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Role of inflammatory markers and their trends in predicting
the outcome of medical expulsive therapy for distal ureteric

calculus
Vasantharaja Ramasamy, P. Aarthy, Vivek Sharma, Avinash Pratap Singh Thakur
Department of Urology, Government Medical College, Trivandrum, Kerala, India
Abstract Objective: Symptomatic ureteric stones cause surrounding inflammation-promoting obstruction. C-reactive

protein (CRP), white blood cell count (WC), and neutrophil percentage (NP) tend to rise after inflammatory
response. Monitoring response during the course of medical expulsive therapy (MET) may help in deciding
early intervention, thereby decreasing morbidity. We assessed the role and trends of these markers in
predicting the outcome of MET.

Materials and Methods: One hundred and ninety-two patients with distal ureteric calculus of size >5 mm
were included in this prospective study from April 2017 to March 2018 after ethical committee approval.
CRP, NP, and WC were measured on day 1, 7, and 14 of MET, and analysis was done.

Results: On univariate analysis, stone size and mean values of CRP, WC, and NP on day 1, 7 and 14 in stone
nonpassers were significantly higher compared to stone passers (P < 0.05). Receiver operator curve analysis
showed area under the curve value 0of 0.798 (P = 0.001) for CRP and cut off value determined was 1.35 mg/dL.
Multivariate analysis of different variables showed significant association of higher CRP (>1.35 mg/dL) and
larger stone size (>7 mm) with MET failure. Decreasing trend of CRP was seen in both groups, but values
were higher in stone nonpassers. WC and NP showed decreasing trend in stone passers but persistently
high in stone nonpassers.

Conclusions: Higher CRP and larger stone size were associated with failure of MET. WC and NP showed
decreasing trend in stone passers and persistently higher in nonpassers, which may potentially predict
failure of MET, however, their role need to be further studied.
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INTRODUCTION

Worldwide incidence of Urolithiasis is as high as 20%,
and the lifetime risk is reported to be 5%—12%.["?
Ureteral stones accounts for 20% of all urolithiasis and its
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prevalence ranges from 3% to 5%.°% The prevalence of
urolithiasis is in increasing trend leading to high economic
butrden to the wotld population.”® The management of
ureteral stone has options such as watchful waiting, medical
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expulsive therapy (MET), endoscopic removal, extra
corporeal shock wave lithotripsy (ESWL), and surgical
removal. The choice of treatment and the need for active
intervention is still a dilemma in the management of ureteral
stone.n The European Association of Urology (EAU)
guidelines suggest MET with alpha blockers in medically
stable, symptom controlled patients with distal ureteric
stones >5 mm.*!

Based on various studies, it has been found that
spontaneous stone passage rate for distal ureteric stones
to be 70%—75%. Spontaneous stone passage may take
up to 4 weeks approximately, during which patient may
develop recurrent colic or urinary tract infection increasing
the morbidity.”""! Symptomatic ureteric stones usually
cause surrounding inflammation and edema promoting
obstruction."!! Inflammatory markers like C-reactive
protein (CRP), white blood cell count (WC), and neutrophil
percentage (NP) were evaluated in various studies to
assess their role in obstructing ureteric stones. Based on
studies by Aldagadossi and Park ez 4/, high levels of CRP
correlate with lower stone passage rates and need for eatly
intervention.['>"”l Based on a study by Sfoungaristos ez al.,
high white blood cell (WBC) count and NP suggest stone
passage hypothesizing passage of stone cause ureteral wall
inflammation compated to stones which remain static.'"
In contrast, a study by Park ¢z a/. showed low stone passage
rates in patients with high NPs.I"” Furthermore, in a recent
study by Abushamma e a/, high WBC count and high
CRP are significantly associated with eatly intervention
during MET.""¥ However, a study by Ahmed ez /. did not
show a significant association of WBC count and stone
passage rate.l') In the present study, we assessed the role of
inflammatory markers (CRP, WC and NP) and their trends
during MET for distal ureteric calculi of size >5 mm in
predicting the outcome of therapy.

