
O R I G I N A L  R E S E A R C H

Clinical and Radiological Predictors of Early 
Intervention in Acute Ureteral Colic

Faris Abushamma 1,2 

Mahfouz Ktaifan 1 

Abdoh Abdallah 1 

Mohammad Alkarajeh 1 

Mosab Maree 1,3 

Ahmed Awadghanem1,3 

Ahmad Jaradat 1,2 

Amir Aghbar 1,2 

Sa’ed H Zyoud 4,5 

Francis X Keeley Jr 6

1Department of Medicine, College of 
Medicine and Health Sciences, An-Najah 
National University, Nablus, 44839, 
Palestine; 2Department of Urology, An- 
Najah National University Hospital, Nablus, 
44839, Palestine; 3Department of Radiology, 
An-Najah National University Hospital, 
Nablus, 44839, Palestine; 4Department of 
Clinical and Community Pharmacy, College 
of Medicine and Health Sciences, An-Najah 
National University, Nablus, 44839, 
Palestine; 5Clinical Research Center, An- 
Najah National University Hospital, Nablus, 
44839, Palestine; 6Bristol Urological 
Institute, North Bristol NHS Trust, 
Bristol, UK 

Purpose: Acute ureteric colic (AUC) is generally one of the most common reasons for 
emergency department attendance. Expectant management is recommended in non- 
complicated ureteral calculi. However, data regarding the optimal duration of observation 
or indications of early intervention (EI) are not well understood. This article describes the 
clinical and radiological factors that promote EI in AUC.
Patients and Methods: This was an observational and retrospective cohort study. Patients 
with AUC diagnosed based on non-contrast computerized tomography (NCCT) between 
2019 and 2020 were enrolled in the study. These patients were classified into two main 
categories: spontaneous passage of stone (SSP) and EI. In addition, a comparative analysis 
was performed to identify clinical and radiological variables that promote EI.
Results: One-hundred and sixty-one patients were included. High WBCs are associated with 
a significant increase in EI. Forty-three percent (n=37) of patients with serum WBCs higher 
than 10 had an EI, while 23% had SSP (n=17;p<0.001). High CRP level is also significantly 
associated with EI (n=36; 86%; p<0.001). Upper and middle ureteral calculi are statistically 
associated with EI (n=54; 62%) in comparison to the SSP cohort (n=22; 30%;p<0.001). EI is 
also linked to the maximal length of ureteric calculi (MCL) of 9 mm (6–13mm), and HU 
density of stone of 700 (430–990) H.U (p<0.001). Ureteric stone volume of 0.2 (0.06– 
0.3) cm3 is significantly associated with EI (p<0.001). Ureteral wall thickness of 3 (2–3 mm), 
the presence of extrarenal pelvis (n=20; 23%), and AP diameter of renal pelvis 18 (13– 
28 mm) are all significantly associated with a higher rate of EI (p<0.001). Multiple binary 
logistic regression analysis showed that MCL is the strongest predictor of EI.
Conclusion: MCL is an independent and robust predictor of EI in AUC. Biochemical 
variables and radiological characteristics can also act as an adjunct to promote EI.
Keywords: ureteral calculi, medical expulsive therapy, spontaneous stone passage, maximal 
length of ureteral calculi, pyonephrosis

