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~—ABSTRACT ~

Background and objectives: The importance of hematological parameters has started to be explored
with increased interest in many fields lately, with different studies finding an association between those
parameters and inflammatory status, atherosclerosis, comorbidities, malnutrition, neoplasia and even a faster
progression of chronic kidney disease (CKD). On the other hand, CKD itself presents as an inflammatory
condition, in which a lot of pathways are modified and the response to an infectious agent could be less
than expected. Regarding the latter aspect, in this study we aim to explore the differences between the
hematologic response during a lower versus upper urinary tract infection in patients with CKD.

Materials and methods: We analyzed 70 patients with chronic kidney disease and either cystitis or
pyelonephritis considering the hematologic parameters, the classical inflammatory ones as well as the
etiology of CKD.

Results: Neutrophils, neutrophils/lymphocytes ratio (NLR), erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP) and fibrinogen were higher in patients with pyelonephritis (PNA), while albumin
was significantly lower. In a binary logistic regression model that explained 80.2% of the variability of PNA
diagnosis and correctly predicted it in 92.9% of cases, NLR, CRP and fibrinogen were the independent
predictors.

Conclusions: Hematologic parameters can serve not only as an indicator of the inflammatory status, but
also as a laboratory biomarker for PNA in patients with CKD.
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INTRODUCTION

hronic kidney disease (CKD) is de-

fined by the Kidney Disease Impro-

ving Global Outcome guidelines

(KDIGO) as structural or functional

abnormalities of the kidneys that
persist for a minimum of three months (1). Also,
it is a rather frequent condition which occurs in
approximately 10% of the world population,
leading to a great individual and social burden
because of all involved co-morbidities, among
which the most common ones include anemia,
dysregulated mineral metabolism that leads to
bone disease, the malnutrition-inflammation-athe-
rosclerosis syndrome (MIA), fluid retention and
aggravation of hypertension, and last but not
least, a greater predisposition to infectious di-
seases, that can induce a vicious circle, with the
aggravation of the CKD and all its complications
(2-4). There are multiple mechanisms that allow
a greater incidence of infections in CKD patients,
including alterations of Toll-like receptors, which
predispose especially to urinary tract infections
(UTls), increased apoptosis of T lymphocytes
CD4+, and a lower activity of the neutrophils
induced by increased levels of fibroblast growth
factor 23 (FGF23) and by uremic toxins like
p-cresyl sulfate and indoxyl sulfate (5-7). Also,
CKD is a state of chronic inflammation besides
any superimposed infectious process, so syste-
mic inflammatory markers like C-reactive pro-
tein (CRP), tumor necrosis factor alpha (TNF-a)
or interleukin 6 (IL6) are often increased in CKD
patients (8).

On the other hand, since infectious diseases
are also very frequent, numerous parameters
have been evaluated and analyzed in order to
identify those which best describe the biological
response to infection, with the most well-known
being the appearance of leukocytosis/leukope-
nia and increased values of erythrocytes sedi-
mentation rate, C-reactive protein and fibrino-
gen (9, 10). However, lately, hematological
parameters of inflammation like red cell distribu-
tion width (RDW), platelet distribution width
(PDW), neutrophils/lymphocytes ratio (NLR) or
platelets/lymphocytes ratio (PLR) were correla-
ted with overt and subclinical systemic inflam-
mation in various clinical settings, including
CKD. For example, a high NLR was associated
with poor kidney survival and a greater degree of

malnutrition than expected, while a high RDW
was related to all-cause mortality, cardiovascular
risk and infections (11, 14).

Because UTls are very common in the gene-
ral population (almost 50% of women and 5% of
men are supposed to have at least one such epi-
sode during their lifetime) and also in CKD, but
little is known about the changes in hematologi-
cal parameters of inflammation in this context,
the current study aimed to evaluate the potential
role of NLR, PLR, RDW and PDW in differentia-
ting CKD patients with acute pyelonephritis from
those with cystitis (6, 8, 15). If confirmed, they
could be especially helpful in resource-limited
settings, where more costly markers like C-reac-
tive protein might not always be available.