MATERIALS AND METHODS

Study population

Patients who were diagnosed to have distal ureteric
calculus in our outpatient department and planned
for MET as per guidelines from April 1°* 2017, to
March 31* 2018, were included consecutively in this
study. We conducted this prospective study after approval
from Institutional research committee (Approval number:
A2-SBMR (2016-2017)/27717/2016/MCT) and Human
Ethics Committee (Approval number: 05/32/2017/MCT).
Our inclusion criteria were patients who were diagnosed
to have distal ureteric calculus of size >5 mm based on
noncontrast computed tomography (NCCT), willing for
MET and further follow-up. Our exclusion criteria were
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patients who lost to follow-up, those already taken or
undergoing MET, those with altered renal function test
and those with documented active urinary tract infection
or infection at any other sites clinically.

Study procedure

Patients who were fulfilling the criteria and consenting for
the study were started on MET (alpha blocker-Tamsulosin
0.4 mg once daily for 4 weeks). CRP, WC and NP were
measured on day 1, 7 and 14 of MET. Patients underwent
NCCT to look for passage of stone or impaction at the end
of 4 weeks of MET. Outcome of the study was defined
as whether stone has passed or not after MET (stone
passers or nonpassers). Data collected were analyzed and
correlated with the outcome of MET. Trends of CRP, WC
and NP during the course of MET were also analyzed for
its association with the outcome.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp. Univatiate analysis
was done using Chi-square test to compare the association
of CRP, TC, and NP with the Stone passers (MET success)
and nonpassers (MET failure). Independent #test was
done to compare the mean differences in CRP, WC and
NP among stone passers and nonpassers. Multivariate
Logistic regression was done and Odds ratio was calculated
to assess the association of markers with the outcome.
Receiver operator curve (ROC) analysis for area under
the curve (AUC) values was done to derive the cut off
values for CRP in MET failed patients (stone nonpassers).
Repeated measures of ANOVA test was done to compate
the mean difference in CRP, WC, and NP at different time
intervals. “P” value is considered statistically significant
if <0.05.

RESULTS

Flow diagram of study participants is shown in Figure 1.
The median age of patients was 36 years (range 15-72).
Mean size of calculus was 6.62 mm. Comparison of
demographic data, stone characteristics, and inflammatory
markers values between stone passers and nonpassers
are mentioned in Table 1. After univariate analysis, stone
size, CRP, WC, and NP were significantly higher in stone
nonpassers compared to stone passers group (P < 0.05).

ROC analysis was performed showing AUC value of
0.798 (P = 0.001) for CRP [Figure 2]|. Cut off value
provided by the analysis for CRP was 1.35 mg/dl with
97.6% sensitivity and 70.2% specificity. We could not arrive
at a cut off value with optimal sensitivity and specificity
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Total number of patients who fulfilled inclusion criteria = 200

Number of patients lost follow up =8

Number of remaining pati

ents (Sample size) n = 192

After four weeks of Medical expulsive
Therapy for distal ureteric calculus

/\

Number of patients passed stone = 151 (78%)

Number of patients not passed stone = 41 (22%)

.

| Males = 101 (67%) | |Females=50(33%)|

Figure 1: Flow diagram of study participants

Males =29 (70%) Females =12 (30%)

Table 1: Comparison of patient characteristics with the outcome of medical expulsive therapy by univariate analysis

Characteristics (n=192) MET successful (n=151) MET failed (n=41) P
Age (years), mean+SD 37.68+12.11 36.97+10.29 0.42
Sex (male/female), n (%) 101 (66.8)/50 (33.2) 29 (70.8)/12 (29.2) 0.64
Side of stone (left/right), n (%) 74 (49)/77 (57) 22 (53.6)/19 (46.4) 0.59
Size of stone (mm), mean+SD 6.19+1.22 8.16+1.35 0.0001
Mean value of CRP-day 1/days 7/days 14 of MET (mg/dl) 3.13+2.73/1.37+1.87/0.31+0.51 8.56+7.02/7.04+5.47/6.88+4.99 0.0001
Mean value of WC-day 1/days 7/days 14 of MET (cells/mm?) 7231+2381/6380+£1911/5942+1707 9814+2348/9554+1855/9645+1826 0.0001
Mean value of NP-day 1/days 7/days 14 of MET (%) 61+13/56+12/53+11 70+13/70+11/71£12 0.0001