Introduction
Acute ureteral colic (AUC) is one of the most common encounters in the emer-
gency department, usually associated with significant pain and symptoms such as 
nausea and vomiting.1,2 AUC mandates prompt evaluation and management, initi-
ally by emergency physicians, in the form of resuscitation, analgesia, and ordering 
imaging studies to confirm the diagnosis.3 Non-contrast computerized tomography 
(NCCT) is currently considered the standard method of diagnosis in AUC. NCCT 
shows the site and size of ureteral calculi with high sensitivity and detects some 
variables that may influence treatment decisions, such as secondary signs of infec-
tion, degree of obstruction, and other concomitant pathologies or complications.4,5 
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The presence of complications in AUC such as fever, renal 
failure, and obstructed single kidney is a well-established 
indication for emergency intervention.6 The guidelines 
recommend observation and conservative measures in the 
absence of complications.7 Nevertheless, some patients do 
not meet the criteria for emergency intervention but need 
prioritisation and fast-track referral to urology for possible 
early intervention (EI).8 There is no consensus regarding 
the group of patients who require fast-tracking and may 
benefit from EI. A few articles were published to predict 
medical expulsive therapy (MET) success in AUC and 
others to show variables that promote emergency interven-
tion within 24–48 hours.9 The SUSPEND trial showed no 
apparent benefit of MET in AUC. The MIMIC study 
showed that stone size and position are essential predictors 
for spontaneous stone passage (SSP) without real benefit 
from MET.10,11 Thus, the standard of care in non- 
complicated AUC is to wait for spontaneous passage for 
up to 40 days, with a high chance of possible intervention 
in ureteral stones larger than 5 mm regardless of the usage 
of MET.12 This grey zone of observation that is highly 
variable regarding time until stone passage, intervention 
rate, and risk of serious complications encouraged us to 
study clinical and radiological factors that promote EI. 
Knowing these factors allows emergency physicians, gen-
eral practitioners, and urologists to identify candidates for 
prompt EI. Early recognition of such a cohort of patients 
decreases recurrent visits to the emergency department, 
avoids possible complications associated with the delayed 
intervention, and saves patients who are unlikely to pass 
the stone spontaneously from the unnecessary lengthy 
journey.

Patients and Methods
Study Design
A retrospective cohort study recruited selected patients 
who had presented to the emergency department 
with AUC.

Study Setting
This study was held at our tertiary university hospital 
between April 2019 and May 2020.

Study Population and Sampling
We recruited patients who presented to the emergency 
department complaining of AUC and had confirmatory 
NCCT of ureteric stone. Follow-up clinic notes at 4–6 

weeks were reviewed to measure the outcome. The out-
come was divided into two main groups:

1. Group 1: SSP on MET at the time of follow-up 
clinic: this group included patients who noticed 
their stones passing spontaneously, had no symp-
toms and no visible stone on X-ray, or no hydrone-
phrosis on ultrasonography. The medication used 
was Tamsulosin 0.4 mg.

2. Group 2: EI prior to the follow-up clinic: this group 
included patients who had EI in the form of percu-
taneous nephrostomy, ureteroscopy or ureteral stent 
due to fever, progressive acute kidney injury (glo-
merular filtration rate (eGFR) less than 60 mL/min), 
or recurrent visits to the emergency department.

Inclusion and Exclusion Criteria
Inclusion Criteria

1. A ureteral calculus proven by an NCCT scan.
2. Follow-up clinic data available within six weeks of 

discharge from the emergency department.

Exclusion Criteria
1. Ultrasound- or X-ray-based diagnosis of ureteral 

stone.
2. Complicated ureteric stone such as sepsis, or eGFR 

less than 30 mL/min.
3. Single anatomical or functional kidney.
4. Age less than 18 years old.

Data Collection
Patient demographics and clinical variables: These include 
clinical assessment, blood tests (complete blood count 
[CBC], C-reactive protein (CRP), kidney function test 
(serum creatinine [Sr Cr] and eGFR), and urine analysis.

Radiological characteristics: Based on NCCT, radiolo-
gical variables were prospectively and independently col-
lected by two radiologists, AG and MM, who were blinded 
to the initial report. No training for consensus measure-
ment between the readers was performed. The radiologists 
were blinded to the clinical data and the outcome.

Radiological Variables Classification
Stone Burden and Location
Location of ureteral calculi: Ureteral calculi location is 
classified into upper (above the sacroiliac joint), middle 
(overlying the sacroiliac joints), and lower (below sacroi-
liac joint).13,14
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Maximal length of ureteral calculi (mm) (MCL): 
Measured by taking the longest diameter of the stone 
after calculating it on the three different dimensions (hor-
izontal, axial, and sagittal) relative to the main axes of the 
patient's body, in a standardized bone window and using 
1 mm thickness.13,14

Ureteral stone volume (cm3): Calculated using 
a particular program on the PACS system.