MATERIALS AND METHODS

his is a retrospective observational study, in

which 70 non-dialyzed subjects with CKD
stages G3-G5 and UTIs were enrolled. Patients
were recruited on a one-year period, between
01.01.2021 and 31.12.2021, using the following
criteria: first of all, only patients with an esti-
mated glomerular filtration rate (eGFR) under
60 mL/min/1.73 m? for at least three months
were included, in order to ensure the diagnosis
of CKD according to KDIGO guidelines; patients
were identified in the informatic system of
the hospital using the N18.8 code from the Inter-
national ~Classification of the Diseases-10
(ICD-10) — 2 750 patients were initially selec-
ted, but only 2 100 of them had an eGFR under
60 mL/min/1.73 m?. Secondly, we applied an-
other search criterion to identify patients with
UTlIs using the codes N30.0, N30.8, N30.9 and
N10 and found that 350 patients had such epi-
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FIGURE 1. Inclusion/exclusion criteria. eGFR=estimated glomerular
filtration rate; N30.0, N30.8, N30.9, N10=codes from ICD-10 classification

used to identify the presence of a urinary tract infection
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sodes. Lastly, we excluded those who did not
come to the periodical check-ups (184 patients)
as well as those who had a diagnosis of sepsis
(96 patients). Therefore, only the remaining
70 patients were further analyzed (Figure 1).

For each subject, past medical history was
thoroughly evaluated and the diagnosis of either
upper or lower urinary tract infection was veri-
fied by the history of the episode described in
the documents and by the results of urine cul-
tures. The diagnosis of acute pyelonephritis was
made based on the signs and symptoms de-
scribed in the discharge documents, including
fever, low back pain, dysuria, pollakiuria and ur-
gency, and confirmed by the diagnosis men-
tioned by the clinician who evaluated the patient
in the discharge papers and in the informatic sys-
tem of the hospital. Also, the diagnosis of a sim-
ple cystitis was made based on the presence of
lower urinary tract symptoms like dysuria, pol-
lakiuria, urgency or a foul smell of the urine and,

again, confirmed by the diagnosis mentioned by
the clinician who evaluated the patient. No other
parameters were used to differentiate between
lower and upper UTls. Also, for each patient at
the moment of the infectious event, the fol-
lowing parameters were registered: demogra-
phic data [age, sex, complete blood count, in-
cluding the neutrophil/lymphocyte ratio (NLR)
and the platelet/lymphocyte ratio (PLR)], the va-
lues of classical inflammatory parameters like
erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) and fibrinogen, serum albumin,
serum creatinine in order to estimate the glo-
merular filtration rate using the CKD-EPI formula
(serum creatinine was registered at the time of
the first visit in the clinic), the urinary sediment,
the results of urine cultures, and last but not
least, the etiology of CKD.

The SPSS 26.0 program was used for statisti-
cal analysis. The continuous variables are pre-
sented as mean or median with confidence in-

Cystitis (51) Pyelonephritis (19) p-value
Age, years, mean (CI) 62 (58.3 to 65.5) 55 (47.7t0 63.4) 0.08
Sex, F, n (%) 38 (74.5) 9 (47.3) 0.03 patients
Hemoglobin, mean (CI) 11.5(11.09 to 12) 11.6 (10.4 to 12.7) 0.67
WBC, mean (CI) 7541 (6858 1o 8223.5) 12657.9 (10.517.2 to 14798.5) <0.001
Neutrophils, mean (CI) 4933 (4394.8 to 5471.8) 10047 (8002.8 to 12091.9) <(0.001
Lymphocytes, mean (CI) 1986 (1785.2 t0 2187.2) 1821 (1401.0 to 2241.1) 0.46
Platelets, mean (CI) 238313 (221236.4 to 255390.9) 235526 (187636.4 to 283416.2) 0.91
NLR, median (CI) 2.38(23103.3) 5.64 (4.7 to 8.6) <0.001
PLR, median (CI) 124.3 (1154 to 152.8) 150.2 (114.1 to 186.3) 0.95
RDW, mean (CI) 15 (14.6 to 15.3) 15.5 (15 to 15.9) 0.07
PDW, median (CI) 15.6 (14.6 to 15.3) 15.6 (14.6 to 15.6) 0.95
Albumin, median (CI) 4.4 (4210 4.4) 4.1 3.7104.3) 0.02
Leukocyturia, median (CI)* | 100 (64 to 676.4) 64 (33.4t0 614.4) 0.95
Hematuria, median (CI)* 20 (9.6 to 239.1) 25 (14 to 514) 0.63
ESR, median (CI) 30 (31.1 to 43.6) 67 (48.7 to 85.4) 0.003
CRP, median (CI) 7 (5.7 to 10.4) 67 (46.8 to 128.8) <0.001
Fibrinogen, mean (CI) 540 (478.9 10 601.2) 735 (569 o0 901.2) 0.007

