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Abstract

The purpose of our study is to analyze the definitive relation of C-reactive protein (CRP) and other factors with the spontane-
ous stone passage in patients with distal ureteric calculus of 5-10 mm and to calculate the risk of failure of expectant man-
agement in patients. 185 patients of ureteric colic, who were subjected to medical expulsive therapy (MET), were included
prospectively from August 2016 to May 2018 and followed up for 4 weeks. Patients were divided into two groups. Group A
included successful spontaneous passage patients and group B included failure in the same. The parameters analyzed were
age, gender, longitudinal and transverse diameter of stone, CRP, total leucocyte count, ureteric diameter and hydrouretero-
nephrosis (HUN). We performed univariate and multivariate analysis. Receiver operating characteristics curve was used to
determine the cutoff value for significantly associated variables. 122 (65.90%) and 63 (34.10%) patients were included in
group A and B, respectively. In univariate analysis, CRP, longitudinal and transverse diameter of stone, HUN, proximal and
distal ureteric diameters were statistically significant. However, in multivariate analysis, only negative CRP (p = 0.002),
smaller longitudinal diameter of stone (p < 0.001) and absence of HUN (p = 0.005) were significantly associated with suc-
cessful expulsion. Cutoff for CRP was 0.41 mg/dl and longitudinal diameter was 6.7 mm. The success rate in the group of
patients with no risk factor was 96.7% and with all three risk factors was 16.7%. Patients with a longitudinal diameter of
stone > 6.7 mm, HUN, and CRP > 0.41 mg/dl should be considered for early intervention. The success rate of MET can be
increased to 86% after exclusion of patients with all three risk factors.

Keywords Ureteric calculus - Spontaneous passage of stones - C-reactive protein - Longitudinal diameter of stone -
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Introduction

Ureteric colic is one of the common emergencies with a
lifetime prevalence of 10-15% and ureteric calculus con-
stitutes 20% of all stone diseases in urology [1, 2]. Medical
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expulsive therapy (MET), shock wave lithotripsy and ure-
teroscopic lithotripsy are available modalities of treatment
for ureteric calculi. If the pain is manageable and there is
no infection or renal failure, expectant management with
MET can be the first-line treatment within a reasonable time
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frame. However, the failure rate of expectant management is
about 30-40% which can make a patient endure symptoms
for a longer period of time with no benefit [3]. The superi-
ority of alpha-blockers compared to other medications has
been proved in reducing colic episodes and in successful
stone expulsion [4]. Parameters which affect spontaneous
expulsion have been studied extensively. Size and location
of stone are the most accepted ones in clinical practice [4,
5]. There could be some other parameters which can play an
important role in predetermination of success rate and these
can guide urologists for appropriate selection of patients.
These hidden factors can be related to the inflammatory
reactions which are produced by the calculus. Various stud-
ies have been done on inflammatory markers level. However,
their relation to spontaneous stone passage is not consistent
and reproducible. C-reactive protein (CRP) is an acute phase
protein which is synthesized in the liver. Its level rises in
various conditions like renal tubular injury, pyelonephritis
and vesicoureteral reflux. It can be useful in prediction of
failure of expectant management and in the selection of an
appropriate patient for the same. The aim of our study is to
analyze the definitive relation of CRP and other factors with
the spontaneous stone passage in patients with distal ureteric
calculus of 5-10 mm and to calculate the risk of failure of
expectant management in an index patient with pre-defined
parameters.

Materials and methods

The present study is a prospective clinical study conducted
in the Department of Urology, Jawaharlal Institute of Post-
graduate Medical Education and Research (JIPMER) from
August 2016 to May 2018 with clinical trial registration
number CTRI/2018/04/012974. The approval from the
Institute Ethics Committee (Human Studies) was obtained
for the study. The sample size is estimated both for estimat-
ing the simultaneous stone expulsion and also identifying
the association of stone expulsion with CRP. The expected
percentage of patients with non-expulsion was 25% and the
sample size is estimated at 5% level of significance and 25%
relative precision. Final estimated size was 185.