The presence of multiple ureteral calculi: Defined as 
the presence of more than one stone in the same ureter.

Hounsfield unit density of ureteral calculi (HU den-
sity): Using the largest possible area density of the stone 
on different planes.15

Radiological Signs of Potential Infection
HU density of the hydronephrotic region of the affected 
kidney: A value of 10 or more is considered a potential 
sign of infected hydronephrosis or pyonephrosis.16

Grade of perinephric stranding: Our radiologists, AG 
and MM, have created a novel classification of the 
degrees of perinephric stranding based on the level of 
spreading: grade 0 (no stranding), grade 1 (stranding con-
fined to the stone area), grade 2 (stranding extending 
proximally along the ureter but not reaching the kidney), 
grade 3 (stranding extending to fat surrounding the 
affected kidney), grade 4 (extensive perinephric stranding 
involving most of Gerota’s fascia with significant thicken-
ing of perinephric bridging septa), and grade 5 (perineph-
ric collection).

Risk of pyonephrosis: Calculated by combining HU 
density of renal pelvis >10 with perinephric stranding 
grades 4 or 5.16

Anatomical Description of Urinary Tract
Ureteral wall thickness (mm) (UWT): Measured as the 
point of greatest soft-tissue thickness around the circum-
ference of the stone.17,18

Anterior–posterior diameter of the renal pelvis 
(AP mm), defined as the largest AP of the renal pelvis 
on axial NCCT, reflecting the degree of hydronephrosis.19

The extrarenal pelvis is described as a normal anatomical 
variant characterised by a renal pelvis that is predominantly 
outside the renal sinus and is larger and more distensible 
than an intrarenal pelvis surrounded by sinus fat.

Ethical Considerations
The Institutional Review Board (IRB) of An-Najah 
National University has approved this study. Because of 

the retrospective chart review, the IRB waived informed 
consent. The research was conducted in accordance with 
the Helsinki Declaration. There is no confidentiality risk 
because the analysis employed anonymized clinical data 
that cannot be connected to the patients who participated.

Statistical Analysis
ll analysis was performed with SPSS Statistics version 
21.0 (IBM). Categorical variables were presented as abso-
lute frequency (percentage). The Pearson’s chi-square test 
or Fisher’s exact test, as appropriate, were applied to 
assess the differences for categorical variables, and the 
Mann–Whitney U-test was used for continuous variables. 
P-values of <0.05 were considered statistically significant. 
Multiple logistic regression analysis was used to identify 
patients’ clinical and radiological characteristics asso-
ciated with EI in AUC. “EI in AUC (Intervention⁄SSP)” 
was used as the dependent variable in the model. Variables 
included in the regression analysis were those with statis-
tically significant p-values (<0.05) in the univariate analy-
sis but we excluded the CRP because of significant 
missing data.

Results
Patients’ Demographics and Clinical 
Presentations
Two-hundred and ninety-five records for AUC were 
reviewed; of these, 161 patients met our inclusion criteria 
and 124 (77%) were male. The median age of our sample 
was 43 (31–59 years); 87 (54%) patients had EI (group 1), 
while 74 (46%) managed to pass the stone spontaneously 
(group 2). Diabetes was present in 13 (14.9%) patients in 
group 1 and 12 (16.2%) patients in group 2 with no 
statistical difference (p>0.05). Table 1 shows patients’ 
demographics and clinical presentations.

Indications of EI and Mean Time to EI
The mean time of EI was 3.6 (1–37 days). Indications of 
EI were: developing fever (n=7; 8.04%); progressive acute 
kidney injury (eGFR<60) (n=26; 29.88%); and AUC 
refractory to standard analgesics, in addition to recurrent 
visits to emergency department (n=54; 62.06%).

Patients’ Clinical Characteristics for EI
High white blood cell (WBC) count and high CRP are 
significantly associated with EI. Thirty-seven patients 
(43%) with serum WBCs higher than 10 had an EI while 
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17 (23%) had SSP (p=0.016). High CRP levels were sig-
nificantly associated with a higher rate of EI (n=36; 86%) 
(p=0.004). Table 2 shows different clinical variables cor-
related with both groups.