Bacterial cultures, n (%)

1. E. coli: 23 (45)

2. Kiebsielia spp: 9 (17)
3. Enterococcus: 6 (12)
4. Others®: 7 (14)

5. Negative: 6 (12)

1. E. coli: 6 (31) 0.15
2. Klebsiella spp: 3 (16)
3. Enterococcus: 2 (11)
4. Others®: 3 (16)

5. Negative: 5 (26)

ieGFR, median (CI)

26 (23.61031.3)

35.7 (27.5 to 44) 0.08

Etiology of CKD, n (%)

. Vascular nephropathy: 13 (25.4)

_ADPKD: 11 (21.5)

. Primary glomerulopathy: 3 (5.8)
. Diabetic nephropathy: 3 (5.8)

. Mixed nephropathy: 3 (5.8)
Obstructive nephropathy: 2 (3.9)
. Medullary sponge kidney: 2 (3.9)
. Amyloidosis: 1(1.9)

e = R R o e

. Tubulo-interstitial nephropathy: 13 (25.4)

1. ADPKD: 10 (52.6) 0.01%*
2. Vascular nephropathy: 4 (21)

3. Tubulo-interstitial nephropathy:
3(15.7)

4. Diabetic nephropathy: 1 (5.2)

5. Obstructive nephropathy: 1 (5.2)

ADPKD=autosomal dominant polycystic kidney disease; CI=confidence interval; CKD=chronic kidney disease;
CRP=C-reactive protein; ESR=erythrocytes sedimentation rate; n=number of patients;
NLR=neutrophils/lymphocytes ratio; PLR=platelets/lymphocytes ratio; RDW=red cell distribution width;

WBC=white blood cells

*values were obtained from Stansfeld-Webb urinary sediment
**only the ADPKD was significantly different between groups, more frequently in those with pyelonephritis
&4cinetobacter, Candida, Citrobacter, Enterobacter, Pseudomonas, Group B Streptococcus.
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TABLE 2. Correlations

tervals, depending on their distribution, and the  [Variable Correlations | rs p-value
nominal variables are presented as percentages. | NLR i+ PLR 0465 | <0.001 | between the relevant
The distribution of variables was determined us- HEDW L e variables
. . , . . i+ ESR 0.354 | 0.005
ing the Shapiro-Wilk test and by analyzing their " CRP 0.539 | <0.001
skewness and kurtosis — if the Shapiro-Wilk test LU 0.261 [0.02
was under 0.05, associated with skewness and - -SRA[;l\)N ;)0;:;'123 g-ggB
: 3 : i
kgrt95|s 'above (+1) or below (-1), an a'bnormal — e T
distribution was assumed. For comparison be- [y FHU 0.555 | <0.001
tween episodes of cystitis versus episodes of py- F NLR 0.261 |0.02
elonephritis we used the Mann-Whitney U test Ly -0.256 | 0.03
for the continuous variables and Fisher's exact [ ;eéFRR ;)0'3451? ;%'32]
test for the nominal ones; the reason for choos- FFib 0.490 | 0.002
ing the two tests was that the majority of the vari- LU 0.555 | <0.001
ables had an abnormal distribution. Also, the ';SA“’ 'g-gj_:_ g'g:

. . L Ly -0. i
cqrrelatlons between varlab'le.s were gssessed CeGFR 032310004
with the Spearman rho coefficient and if the p- ['Age [ Ly 0245 | 0.04
value was below 0.05, a correlation was estab- - eGFR -0.370 | 0.002
lished. The multivariate analysis was conducted ~[Hemoglobin _ SAlb 02104 0.02

. bi logisti . dels i hich i+ Neu 0.255 | 0.03
using binary logistic regression models in whic Ly 0.283 10,01
the dependent variable was considered the diag- UESR 0.424 | 0.001
nosis of pyelonephritis and the independent |Serum albumin  ESR -0.460 | <0.001
variables were those with a p-value derived from EIEP 'g'igg 31%321
differences between groups below 0.1. O 'NLR 20313 [0.008

RESULTS

Patients in the pyelonephritis group were more
commonly men, had leukocytosis with neu-
trophilia, higher NLR value and higher markers
of systemic inflammation (ESR, CRP and fibrino-
gen), lower albumin levels and a greater preva-
lence of autosomal dominant polycystic kidney
disease. The microorganisms involved in the
UTIs did not differ in the two groups and were
mainly represented by E. coli, Klebsiella spp. and
Enterococcus. In addition, trends to higher RDW
and lower eGFR were observed (Table 1).

After testing the variables with the Spearman
correlation, the following results regarding the
relevant variables were obtained: NLR was posi-
tively correlated with PLR, RDW, classical inflam-
matory markers and leukocyturia, and negatively
with serum albumin; PLR was correlated with
NLR, as already mentioned, and additionally
with RDW; and RDW was negatively correlated
with the glomerular filtration rate. The PDW did
not correlate with any other variable. All remai-
ning parameters were tested and the results are
shown in Table 2.

A model of binary logistic regression was
built, which included both independent and de-
pendent variables. Thus, independent variables

CRP=C-reactive protein; eGFR=estimated glomerular
filtration rate; ESR=erythrocyte sedimentation rate;
Fib=fibrinogen; HU=hematuria; LU=leukocyturia;
Ly=lymphocytes; Neu=neutrophils;
NLR=neutrophils/lymphocytes ratio;
PLR=platelets/lymphocytes ratio;

RDW=red cells distribution width;

Salb=serum albumin;

+: positively correlated; -: negatively correlated.

comprised those which were significantly higher
or lower in the pyelonephritis group, including
NLR, serum albumin, ESR, CRP and fibrinogen,
RDW (it was also included because it was con-
sidered acceptable if a variable had a p-value
under 0.1), and urinary leukocytes and erythro-
cytes, as they were correlated with NLR. The dia-
gnosis of acute pyelonephritis was considered as
dependent variable. It returned that the NLR,
CRP and fibrinogen were the independent pre-
dictors of pyelonephritis diagnosis. The model’s
goodness-of-fit was assessed using a likelihood
ratio test, yielding a significant chi-square statistic
of x*=56.3, p<0.001. Additionally, the model’s
Nagelkerke R? value of 0.876 indicates that al-
most 88% of the variability in the diagnosis of
acute pyelonephritis is accounted for by the
model, which is a marked improvement over the
null model. Also, it correctly predicts the diagno-
sis in 92.9% of cases. The values are summarized
in Table 3.
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TABLE 3.
Independent
predictors of the
diagnosis of
pyelonephritiss

Variable | HR | CI p-value
NLR 1.718 | 1.048 to 2.814 | 0.03
CRP 1.158 | 1.035 to 1.296 | 0.01
Fibrinogen | 1.013 | 1.003-1.024 | 0.01

Cl=confidence intervals; CRP=C-reactive protein;
HR=hazard ratio; NLR=neutrophil/lymphocyte ratio.
Dependent variable: diagnosis of pyelonephritis;
Chi?=56.07; p<0.001; Nagelkerke R?=0.799.
Variables entered in the first step:
neutrophil/lymphocyte ratio, serum albumin,
erythrocyte sedimentation rate, C-reactive protein,
fibrinogen, urinary leukocytes and erythrocytes.