Patients of 18-50 years of age with acute colicky pain due
to maximal 5-10 mm size lower ureteric calculi confirmed
by non-contrast CT of kidney, ureter, and bladder (NCCT
KUB) were included in the study. We excluded patients
with pregnancy, solitary kidney, impaired renal function,
who wished to remove the stone immediately. Patients who
were suffering from any inflammatory disease (viral infec-
tion, arthritis, gastroenteritis, hepatitis, or respiratory infec-
tion), cardiovascular disease, obesity, diabetes, and lost to
follow-up were also excluded from the study.
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Patients with flank pain were initially screened with X-ray
KUB and ultrasound (USG) KUB and subsequently under-
went NCCT KUB to confirm the diagnosis. Blood sample
for complete blood counts (CBC) and CRP was drawn at
the time of presentation. We prescribed Tamsulosin 0.4 mg
for 4 weeks and a nonsteroidal anti-inflammatory drug
(NSAIDs) for 5 days as MET and for pain relief, respec-
tively. CRP levels were estimated at initial presentation
prior to starting NSAIDs (NSAIDs are known to reduce the
CRP). It was measured by dilution method using a latex
agglutination test, RHELAX CRP (TULIP Diagnostics Ltd.,
India). Normal CRP level in our laboratory is 0.6 mg/dl. A
level above 0.6 mg/dl was considered as positive. Stand-
ardization of detection limit of RHELAX-CRP is traceable
to the WHO, international reference standard (85/506) for
human CRP. Assays were performed at JIPMER Hospital
Laboratory.

We reassessed all patients at 2 weeks and at 4 weeks in
terms of symptoms, X-ray, USG KUB and if needed by
NCCT KUB. Persistent stone at 4 weeks is classified as a
failure of conservative management and planned for defini-
tive surgical treatment. The patients evaluated in the study
were divided into two groups, namely, group A patients with
spontaneous expulsion of stone and group B patients who
failed to pass the stone and required surgical intervention.
We compared age, gender, stone size in the axial and coronal
section of NCCT, CRP, blood urea, creatinine, total leuco-
cyte count (TLC), kidney size, HUN, and renal parenchymal
thickness.

HUN was defined as AP renal pelvic diameter more than
6 mm in NCCT KUB.

To define risk in the index patient, we divided patients
according to the number of significant factors and the esti-
mated success rate in each group.

Statistical analysis

Continuous data were checked for normality by one-sample
Kolmogorov—Smirnov test. The comparison of the age,
stone size, kidney size, renal parenchymal thickness, CRP
and other continuous variables mentioned above in relation
to the categorical variables was carried out using independ-
ent Student’s ¢ test/Mann—Whitney U test. The association
of spontaneous stone expulsion with categorical variables
like HUN, gender, and laterality had been carried out using
the Chi-square test. The predictive power of the significant
continuous variable for the stone expulsion was carried out
using the receiver operating characteristic (ROC) curve. The
independent factors associated with the simultaneous stone
expulsion explored using logistic regression analysis. All
statistical analyses were performed using SPSS version 19 at
5% level of significance and p value < 0.05 was considered
as significant.
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Results

Among 185 patients, the mean age was 34.36 years with a
male to female ratio of 2.3:1.

Overall 122 (65.90%) patients successfully passed the
stone and were included in group A. 63 (34.10%) patients
who failed to pass the stone required further intervention
and were included in group B. Out of 52 CRP-positive
patients, 28 (53.84%) failed to pass the stone. Similarly,
in 133 CRP-negative patients, 98 (73.60%) patients suc-
cessfully passed the stone.

In group B, 47 patients underwent elective uretero-
scopic stone removal after 4 weeks. Of the remaining,
seven patients presented with fever and nine with refrac-
tory recurrent colic underwent DJ stenting in emergency
and they finally underwent ureteroscopic lithotripsy
electively.

Table 1 Showing comparison of parameters between two groups

Table 1 demonstrates the comparison of parameters
between the groups. Hydroureteronephrosis, level of CRP,
transverse and longitudinal diameter of stone, ureteral
diameter proximal and distal to stone were significantly
higher in group B.

In multivariate analysis, low CRP (p = 0.002), smaller
longitudinal diameter of stone (p < 0.001) and the pres-
ence of hydroureteronephrosis (p = 0.005) were significantly
associated with successful stone expulsion (Table 2).

We used ROC curve to determine the cutoff value of CRP
and longitudinal diameter of stone for prediction of failure
(Figs. 1, 2). For CRP, we calculated cutoff of 0.41 mg/dl
at 82% sensitivity and 78% specificity. Similarly for longi-
tudinal diameter, the calculated cutoff was 6.7 mm at 90%
sensitivity and 71% specificity.