Radiological Characteristics for EI
Stone Burden and Location
Location of Ureteral Calculi 
Stone location was significantly associated with EI. Upper and 
middle ureteral calculi were statistically associated with EI 
(n=54; 62%) in comparison to upper and middle ureteral 
stones associated with SSP (n=22; 30%; p<0.001). The pre-
sence of lower ureteral calculi was significantly associated 
with SSP (n=52; 70%) while less likely to require EI (n=33; 
38%;p<0.001). See Table 3A.

MCL) 
MCL was significantly associated with EI. For example, 

median MCL of 9 mm (6–13 mm) was statistically asso-
ciated with EI, and median MCL of 5 mm (3–6 mm) 
was associated with SSP (p<0.001).

Ureteral Stone Volume (cm3) 
Ureteral stone volume of 0.2 [0.14–0.5] cm3 was significantly 
associated with EI and ureteral stone volume of 0.096 (0.04– 
0.2) was associated with SPP (p<0.001).

Presence of Multiple Ureteral Stones 
Multiple ureteral stones were associated with EI in 22 
patients (25%) and stones were less likely to pass sponta-
neously in 5 patients (7%) (p=0.002).

Hounsfield Unit Density of Ureteral Calculi (HU Density) 
HU density of 800 [500–1100] was statistically correlated 
to EI, while HU density of 565 (397.5–850) was more 
likely to have SSP (p<0.001).

Table 1 Patients’ Demographics and Clinical Presentations

Demographics Frequency (%) or Median [Q1– 
Q3] N=161

Group 1: Early Intervention (EI) 
n=87 (%)

Group 2: SSP on MET 
n=74 (%)

p-value

Patient gender 0.133a

Female 37 (23%) 16 (18.4%) 21 (28.4%)
Male 124 (77%) 71 (81.6%) 53 (71.6%)

Patient age 43 [31–59] 48 [33–60] 39 [29.7–59.3] 0.151b

Site of pain 0.576a

Right 80 (49.7) 45 (51.7%) 35 (47.3%)

Left 81 (50.3) 42 (48.3%) 39 (52.7%)

Diabetes Mellitus 25 (15.5) 13 (14.9%) 12 (16.2%) 0.824a

Notes: aStatistical significance values calculated using Pearson’s chi-Square test. bStatistical significance values calculated using Mann–Whitney U-test

Table 2 Patients’ Clinical Variables Correlated to Both Groups

Clinical 
Variables

Frequency (%) or Median [Q1– 
Q3] N=161

Group 1: Early Intervention (EI) 
n=87 (%)

Group 2: SSP on MET 
n=74 (%)

p-value a

WBC classification 0.016b

<10 107 (66.5) 50 (57.5%) 57 (77.0%)

10–15 46 (28.6) 30 (34.5%) 16 (21.6%)

>15 8 (5.0) 7 (8.0%) 1 (1.4%)

CRP e 0.004c

Normal 27 (16.8) 6 (14.3%) 21 (42.0%)

Abnormal 65 (40.4) 36 (85.7%) 29 (58.0%)

Nitrite (negative) 160 (99.4) 86 (98.9%) 74 (100.0%) >0.999c

Serum creatinine 
(Sr Cr)

0.98 [0.84–1.3] 1.08 [0.8–1.4] 0.9 [0.9–1.1] 0.143d

Notes: aThe bold values indicate p<0.05. bStatistical significance values calculated using Fisher’s exact test. cStatistical significance values calculated using Pearson’s chi-square 
test. dStatistical significance values calculated using Mann–Whitney U-test. en = 92.
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Table 3 Radiological Variables Classification Correlated to Both Groups

Radiological Variables Frequency (%) or Median 
[Q1–Q3] N=161

Group 1: Early 
Intervention (EI) n=87 

(%)

Group 2: SSP on 
MET n=74 (%)

p-value a

A. Stone Burden and Location

Laterality 0.381b

Right 80 (49.7) 46 (52.9%) 34 (45.9%)
Left 81 (50.3) 41 (47.1%) 40 (54.1%)