€ p
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FIGURE 2. Receiver operating
characteristic (ROC) curve for
neutrophils/lymphocytes ratio (NLR)
significance

A receiver operating characteristic (ROC)
curve was plotted in order to test the values of
NLR and identify a cut-off that could differen-
tiate between an upper versus a lower UTI with
a satisfactory sensibility and specificity. The re-
sults were very good, with a value of the ROC
curve of 0.865, p-value <0.001 and a cut-off
value established at 3.53, that provided a rate of
true positive diagnostics of pyelonephritis in
84.2% of cases and a rate of false positive dia-
gnostics of pyelonephritis in 19% of cases. 4

DISCUSSION

eutrophils are classically associated with

bacterial infections and hospitalization.
Moreover, despite the lack of complete function
and activation caused by all biochemical chan-
ges in CKD, they seemed to respond as expected
in UTIs, with significant differences between a
lower versus upper UTI, which was confirmed in

our study. Also, they seem to be independent
predictors for the diagnosis of pyelonephritis. In
addition, an increase in their number seems to
be associated with an elevated risk for sepsis in
hospitalized patients with pyelonephritis, which
can represent a useful marker, as it is very easily
obtained using only a basic complete blood
count (16, 17).

Neutrophils/lymphocytes ratio is another use-
ful marker which is associated with 90-day mor-
tality and hospital readmission in those with
Gram-negative sepsis, and also with AKI in pa-
tients with UTIs (17, 18). Also, upper UTls are
often complicated with the development of bac-
teriemia, especially when Klebsiella spp. is the
involved microorganism, and the patients have
also comorbidities like diabetes (19). Interes-
tingly, a recently published study claimed that
NLR in association with urinary IL-8 could dif-
ferentiate between UTIs caused by extended
spectrum beta-lactamases E. coli (ESBL) and
those caused by Klebsiella pneumoniae in pa-
tients with type 2 diabetes mellitus (20). In addi-
tion, it seems that NLR could predict the neces-
sity of nephrectomy in case of emphysematous
pyelonephritis, especially when it is associated
with AKI (21). Because studies argue that, in CKD
patients, the risk for severe infections increases
with the decline of eGFR, being two to three
times higher in stages G4 and G5 than in stage G2,
these facts can become very important as NLR
could serve as a marker for both the loss of kid-
ney function and the severity of an infectious
event, with the latter being also confirmed by
our findings (22, 23). In our study, NLR is con-
firmed as an independent marker that aids in the
diagnosis of pyelonephritis, which is of great im-
portance, especially in resource-limited coun-
tries, where more costly markers are lacking.

It should be mentioned that PLR, a very im-
portant parameter too, has been found to have
increased values in CKD patients, which corre-
late with all-cause mortality and could even have
a better predictive value for diagnosing inflam-
mation in advanced stages of CKD than NLR
(24-26). Moreover, it also has a prognostic sur-
vival value in patients with acute kidney injury
who need intensive care unit (ICU) treatment
(27). In infectious diseases, it was especially stu-
died in COVID-19 as a marker of severity and
mortality (28). Regarding infectious diseases, PLR
was found to be a predictor for 90-day mortality

Mhaedica | AJournal of Clinical Medicine, Volume 19, No. 3, 2024 515



HematoLocicaL PARAMETERS IN CKD PATiENTS

in hospitalized patients with sepsis (29). More-
over, in association with NLR, it could also pre-
dict the occurrence of sepsis after percutaneous
nephrolithotomy for kidney stones (30). On the
other hand, there are no studies that evaluate its
own predictive value in differentiating between
UTlIs, but nonetheless, it remains a good predic-
tor in CKD patients, both in infections, in asso-
ciation with NLR, and on its own in inflamma-
tory states. In our study, it also did not have
significantly different values in those with lower
versus upper UTlIs.