Chi square test used for comparing the categorical variables (Age, gender and side of stone), Student t-test used to compare the mean values of
size of stone, CRP, WC and NP. Total number of patients n=192, CRP: C-reactive protein, WC: White blood cell count, NP: Neutrophil percentage,

SD: Standard deviation, MET: Medical expulsive therapy

for WC and NP after analysis. Univariate analysis of CRP
revealed, failure of MET in 2.2% (1/406) patients with
lesser CRP (<1.35 mg/dl) compared to 27.4% (40/140)
with CRP >1.35 mg/dl (P = 0.001). Univariate analysis
of stone size showed, 6.3% (7/112) of patients with
size <7 mm compared to 42.5% (34/80) with >7 mm
failed to pass the stone (P = 0.001). Multivariate logistic
regression analysis was done for study variables such as age
(=40 and >40), sex, side, stone size (X7 mm and >7 mm),
and CRP (<1.35 mg/dl and >1.35 mg/dl). The results of
multivariate analysis are summarized in Table 2. Larger
stone size (P = 0.002) and higher CRP values (P = 0.001)
were found to be statistically significant in predicting non
passage of stone after MET.

The trends of mean values of inflammatory markers
(CRP, WC, NP) on Day 1, 7, and 14 of MET in stone
passers and nonpassers were analyzed and represented as
charts [Figure 3 a-c]. In stone passers group, the mean CRP,
WC, and NP values were significantly different between
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time points with Greenhouse—Geisser effect F values and
Pvalues-(I7[142.833] P = 0.0005), (I'[144.827] P = 0.0005)
and (F [107.027] P = 0.0005) respectively, showing a
statistically significant downward trend (P < 0.05). In stone
nonpassers group, the mean CRP values were significantly
different between time points with Greenhouse—Geisser
effect F value (7.679) and P = 0.002, showing a statistically
significant downward trend (P < 0.05). However, the
CRP values remained at a higher level and did not decrease
below the estimated cut-off of 1.35. The mean WC and
NP values were not statistically different between time
points with Greenhouse—Geisser effect I values and
P values-(F [0.933] P — 0.375) and (F [1.797] P — 0.182)
implying there was no significant fall or raise in WC and
NP in stone nonpassers group (P > 0.05).

DISCUSSION

Currently available treatments for ureteric stones are
observation (with analgesics with or without adjuvant
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Figure 2: Receiver operator curve analysis for C-reactive protein on
day1, 7 and 14 of Medical expulsive therapy

Table 2: Multivariate analysis of factors predicting the
success of medical expulsive therapy

Variables OR 95% Cl P

Age 3.456 0.433-27.566 0.242
Sex 2.127 0.322-14.061 0.434
Side of stone 0.571 0.099-3.287 0.530
Stone size 0.037 0.005-0.289 0.002
CRP 0.013 0.003-0.056 0.001

OR: Odds ratio, CI: Confidence interval, CRP: C-reactive protein

pharmacotherapy in facilitating spontaneous stone passage),
ESWL, ureteroscopy (flexible or semi-rigid), percutaneous
nephrolithotomy (PCNL), and open/minimally invasive
surgery." Two important factors which decide spontaneous
passage of ureteral stones are stone size and location.!"
Ureteral stones <5 mm in any location (upper/mid/lower)
have 75% chance of spontaneous passage. Chances of
spontanecous passage decrease as stone size increases
(60% passage rate for stone size of 5-7 mm, 48% for
7-9 mm and 25% for more than 9 mm). Spontaneous
passage rates vary based on stone location (48% for
proximal, 60% for mid, 75% for distal and 79% for
vesicoureteric junction stones).”! Spontaneous passage
rates wete studied by EAU/AUA panel based on recent
meta-analysis and found to be 68% for <5 mm stones and
48% for 5-10 mm stones.” Observation for spontaneous
passage is a good option for smaller ureteric stones with
well controlled symptoms, normal renal function, and
without infection.” Spontaneous passage after observation
avoids unnecessary invasive procedure and financial burden
to the patient.?)
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Figure 3: (a-c) Trends of Mean C-reactive protein (in mg/dl), White
cell count, Neutrophil percentages among Stone passers and Stone
non-passers on day 1, 7 and 14 of Medical expulsive therapy