Location of ureteral calculi <0.001c

Upper 60 (37.3) 42 (48.3%) 18 (24.3%)

Middle 16 (9.9) 12 (13.8%) 4 (5.4%)
Lower 85 (52.8) 33 (37.9%) 52 (70.3%)

Maximal length of ureteral calculi 
(mm) (MCL)

6 [4–9] 9 [6–13] 5 [3–6] <0. 001d

Ureteral stone volume (cm3) 0.2 [0.06–0.3] 0.2 [0.14–0.5] 0.096 [0.04–0.2] <0. 001d

The presence of multiple ureteral 

stones

0.002b

No 134 (83.2) 65 (74.7%) 69 (93.2%)

Yes 27 (16.8) 22 (25.3%) 5 (6.8%)

Hounsfield unit density of ureteral 

calculi (HU density)

700 [430–990] 800 [500–1100] 565 [397.5–850] <0. 001d

B. Radiological Signs of Potential Infection

HU density of hydronephrotic region 
of the affected kidney

0.533b

<10 116 (72.0) 61 (70.1%) 55 (74.3%)
≥10 45 (28.0) 26 (29.9%) 19 (25.7%)

Grade of perinephreic stranding 0.840b

Grade 0+1+2 71 (44.1) 39 (44.8%) 32 (43.2%)

Grade 3+4+5 90 (55.9) 48 (55.2%) 42 (56.8%)

Risk of pyonephrosis 0.527b

No evidence 140 (87) 77 (88.5%) 63 (85.1%)
Grades 4 + 5 and hydronephrosis 

density >10

21 (13) 10 (11.5%) 11 (14.9%)

C. Anatomical Description of Urinary Tract

Ureteral wall thickness (mm) 2 [2–3] 3 [2–3] 2 [2–3] 0.010d

Anterior–posterior (AP) diameter of 

renal pelvis (mm)

15 [11–25] 18 [13–28] 14 [10–21] 0.001d

The presence of extrarenal pelvis 0.042b

No 133 (82.6) 67 (77.0%) 66 (89.2%)
Yes 28 (17.4) 20 (23.0%) 8 (10.8%)

Notes: aThe bold values indicate p<0.05. bStatistical significance values calculated using Pearson’s chi-square test. cStatistical significance values calculated using Fisher’s exact 
test. dStatistical significance values calculated using Mann–Whitney U-test.
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Radiological Signs of Potential Infection
HU Density of the Hydronephrotic Region of the 
Affected Kidney
There was no statistical difference between the two groups 
in the prospect of HU density of renal pelvis fluid. HU 
density more than 10 was found in 26 patients (30%) in 
group 1 (EI) and in 19 patients (26%) in group 2 (SSP), 
with no statistical difference (p>0.05). See Table 3B.

Grade of Perinephric Stranding
High grade of perinephric stranding (grades 3, 4 and 5) 
was not associated with risk of EI. Perinephric stranding 
(grades 3–5) was found in 48 patients (55%) in group 1 EI 
and in 42 patients (57%) in group 2 (SSP), with no 
statistical difference (p>0.05).

Risk of Pyonephrosis
The calculated potential risk of pyonephrosis was not sta-
tistically associated with an increased risk of EI. Risk of 
pyonephrosis was found in 10 patients (12%) in group 1 
(EI) and in 11 patients (15%) in group 2 (SSP), with no 
statistical difference (p > 0.05).

Anatomical Description of Urinary Tract
Ureteral Wall Thickness (mm) (UWT)
Median UWT of 3 (2–3 mm) was significantly associated 
with EI, and UWT of 2 (2–3 mm) was associated with SSP 
(p=0.010). See Table 3C.

Anterior–Posterior Diameter of the Renal Pelvis 
(mm) (AP mm)
AP diameter of 18 (13–28 mm) was significantly asso-
ciated with EI, while AP diameter of 14 (10–21 mm) 
was associated with SSP (p=0.001).

Presence of Extrarenal Pelvis
Extrarenal pelvis (n=20; 23%) was significantly associated 
with EI while absence of extrarenal pelvis was statically 
associated with SSP (n=66; 89%) (p=0.042).