The red cell distribution width (RDW) is ano-
ther promising marker evaluated in different af-
fections, with the most important results regar-
ding it as a useful predictor for in-hospital
mortality at 30-days for patients in ICU, for co-
morbidities and pro-inflammatory status, and
last but not least, as a marker for mortality caused
by infectious diseases, including community ac-
quired pneumonia and Gram negative induced
sepsis, especially measured after 72 hours
(31-34). In CKD patients, RDW has been de-
monstrated as a useful prediction tool due to its
association with a faster decline in kidney func-
tion, a composite cardiovascular outcome when
its values are above 14.5% and increased morta-
lity (35-37). It also predicts sepsis-associated
acute kidney injury and death in ICU patients
(38-40). On the other hand, in more mild infec-
tions, RDW has not been studied enough but it
can still be a promising marker in UTls due to its
ability to predict a more serious turn of the
events and consequently, a more serious infec-
tion like pyelonephritis and, eventually, the de-
velopment of urosepsis. However, in our study,
there were no significant differences between
patients with cystitis versus pyelonephritis, most
probably due to the relatively small number of
patients included in research.

The platelet distribution width (PDW) has
also been extensively studied as increased values
were associated with new-onset cardiovascular
events and all-cause mortality both in peritoneal
dialysis and hemodialysis patients (41-43). Also,
a large prospective study conducted by Zhikai Yu
demonstrated that the number of platelets and
PDW were associated with cardiovascular events
even in pre-dialysis patients (44). Regarding the
infectious diseases, a higher PDW (above 18%)
in sepsis is correlated with a higher risk of morta-
lity and also seems to have a prognostic value in

patients with COVID-19 infection, but further
research is needed (45, 46). Also, in UTls an in-
crease in the number of platelets is associated
with Gram negative strains, while the PDW was
found to be lower (47, 48). This fact can be very
important: firstly, as the number of platelets and
PDW are two markers that indicate the same
type of uropathogen, their sensitivity increases;
and secondly, they are very easily obtained and
can aid the diagnosis before the arrival of the
culture results. In our study, there were no sig-
nificant differences between upper and lower
UTIs, which may be explained by the low seve-
rity of infections — even in the pyelonephritis
group, patients did not progress toward sepsis
because the antibiotic treatment was rapidly in-
troduced. Prospective further research is needed
in order to identify if the severity of infections
correlate with PDW in CKD patients too.

Despite the fact that we mainly focused on
the importance of hematologic parameters as
laboratory evidence for differentiation between
upper and lower UTls in CKD patients, we also
registered the values for the classical markers of
inflammation (ESR, CRP and fibrinogen) and, as
expected, they were significantly different in the
two groups observed by us, with much higher
values being seen in those with pyelonephritis.
Also, CRP and fibrinogen were independent pre-
dictors for the diagnosis of pyelonepbhritis.

The present study has also some limitations.
First of all, it had a retrospective design, with
data being acquired from the informatic system
of the hospital. However, we only followed a
precise group of parameters that were widely
available; for that reason, and also because our
hospital is a tertiary nephrology center in Romania,
there is almost no probability that variables re-
lated to the investigated topic to miss. Then, the
sample size is relatively small, mainly because of
the strict selection criteria. On the other hand,
even this relatively small number of subjects
seemed enough to generate some significant
data and to confirm the importance of some he-
matological parameters like NLR. It is supposed
that other hematological parameters such as
RDW or PDW would have been confirmed too,
in case of a larger sample, especially because
they seem to have an important prognostic value
in non-CKD patients. Prospective clinical trials
are further required in this matter. Finally, we
conducted the study only in our hospital and did
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not collaborate with other medical centers; how-
ever, as already mentioned, as our hospital is a
tertiary center, it has a vast experience with CKD
patients, which ensures a high accuracy of the
investigations. U

CONCLUSIONS

Ithough the present study has a retrospective

design and included a relatively small num-
ber of participants, it draws attention on the im-
portance of hematologic parameters as labora-
tory markers in differentiation between cystitis
and pyelonephritis in CKD patients. The main
result of our study was the high diagnostic utility
and significance of the neutrophil/lymphocyte
ratio in separating the upper urinary tract infec-
tions from the lower ones, that could also esta-
blish a cut-off value of 3.5. This is a very impor-
tant finding due to its wide availability and low
cost, especially in CKD patients, in whom it has
also been reported to be an independent predic-
tor for a faster progression toward ESKD. Further
research is needed in order to better explore
these parameters, as in many situations they

seem to provide easy and accessible solutions for
both prognosis and diagnosis. 4
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