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Significance of Neutrophil-to-Lymphocyte Ratio as
a Novel Indicator of Spontaneous Ureter Stone Passage

Kwang Suk Lee, Jee Soo Ha, and Kyo Chul Koo

Department of Urology, Yonsei University College of Medicine, Seoul, Korea.

Purpose: Stone size and location are generally considered the most important factors associated with spontaneous ureter stone
passage (SSP). Several parameters related to inflammatory changes have been identified as predictors associated with SSP. Our
aim was to investigate the predictive role of neutrophil-to-lymphocyte ratio (NLR) for SSP.

Materials and Methods: A retrospective review was performed on 131 patients who were referred to the urology outpatient clinic
and diagnosed with unilateral ureteral stones at our emergency department between July 2016 and December 2016. The presence
of ureteral stones was confirmed with non-contrast-enhanced computed tomography (NCCT) for all patients. SSP was confirmed
with either the patient collecting the stone during urination or by NCCT performed at 3 weeks from the first stone episode. Physical
examination, urinalysis, complete blood count, serum chemistry and inflammatory markers, plain radiographs, and NCCT at ini-
tial presentation were reviewed to analyze predictors of future SSP.

Results: Of 113 patients included for analysis, 90 (79.6%) passed their stones spontaneously. The SSP rates within 3 weeks accord-
ing to the stone’s size (5-10 mm and <5 mm) were 62.2% and 88.2%, respectively. A lower stone location [odds ratio (OR), 11.54;
p=0.001], smaller stone size (<5 mm) (OR, 8.16; p=0.001), and NLR (<2.3) (OR, 9.03; p=0.003) were independent predictors of SSP.
Conclusion: Low NLR (<2.3) may predict SSP in patients with ureter stones <1.0 cm in size. Our results suggest that ureteral in-
flammation plays an important role in SSP. Early intervention may be considered for patients presenting with high NLR (>2.3).
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INTRODUCTION

The presence of a ureter stone is the most common urologic
emergency and is associated with pain, expense, renal ob-
struction, and urinary tract infection.” The dilemma facing the
urologist is to choose between conservative measures and in-
tervention for ureterolithiasis management. Stone size and lo-
cation are generally considered the most important factors as-
sociated with spontaneous ureter stone passage (SSP).** Ac-
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cording to the current literature, serum C-reactive protein (CRP)
concentration, pyuria, hydronephrosis, and helical computed
tomography findings of perinephric fat stranding and the tis-
sue-rim sign related to inflammatory changes are predictors
associated with SSP.*%*

Multiple inflammatory markers, such as CRP concentration
and the erythrocyte sedimentation rate (ESR), have generally
been used in clinical practice.” Among the inflammatory mark-
ers, the neutrophil-to-lymphocyte ratio (NLR), defined as the
ratio of absolute counts of neutrophils and lymphocytes, is a
simple and effective marker that reflects an imbalance in in-
flammatory cells.'*"! However, to our knowledge, no data have
linked NLR to SSP. The aim of this study was to investigate
whether NLR predicts the passage of ureteral stones.

MATERIALS AND METHODS

A retrospective review was performed on 131 patients who
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were referred to the urology outpatient clinic diagnosed with
unilateral ureteral stones at our emergency department be-
tween July 2016 and December 2016.

According to the renal colic management protocol of our
emergency department (Fig. 1), all patients undergo evaluation
using a detailed medical history; physical examination; urinaly-
sis; complete blood count; routine serum chemistry measure-
ments; ESR measurement; CRP measurement; kidneys, ureters
and bladder radiography (KUB); and non-contrast-enhanced
computed tomography (NCCT). The diagnosis of ureter stones
was based on the presence of an unequivocal finding of a stone
on NCCT. At the outpatient urology department visit, patients
were asked about pain severity or complications and whether
they observed any sensation or stone fragments during urina-
tion. Plain radiography, urinalysis, and KUB were performed
routinely at each follow-up visit. For all patients, our institu-
tional protocol is to perform a NCCT at 3 weeks from the first
stone episode if the stone was not spontaneously expelled. For
patients who did not experience SSP, whether they continued
follow-up for another 2 weeks or underwent intervention was
based on their physician’s discretion and the patient’s prefer-
ence. Patients who did not receive complete evaluation at ini-
tial visit or those who did not complete follow-up at 3 weeks
were excluded from analysis.

Predictors of SSP were investigated based on the patient’s
laboratory and radiographic results evaluated at the emergency
department. Stone size was defined by the stone’s largest di-
ameter and was stratified into groups: those measuring up to
5 mm and those measuring 5-10 mm. The location of the stone
was classified into two groups based on the stone’s anatomical
position in the upper or lower ureter. Plain radiographic char-
acteristics were used to classify stones as radiopaque or radio-
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lucent.” Stone density was evaluated based on Hounstfield units
(HU) of each stone by a single investigator (K.S.L.).