Multivariable Logistic Regression Analysis
Table 4 shows multiple binary logistic regression analyses, 
using EI in AUC (with intervention versus SSP) as 
a dependent variable and the following factors as indepen-
dent variables: the presence of multiple stones, location of 
ureteral calculi, MCL, ureteral stone volume, AP diameter 
of the renal pelvis, WBC classification, presence of extra-
renal pelvis, HU density of stone, and UWT. This analysis 
showed that a 1 mm increase in the length of ureteral 

calculi was associated with a 23% increase in odds of EI 
in AUC (OR: 1.23, 95% CI 1.05–1.44, p=0.011).

Discussion
AUC is a common diagnosis in the emergency department, 
where emergency physicians usually manage such 
a condition according to a standard protocol of analgesia 
and resuscitation, followed by referral to urology services 
except when emergency intervention is required, such as in 
the case of an obstructed and infected kidney.20 There is 
no consensus regarding the optimal period of observation 
before surgical intervention. Nevertheless, it is estimated 
that most stones less than 5 mm will pass spontaneously 
within 40 days.21 Furthermore, the SUSPEND trial 
showed some benefits from MET in ureteral stones larger 
than 5 mm.11 However, EI may be required during this 
period of expectant management because of either failure 
of medical treatment or the development of complications 
such as sepsis or progressive kidney injury. Limited stu-
dies indicate criteria for the identification of those 
patients.22 There is no available tool or score for the 
identification of patients with stones unlikely to pass spon-
taneously. However, a cardiovascular risk assessment 
score (Framingham score) was used recently to predict 
SSP, and it was shown that a higher score is associated 
with EI.8,23 In this article, we described clinical and radi-
ological features that may aid early recognition of patients 
suitable for EI, to allow prioritisation and fast-tracking to 
urology services for close monitoring and potential EI.

Standard biochemical workup often entails slight var-
iation in AUC cases, including CBC, kidney function test, 
and CRP.24 It was previously identified that high serum 
WBCs at the time of AUC were associated with a higher 
chance of SSP.25 However, our data show that the like-
lihood of EI is positively correlated with the increase in 
WBC. For example, 43% of patients with WBC higher 
than 10 had EI, while 23% managed to pass their stone 
spontaneously.

NCCT has become the standard imaging modality to 
evaluate AUC.26 Emergency physicians can reliably iden-
tify ureteral calculi and some renal abnormalities based on 
NCCT.27 Therefore, NCCT is an essential tool used in 
emergency settings to highlight AUC patients who need 
EI. Stone size and location are well-known and established 
variables to predict SSP in AUC since the introduction of 
NCCT to diagnose kidney stones.13,28 There is consensus 
in the literature that lower and smaller ureteral calculi are 
significantly associated with high SSP.13,14 Our data agrees 
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with the current evidence, which states that stone size and 
an MCL of 9 mm6–13 is more likely to require EI while 
stones with an MCL of 5 mm or less are more likely to 
pass spontaneously. Upper and middle ureteral calculi are 
also more likely to need EI, as 62% had EI while 29% had 
SSP. Surprisingly, the HU density of ureteral calculi 
appears to affect stone passage, as the mean attenuation 
of 700 [430–990] is positively related to EI. Thus, theore-
tically, harder stones are more likely to require EI.29 

However, the HU density of stones failed to predict 
stone composition in vitro, and calculus radiodensity 
increased alongside the stone volume regardless of 
composition.15 Thus, this observation requires further clar-
ification based on obtaining stone analysis for both groups 
and comparison with HU density.