On the basis of number of significant factors, we divided
all patients into four groups and estimated success rate
in each group (Table 3). In the group of patients with no
risk factor, the success rate was 96.7%, similarly 96.3% in

Variables Group A Group B Significance
Total number of patients 122 63
Median age (range) 32.50 (18-50) 37 (19-50) 0.127
Gender (M:F) 2.30:1 2.15:1 0.754
Laterality (right:left) 70:52 35:28 0.813
TLC (mean with SD) 9034 (2160) 9254 (2597) 0.543
Median urea (range) 23 (11-44) 22 (11-92) 0.713
Median creatinine (range) 1.00 (0.58-1.8) 1.10 (0.74-3.24) 0.148
CRP in mg/dl 0.3 0.55 < 0.001*
Kidney size in mm (SD) 96.82 (8.83) 96.31 (9.48) 0.717
Renal parenchymal thickness at midpole in mm (range) 27.75 (16-36) 26 (18-34) 0.279
Hydroureteronephrosis 61.50% 85.70% 0.001*
Longitudinal diameter of stone 6 (5-10) 8 (5-10) < 0.001*
Transverse diameter of stone 5 (5-8.6) 7 (5-10) < 0.001*
Ureteral diameter proximal to stone (range) 7.95 (3.30-15.90) 8.70 (5.70-16.20) < 0.001*
Ureteral diameter distal to stone in mm 5.7 (2.5-10.40) 6.3(2.40-9.80) < 0.001*
Group A patients who passed stones spontaneously after MET
Group B patients who did not pass stone spontaneously after MET
*Statistical significance
Table 2 Multivariate analysis Variables Odds ratio Confidence interval Significance
CRP 3.35 1.58-7.08 0.002*
Hydroureteronephrosis 5.69 1.71-18.90 0.005*
Longitudinal diameter of stone 2.34 1.55-3.52 < 0.001*
Transverse diameter of stone 1.56 0.97-2.49 0.062
Ureteral diameter proximal to stone 0.961 0.73-1.25 0.77
Ureteral diameter distal to stone 1.21 0.81-1.81 0.33

*Statistical significance
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Fig.1 ROC curve for C reactive protein (AUC = 0.820, p < 0.001) to
determine the cut-off value for prediction for the failure of the sponta-
neous expulsion of stone
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Fig.2 ROC curve for the longitudinal diameter of stone (AUC =
0.851, p < 0.001) to determine the cut-off value for prediction for the
failure of the spontaneous expulsion of stone
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patients with a single risk factor, 62.3% in patients with two
risk factors and 16.7% in patients with all three risk factors.
The adjusted success rate after removal of patients with all
three risk factors was 85.40%.

Discussion

In clinical practice, a noninvasive approach is preferred
over invasive one. There is a dispute in decision making
for the management of lower ureteric calculus, especially
for patients with stone size less than 10 mm. The failure
rate of MET may be a strong reason behind this. Assigning
a patient to MET for ureteric calculi can sometimes make
a patient endure symptoms with no benefits. These patients
have to live with the obstructed urinary tract. This can lead
to irreversible renal damage.

The success rate of MET in our study was 65.9%, which
is comparable to other similar studies [6—10].

Ureteroscopic lithotripsy (URSL) is the most preferred
invasive treatment with a success rate of up to 93% [11].
However, URSL has its own complications and is more
expensive than expectant management. Hence, the challenge
is to identify those patients who are at greatest risk of failure
of MET so that they can undergo early intervention.

It is well known that the level of CRP increases with age;
hence, we excluded patients older than 50 years [12]. How-
ever, we did not find any association of age with expulsion.
Some studies have found that stone expulsion rate decreases
with age and hypothesized that older age leading to a sed-
entary lifestyle can decrease ureteric peristalsis similar to
esophageal peristalsis [13].

TLC is one of the markers of inflammation and showed
significant association with CRP level. However, its associa-
tion with expulsion was not found to be significant in the
present study. Sfoungaristos et al. [14] found leukocytosis in
patients with spontaneous expulsion. On the contrary, Park
et al. [15] and Lee et al. [16] found that a higher percent-
age of neutrophils and higher neutrophil to lymphocyte ratio
were associated with failure of expulsion. For better inter-
pretation, it is imperative to consider TLC along with other
clinical features.

Miller et al. [17] reported a higher expulsion rate in right-
sided stone owing to the caudal location of the right kidney.
On the other hand, Sfoungaristos et al. [5] demonstrated that
left-sided stones are more prone to pass spontaneously owing
to fewer attachments of the left ureter with peritoneum when
compared to its right counterpart resulting in greater mobil-
ity. All these contradictory findings may suggest dependency
on anatomical variations rather than laterality.