The study was performed in accordance with the principles
of the declaration of Helsinki. Appropriate comparative tests,
such as Student’s t-test and the y? test, were used to compare
continuous and categorical variables. Univariate and multi-
variate analyses were performed according to proportional re-
gression models in order to adjust for potential confounders in
predicting SSP. The cut-off values for parameters were deter-
mined using the area under the receiver operating character-
istic curve. Statistical analysis was performed using SPSS ver-
sion 23 (SPSS Inc., Chicago, IL, USA). All tests were two-sided,
with statistical significance set at p<0.05.

RESULTS

Patient characteristics are shown in Table 1. Eighteen patients
(13.7%) did not complete follow-up at 3 weeks. Of 113 (86.3%)
patients included for analysis, SSP was observed in 90 (79.6%)
patients. Of the 23 (20.4%) patients who did not experience
SSP, 11 (47.8%) underwent additional treatment because of fail-
ure to expel the stone spontaneously and uncontrollable pain.
Ten (90.9%) patients underwent ureteroscopic stone removal,
and one (9.9%) patient underwent extracorporeal shock wave
lithotripsy.

Predictors for SSP are presented in Table 2. In the univariate
analysis, SSP was significantly associated with smaller stones
(p<0.001), stones located in the lower ureter (p=0.002), previ-
ous ureter stone history (p=0.006), previous ureter stone treat-
ment history (p=0.004), percent of neutrophil count (»p=0.020),
and the NLR (p=0.025).

Assessed for eligibility (n=131)

- Referred to the urology outpatient department for unilateral ureteral stones diagnosed at the emergency department from July 2016 to December 2016
- Urinalysis, complete blood count, serum chemistry, ESR, CRP and kidneys, ureters and bladder radiography and NCCT

Excluded (n=18)

- Follow up loss

Assessed for analysis (n=113)
- NCCT performed at 3 weeks from the first stone episode

Spontaneous ureter stone passage (n=90)

/\

No spontaneous ureter stone passage (n=23)

Y

Ureteroscopic stone removal (n=10)
Extracorporeal shock wave lithotripsy (n=1)
Continued follow-up for another 2 weeks (n=12)

Fig. 1. Flowchart of study selection process. ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; NCCT, non-contrast-enhanced computed

tomography.
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In the multivariate analysis, stones located in the upper ure-
ter [lower vs. upper: odds ratio (OR), 11.54; 95% confidence in-
terval (CI): 2.889-46.088; p=0.001], size of the stone (<5 mm vs.

5-10 mm) (OR, 8.16; 95% CI: 2.272-29.285; p=0.001), and NLR
(<2.3 vs. >2.3) (OR, 9.03; 95% CI: 2.125-38.353; p=0.003) were
found to be independent predictors of SSP (Table 2). Unexpect-

Table 1. Comparison of Patients According to Whether Spontaneous Stone Passage Occurred

Total Stone passing (-) Stone passing (+) pvalue
No. of patients 113(100.0) 23(20.4) 90(79.6)
Follow-up duration (days) 20.0(19.0-21.0) 20.0(18.0-22.0) 20.0(19.0-21.0) 0.783
Age (yr) 52.6(38.7-61.0) 51.8(36.4-58.6) 52.7(39.3-62.0) 0.808
Sex (male) 77 (68.1) 17(73.9) 60 (66.7) 0.508
BMI (kg/m?)! 24.1(22.4-26.0) 23.9(22.1-27.2) 24.3(22.4-25.9) 0.846
Previous ureter stone history 18(15.9) 8(34.8) 10(11.1) 0.006
Previous ureter stone treatment history 6(5.3) 4(17.4) 2(2.2) 0.004
Spontaneous stone passage history 12(10.6) 4(17.4) 8(8.9) 0.240
Level of stone 0.002
Upper 37(32.7) 14 (60.9) 23(25.6)
Lower 76 (67.3) 9(39.1) 67 (74.4)
Size of stone (mm) 43(3.3-54) 5.8(4.8-7.8) 40(3.0-5.2) <0.001
Radio-opacity 60(53.1) 11(47.8) 49 (54.4) 0.572
Presence of hydronephrosis 113 (100.0) 23(100.0) 90(100.0) >0.999
Urine RBC count 8.0(0.0-19.0) 5.5(0.0-15.5) 9.0(0.0-19.0) 0.583
Urine WBC count 0.0(0.0-0.0) 0.0(0.0-0.0) 0.0(0.0-0.5) 0.560
Serum WBC (%) 9.00(7.20-11.04) 9.35(8.04-11.43) 8.86 (6.99-10.97) 0.225
Neutrophil 62.7 (49.8-75.8) 71.2(57.0-79.8) 61.2 (48.9-73.6) 0.020
Lymphocyte 27.2(15.5-38.5) 19.2(13.2-31.5) 28.9(17.1-39.8) 0.080
Erythrocyte sedimentation rate (mL/hr) 7.0(2.0-18.0) 5.0(2.0-22.5) 7.0(2.0-17.5) 0.567
C-reactive protein (mg/L) 1.0(0.4-2.3) 0.9(0.3-2.4) 1.0(0.5-2.2) 0.876
Neutrophil-to-lymphocyte ratio 2.18(1.31-4.38) 3.67(1.78-5.83) 2.04(1.20-3.92) 0.025
Hounsfield units 378(162-731) 368 (182-720) 388 (178-725) 0.734