MET is described as the administration of pharmacological
agent which aid in expulsion of ureteric stones. Various
agents such as alpha blockers, calcium channel blockers,
corticosteroids, and phosphodiesterase-5 (PDE-5)
inhibitors have been studied extensively. Recent guidelines
conclude alpha blockers as effective monotherapy for
medical expulsion of ureteric stones, whereas calcium
channel blockers, corticosteroids, and PDE-5 inhibitors
lack adequate evidence to consider as monotherapy."”! The
current EAU guidelines recommend alpha blockers as MET
for distal ureteric stones of size more than 5 mm based on
the primary outcome of previous trials.®! Most trials in the
literature evaluated MET outcomes at 4 weeks’ period and
no data are currently available to support other time intervals.

Apart from stone size and location predicting outcome of
MET, various other radiological findings and laboratory
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values were studied. Based on a study by Lee ez al,
imaging parameters such as transverse stone diameter,
longitudinal stone diameter, ureteral diameter (proximal
to stone), ureter to stone diameter ratio are studied and
its association with stone expulsion showed significant
association with longitudinal stone diameter.”” In a study
by Cilesiz et al., high procalcitonin levels and leukocyturia
showed negative effect on spontaneous stone passage
suggesting the potential role of inflammatory markers
monitoring during MET.® Another study by Selvi ez af.,
hypothesized that higher Framingham score may be
associated with noncalcium stones with higher stone
volumes and functional impairment of ureteral peristalsis
due to chronic inflammation in metabolic syndrome
resulting in lower spontaneous stone passage rates.”" In
1930, William Tillet first coined the term CRP, a protein that
precipitated streptococcus pneumonia C-polysaccharide.
Any inflammatory response stimulates synthesize of CRP
from liver. Once the inflammation subsides, CRP values
decrease rapidly. This response had been used clinically in
various studies to predict infection and inflammation.)
Inflammatory response caused in ureteric stone lead to
elevation of CRP values, which can be used to predict stone
passage rate and help in treatment decision."? White blood
cell count and neutrophil, a component of White blood
cells tend to rise in various conditions such as inflammatory
response, bacterial infection, and myocardial infarction.
We collected the values of inflammatory markers (CRP,
WC, NP) at Day 1, 7, and 14 of MET and analyzed the
data as well as the trend during the course of therapy. We
hypothesized that interim analysis of inflammatory markers
and their trend during MET may help in deciding whether
to continue MET or plan for active intervention. Based
on analysis of the data of 192 patients, males (130 out
of 192 patients) had more incidence of ureteric calculus,
similar to studies by Park ¢z 2/ and Ahmed ef a/'*'! In
our study, there was no significant difference in the stone
expulsion rate between right and left sided stones (P = 0.59)
similar to the studies by Puntub and Lerdpraiwan and Jain
et al %" Miller and Kane reported the need of intervention
was less likely in right sided stones." In contrast, a study by
Sfoungaristos ¢f al., spontaneous passage rate was more on
left-sided stones possibly due to no firm attachment of left
ureter to patietal peritoneum.” The mean age of 37.5 years
was comparable with previous studies (ranging from 36 to
46 years).""*19 Analyzing age and gender as factors for
predicting stone passage after MET were statistically
insignificant (“P” =0.42 and 0.64, respectively) similar to
previous studies.***" In our study, 78.6% (151/192) patients
with distal ureteric calculus of size more than 5 mm passed
stone after 4 weeks of MET. Those patients who failed

12

MET underwent ureterorenoscopy (URS). Intraoperative
findings such as inflammatory changes in the mucosa
surrounding the stone were noted and none had ureteric
obstruction distal to the stone preventing spontaneous
passage. Four meta-analyses” evaluating the outcome
of MET with alpha blockers for distal ureteric calculus
reported passage rates of 83%, 86.4%, 53%—90%, and
77%—-90% respectively compared with our rate of 78.6%.
Mean stone size in passers group was 6.19 mm compared
to nonpassers group of 8.16 mm and the difference was
statistically significant (“” < 0.01).