CRP is a nonspecific marker of inflammation synthesized
in the liver. It rises in inflammatory conditions like appen-
dicitis, cystitis and UTI [18-20]. Ureteric calculus produces
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Table 3 Association of
significant risk factors and
spontaneous expulsion of stones

Pa

tients with

No risk factor

One risk factor  Two risk factors  Three risk factors

Number of patients
Spontaneous expulsion of stone
Failure of expulsion

30 54 53 48
29 (96.7%) 53 (96.3%) 32 (62.3%) 8 (16.7%)
1 (3.3%) 1 (3.7%) 21 (37.7%) 40 (83.3%)

CRP > 0.41 mg/dl, presence of HUN and longitudinal diameter of stone > 6.7 mm

inflammatory changes in the ureter leading to a rise in its
serum level. This is well correlated with the intensity of
inflammation which is determined by the degree of obstruc-
tion. In severe inflammatory conditions like pyelonephritis,
CRP is seen to rise by 20 times the normal value and such
patients need an early intervention [21].

In our study, we used CRP as a novel parameter for deci-
sion making whenever there is an ambiguity viz. expectant
management or early intervention.

Ozcan et al. [13] concluded that the patients of lower ure-
teric calculi of size 4-10 mm with high CRP level were sig-
nificantly associated with failure of expulsion with a cut off
value of 0.506 mg/dl. Aldagadossi [22] calculated the cutoff
at 2.19 mg/dl.

Hada et al. [23] analyzed the association of CRP with
stone expulsion and demonstrated that only CRP was sig-
nificantly associated with stone expulsion with the cutoff at
2.45 mg/dl. In our study, cutoff was 0.41 mg/dl. Their high
cutoff of CRP may be due to the non-exclusion of patients
with confounding factors. They have also not estimated suc-
cess rate of MET in the individual patient based on signifi-
cant factors.

In our study, 26% of patients even with negative CRP
were not able to pass the stone. All these patients had other
two significant associated parameters. It suggests that the
outcome cannot be determined by a single parameter alone.

It needs to be stressed that patients with renal colic due
to upper tract calculi, who are older than 75 years with leu-
kocytosis and high CRP (> 2.8 mg/dl), are more prone to
sepsis and require emergency urinary diversion [24, 25].

Traditionally, for all practical purposes, transverse diam-
eter of stone measured on axial sections is used for decision
making and it is well known that axial images underestimate
the size compared to coronal section [26]. In our study, we
measured longitudinal as well as the transverse diameter of
stone in coronal and axial sections, respectively. We found
that transverse diameter which is expected to be a parameter
associated with failure was not found to be statistically sig-
nificant in multivariate analysis. However, the longitudinal
diameter of stone was significantly (p = 0.001) associated
with failure with an odds ratio of 2.34. We calculated the
cutoff of 6.7 mm at sensitivity and specificity of 90% and
71%, respectively, using the ROC curve.

Lee et al. [26], in their retrospective study, demonstrated
a mean stone diameter of 6.79 mm in failure group and
5.1 mm in the success group based on longitudinal diameter
which is similar to our prospective study.

It is hypothesized that ureteral stones are cylindrical in
shape and elicit more inflammation longitudinally rather
than transversely owing to larger contact surface area with
the ureteric wall.

It is well known that severe HUN associated with long-
term obstruction secondary to large ureteric stone affects
overall renal parenchymal function and in this subset of
patients, secondary ureteral pathologies like mucosal edema
and stricture make conservative management a poor option
[27, 28].

Factors like ureteral diameter proximal and distal to
stone and transverse diameter of stone which are signifi-
cantly associated with expulsion in univariate analysis are
not found to be significant in multivariate analysis.

Till date, no study has calculated precise risk in index
patient on the basis of the aforementioned parameters
which we have considered to define the risk of failure. In
our study, after excluding patients with all three risk factors,
the adjusted success rate of MET was 85.4%. In a group of
patients with no risk factors or with single risk factor, the
success rate was more than 95%.

Limitation of our study is that the results cannot be gener-
alized to higher age group patients and patients with severe
comorbidities as CRP value has an association with other
parameters also. However, we have taken the population
in which ureteric colic is more common. To overcome this
limitation, further studies are needed in various age groups
of patients.

Conclusion

To select an appropriate management strategy, it is crucial
to predetermine the probability of spontaneous stone pas-
sage. Longitudinal diameter of stone, the presence of HUN
and higher CRP are the significant risk factors for failure of
spontaneous passage. The success rate of MET is 66% which
can be increased to 85-90% by appropriate patient selection
based on high-risk parameters. To reduce the failure rate of
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MET, patients with all three risk factors should be consid-
ered for early surgical intervention.
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