BMI, body mass index; RBC, red blood cell; WBC, white blood cell.
Data are numbers (%) or medians (interquartile range).

Table 2. Results of Univariate and Multivariate Analyses of Factors Predicting Spontaneous Passage of Ureter Stones

Univariate Multivariate
OR 95% CI pvalue OR 95% ClI pvalue
Age (yr) 1.00 0.974-1.034 0.809
Sex (male) 0.7 0.252-1.975 0.507
BMI (kg/m?) 0.98 0.810-1.174 0.792
Previous ureter stone history (yes) 0.23 0.080-0.691 0.009 0.99 0.166-5.933 0.994
Previous ureter stone treatment history (yes) 0.11 0.018-0.633 0.014 0.30 0.034-2.592 0.273
Spontaneous stone passage history (yes) 0.46 0.126-1.700 0.246
Side of stone (right) 0.40 0.150-1.066 0.067
Location of stone (lower) 453 1.731-11.859 0.002 11.54 2.889-46.088 0.001
Size of stone (<5 mm) 453 1.731-11.859 0.002 8.16 2.272-29.285 0.001
Radiopaque stone (yes) 1.30 0.510-3.263 0.571
RBC count in urine 1.00 0.981-1.017 0.902
WBC count in urine 1.15 0.793-1.659 0.467
Neutrophil <65 (%) 4.04 1.406-11.635 0.010 2.04 0.197-21.150 0.549
Erythrocyte sedimentation rate 1.00 0.970-1.023 0.776
C-reactive protein 0.99 0.963-1.017 0.450
Neutrophil-to-lymphocyte ratio <2.3 4.03 1.337-12.135 0.013 9.03 2.125-38.353 0.003
Hounsfield units 1.22 0.635-1.805 0.685

OR, odds ratio; Cl, confidence interval; BMI, body mass index; RBC, red blood cell; WBC, white blood cell.
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edly, traditional predictors of SSP, namely pyuria, hydrone-
phrosis, and previous ureter stone history, were not associated
with SSP in our study. To exclude potential multicollinearity
between neutrophil count and NLR, variance inflation factors
for these variables were analyzed. There was no harmful col-
linearity among these variables confirmed by coefficients of
variance inflation factors of below 3.6.

DISCUSSION

The present study evaluated the predictors of SSP at 3 weeks
for patients with ureter stones <10 mm in size. Stone location
(lower), stone size (<5 mm), and NLR (<2.3) were significant
positive predictors of SSP. Observation until SSP might cause
patients unwanted complications, such as recurrent attacks of
renal colic and urinary tract infections. In previous studies, the
follow-up strategy for patients with ureter stones varied accord-
ing to the clinician’s preference. Therefore, the 3-week follow-
up strategy used in our institution was established for patient
monitoring and to help the physician make proper treatment
decisions.

The European Association of Urology and the American Uro-
logical Association (AUA) guidelines state that the rate of SSP
significantly differs according to the stone’s location within the
ureter. Several studies have examined the role of the stone’s lo-
cation in SSP.*** Morse and Resnick® reported that passage
rates from the proximal, middle, and distal ureter were 22, 46,
and 71%, respectively, from a cohort of 378 patients. In an anal-
ysis of 850 patients from six retrospective studies, Hiibner, et al."
reported that the passage rate (without respect to stone size)
was 48% from the proximal ureter, 60% from the mid ureter, and
75% from the distal ureter. In our study, the SSP rate was 62.2%
from the upper ureter and 88.2% from the lower ureter. Our
results are consistent with previous results.

According to the AUA guidelines, 98% of stones <5 mm in size
are passed spontaneously with conservative management.'®
In a meta-analysis of 224 patients, 68% (95% CI: 46-85%) of pa-
tients with stones <5 mm passed them spontaneously, and for
104 patients with stones >5 mm but <10 mm, 47% (95% CI: 36~
59%) passed them spontaneously.”? This study showed that
the SSP rate for patients with stones <5 mm was 62.2% and was
88.2% for those with stones 5-10 mm in size. This result for the
SSP rate within 3 weeks was not similar to the results present-
ed in previous studies with respect to stone size.