Previous studies measured one or two inflammatory
markers (CRP, WC, and NP) at the diagnosis of ureteric
stones and used its association with spontaneous stone
passage rate (7,12—-14,16). Our methodology was to
serially (day 1, 7, and 14 of MET) measure all three values
and used for analysis to predict the outcome of MET
which was not studied previously. By serially measuring
these values, the inflammatory response caused by stone
impaction or passage during the course of MET can
be studied. The mean CRP values of day 1 were 3.13
(in stone passers) and 8.16 (in stone non passers) and the
difference was statistically significant. Ozcan et a/. study also
revealed high CRP level was significantly associated with
nonexpulsion of distal ureteric calculi of size 4-10 mm
with a cut off value of 0.506 mg/dLP"! The finding was in
concurrence with Aldaqadossi, Hada ¢ 4/, and Jain ez al.
with their calculated CRP cutoff values of 2.19 mg/dl,
2.45 mg/dl, and 0.41 mg/dl, respectively.!>***! In our
study, the cut off value was 1.35 mg/dL. The low cut off
value of CRP in Jain ez a/’s study could be possibly due to
the exclusion of the confounding factor of elderly age as
CRP increases with age and their study population included
patients <50 years of age.*!

On analysis, the mean values of CRP, WC, and NP in stone
passers showed serially decreasing trend over the course of
MET possibly due to the resolution of ureteric mucosal
inflammation after passage of stone. Although in stone
nonpassers group, mean CRP showed decreasing trend, the
values remained higher at all three time points compared to
stone passers as shown in Figure 3a. Persistently elevated
levels of CRP could be due to the continuing inflammation
around the stone. Previous studies too support our findings
that CRP level increases with inflammation in impacted
stones and decreases once stone is passed out.'>*! The
mean values WC and NP in stone nonpassers did not show
a significant increase or decrease over the course of MET
but the values at all three time points were higher compared
to stone passers, as shown in Figure 3b and c. These
findings could possibly infer those stones with surrounding
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mucosal inflammation caused the persistently higher values
of WC and NP.

On univariate analysis, all three inflammatory markers
studied showed significant difference between stone
passers and nonpassers, but we could not arrive at an
optimal cut off values for WC and NP due to poor
specificity. Hence, WC and NP were not included in the
multivariate analysis. With the estimated cut off for CRP
by ROC analysis, multivariate analysis showed significant
association between high values and failure of MET. This
finding was similar to previous studies by Park ez 4/, Puntub
and Lerdpraiwan, and Jain ef a/!">***" Hence, we propose
CRP values can be used as a surrogate inflammatory
marker to predict the outcome of MET. In contrast, a
study by Shah e7 a/. analyzed single initial values of CRP,
WBC count, and neutrophil values in patients started on
conservative management and found to have no association
with spontaneous stone passage. However, this study has
limitations such as retrospective nature and unmeasured
confounding factors.” Furthermore, higher the stone
size (>7 mm), lesser the chance of spontanecous stone
passage similar to previous studies.!'>*"-¥

Limitations and recommendations

Even though the mean values of WC and NP were higher
in stone non-passers group compared to the other group,
the values were within the normal reference range of the
laboratory. This inferred the doubtful significance of WC
and NP as inflammatory markers in predicting the outcome
of MET. The observation of the trend of WC and NP
at regular intervals during MET may assist in deciding to
continue MET (downward trend) or proceed with early
intervention (static/upward trend). However, there is no
available literature for trend analysis and needs further
studies to affirm this hypothesis.

CONCLUSIONS

Decision-making regarding when and whom to intervene
early during MET to avoid complications is still confusing.
Higher CRP and larger stone size were associated with
failure of MET. No previous studies to our knowledge
evaluated the trend of inflammatory markers during the
course of MET. Our study revealed decreasing trend of
CRP in both stone passers and nonpassers, but the values
were higher in nonpassers. WC and NP showed decreasing
trend in stone passers and persistently higher in nonpassers,
which may potentially predict failure of MET, however,
their role need to be further studied.
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