve to predict 28-day mortality of uroseptic patients. The area under the curve was
0.772 for lactate/albumin ratio (p=0.001), 0.664 for blood urea nitrogen/albumin ratio (p=0.001), 0.600 for C-reaktive protein/albumin ratio
(p=0.037),0.579 for procalcitonin/albumin ratio (p=0.108), and 0.621 for neutrophil/lymphocyte ratio (p=0.008), respectively. The cutoff point
of lactate/albumin ratio to predict 28-day mortality was 0.684 and 12 for blood urea nitrogen/albumin ratio.
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values used included 1.01, 1.15, and 1.32, respectively'>'"!%.
We believe that the difference originates from the number of
included patients. The optimal cutoff values vary between stud-
ies, and further investigation is necessary.

Some studies in the literature have suggested that the BUN/A
ratio may be inversely related to survival, i.e., survival declines
with this ratio increasing’>?°. In our study, we have also shown
that the BUN/A ratio may be used for predicting survey in uro-
septic patients. We have determined an optimal cutoff value of
12 for predicting both 14- and 28-day mortality. In a Chinese
study on 801 patients, a cutoff threshold of 5.27 was used for
predicting 7-day mortality, while in a study on more than 10,000
patients, the cutoff was set to 7.93'*!. In a retrospective cohort
study of 7,656 patients with sepsis, the cutoff value was 8 to pre-
dict 30-day mortality?2. We believe that this difference between
the cutoff values may be due to the differences in population size
and the number of days used for mortality assessment.

In our study, in the 14-day mortality evaluation, the PCT/A
ratios were higher in non-survivors vs. survivors [median,
0.68 (0.13-3.86) vs. 0.55 (0.6-3.2); p=0.386]. The results
were similar for the 28-day mortality evaluation [median, 0.7
(0.14-3.86) vs. 0.36 (0.4-3.2); p=0.1]. Some recent reports
in the literature have associated the PCT/A ratio with patient
prognosis. A neonatal sepsis study has shown that an increased
ratio was predictive of septic shock?, while another study has
suggested that it may be used for differentiating septic and
non-septic urinary tract infections*. Our study differed from
others in that we compared survivors with non-survivors in a

population of uroseptic patients. While a statistically significant
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