The NLR is a parameter that can be used to evaluate the in-
flammatory status of a patient. It has proven useful as a prog-
nostic factor in major cardiac events, in several types of cancers,
and postoperative complications, as well as a marker of inflam-
matory or infectious states."”*" Our results indicate that NLR
could also be utilized for patients with urinary stones as an ob-
jective proxy for SSP. Forget, et al.** reported that the normal NLR
values for non-geriatric adults in good health were between
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0.78 and 3.53. In a representative sample of 9427 subjects in the
United States, the average NLR was 2.15 in the general popula-
tion.” The median NLR of the 113 patients in our study was 2.18,
and the median NLR in patients who experienced SSP was 2.04.
Patients who did not experience SSP had a higher NLR (3.67)
than those with SSP, which supports the notion that inflamma-
tion plays an important role in the pathophysiology of SSP.

The parameters related to inflammatory changes, including
serum CRP concentration, hydronephrosis, and pyuria, and
NCCT findings of perinephric fat stranding and the tissue-rim
sign were presented as predictive factors for SSP. The median
serum CRP concentration in this study was relatively low but
within the normal range, and no relation between CRP and SSP
was found. Ibrahim, et al.® reported that conservative treat-
ment was successful when there was no significant pyuria in
125 patients with ureter stones <10 mm in size. However, we
could not confirm this result in our cohort because of the small
number of patients with significant pyuria. Based on a cohort of
66 patients with ureter stones, Takahashi, et al.* reported that
hydronephrosis is associated with a lower likelihood of stone
passage. In the current study, all patients had hydronephrosis
based on NCCT findings; therefore, we could not analyze wh-
ether hydronephrosis was a predictor.

Inflammatory changes in the ureter provoke a reduction in
the rate of SSP; therefore, anti-inflammatory drugs, such as
NSAIDs and steroids, are generally considered in order to in-
crease SSP rates. In this cohort, all patients received anti-in-
flammatory drug management to relieve symptoms and pro-
mote SSP. With respect to multiple management options for
ureter stones, medical expulsive therapy (MET) using alpha bl-
ockers has been recommended for muscle relaxation of the
lower ureter.?®> However, medication for MET, such as calcium
channel blockers and alpha-blockers, cannot be routinely used
in Korea, because it is not reimbursed for patients with ureter
stones. In this study, no patients underwent MET.

A large proportion of patients with a history of ureter stone
experiences recurrence within 5 years of the first episode.**
Clinicians might have difficulty in making treatment decisions
for patients who have previously experienced SSP, because
previous SSP history might have caused permanent changes
in the ureter from inflammation. However, previous SSP history
was recently found to be a positive predictive factor for SSP in
a prospective clinical study of 251 patients.® To analyze these
conflicting differences, we evaluated previous ureter stone
history, previous ureter stone treatment history, and SSP histo-
ry. SSP history was not found to be a significant parameter in
univariate analysis. Previous ureter stone history and previous
ureter stone treatment history, including ureteroscopy and ex-
tracorporeal shock wave lithotripsy, were not found to be in-
dependent predictors of SSP in multivariate analysis.

Our study has an important strength. To our knowledge, it is
the first study to investigate NLR as a predictive factor for SSP.
Our findings may provide evidence for the development of

991



YMJ

new therapeutic targets in the management of ureteral stones.
However, there were also some limitations. First, the small
number of patients might have influenced the results. Further
studies with a larger number of patients are required to deter-
mine the detailed clinical relevance of our findings in order to
aid clinicians in decision-making for selecting patients with
ureter stones who should undergo simple observation. Addi-
tionally, it is notable that the proportion of patients not en-
rolled in the study or lost to follow-up was only 13.7%, so a se-
lection bias may have existed. Finally, the level of compliance
was difficult to confirm in all patients with respect to fluid in-
take; patients were asked to consume at least 2 L of fluids daily.
Our results were obtained after a relatively short follow-up pe-
riod for patients under surveillance. The follow-up period should
be longer for further evaluation, and multicenter trials are re-
quired to clarify whether the newly identified parameters are
feasible in this study. In addition, we plan to conduct image an-
alysis, such as HU, and the component of stone for the patients
who did not experience SSP.

In conclusion, the size and location of ureter stones and low
NLR (<2.3) were independent predictors of SSP in patients
with ureter stones <1.0 cm in size. Our result supports the no-
tion that ureteral inflammation plays an important role in SSP.
Early intervention, rather than expectant management, may
be considered for patients presenting with high NLR (>2.3) at
initial stone episode.
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