Stone impaction markers, radiological signs of poten-
tial infection, and degree of obstruction have been 
a trending question in the literature since the adoption of 
NCCT as the modality of choice to evaluate ureteral 
calculi.16,22 Several published articles studied the value 

of such signs in the prospect of diagnosis in complicated 
ureteral calculi, duration of stone impaction, and the pre-
sence of underlying ureteral abnormalities such as stric-
tures and polyps.30,31 We found that the extrarenal pelvis, 
AP diameter of the renal pelvis, and UWT are significantly 
associated with EI. A higher degree of renal pelvis disten-
tion represented by an AP diameter of 18 mm13–28 is 
significantly associated with EI. The significance of the 
dilatation of the renal pelvis and the degree of hydrone-
phrosis has previously been studied. There is strong evi-
dence that moderate to severe hydronephrosis is associated 
with a low stone-free rate even with intervention.19 UWT 
of 3 mm or higher, a stone impaction marker, is positively 
correlated with EI. This is supported by the available 
evidence, which showed that UWT could serve as 
a potential predictive factor for SSP if UWT is less than 
2.3 mm and may help physicians identify patients who 
require EI, especially if UWT is more than 
2.71 mm.17,18,22 Lastly, there is controversy in the litera-
ture regarding the role of ureteral diameter and the relation 

Table 4 Patients’ Clinical and Radiological Characteristics Associated with Early Intervention in Acute Ureteral Colic by Using 
Multiple Binary Logistic Regression Model

Variable B SE Wald p-value a Odds Ratio with 95% CI

WBC classification 0.21

<10 0.23 0.892 Ref.

10–15 0.45 0.22 0.640 1.24 (0.51–2.99)
>15 0.22 1.24 0.03 0.860 1.24 (0.11–14.04)

The presence of multiple ureteral stones Ref.
No 1.23 (0.30–5.01)

Yes 0.21 0.72 0.08 0.774

Location of ureteral calculi

Lower 4.74 0.093 Ref.
Middle 1.30 0.71 3.38 0.066 3.65 (0.92–14.53)

Upper 0.71 0.43 2.70 0.100 2.03 (0.87–4.74)

Maximal length of ureteral calculi (mm) (MCL) 0.21 0.08 6.49 0.011 1.23 (1.05–1.44)

Ureteral stone volume (cm3) 0.91 1.08 0.71 0.399 2.49 (0.30–20.71)

Anterior–posterior (AP) diameter of renal pelvis (mm) 0.00 0.02 0.03 0.853 1.00 (0.95–1.04)

The presence of extrarenal pelvis

No Ref.

Yes −0.02 0.64 0.00 0.971 0.98 (0.28–3.40)

Hounsfield unit density of ureteral calculi (HU density) 0.00 0.00 0.12 0.734 1.00 (1.00–1.00)

Ureteral wall thickness (mm) 0.36 0.28 1.67 0.196 1.44 (0.83–2.48)

Constant −2.98 0.85 12.29 0.000

Note: aThe bold values indicate p<0.05. 
Abbreviations: CI, confidence interval; β, coefficient of predictor variables; SE, standard error.
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between ureteral and stone diameter in the prospect of 
SSP.23,32 This study supports the idea that the increase in 
UWT and the dilatation of the urinary tract above the level 
of obstruction decrease the chance of SSP and promote EI.

Multiple binary logistic regression analysis shows that 
MCL is an independent and robust predictor of EI in AUC. 
MCL of 6 mm or more is strongly associated with EI and 
decreased likelihood of spontaneous stone passage.33 Each 
1 mm increase in the length of ureteral calculi was associated 
with a 23% increase in EI probability in AUC. These findings 
support the previously published evidence that MCL and 
related stone volume directly pertain to the SSP rate.14,34

Strength and Limitations
Although this is the first cohort study in the Arab world, 
we have encountered a few limitations. The retrospective 
nature of this study and the possibility of missing some 
patients are considered the main limitations of this study. 
Furthermore, the lack of a standard protocol for interven-
tion and the concept that clinicians were not blinded to the 
size of the stone are also potential reasons for clinical bias 
as treating physicians may have a lower threshold for 
intervention in larger and higher stones. However, in the 
absence of randomized clinical trials, this article represents 
real-life practice. Despite having a significant correlation 
of EI with raised CRP, however, 43% of our cohort did not 
have an available CRP.35,36 Nevertheless, given these pro-
mising findings and predictors of EI in AUC, we have 
started a prospective, national, and multicentre trial to 
validate all factors with a view to developing a scoring 
model to predict EI in AUC.

Conclusions
Stone size is an independent and robust predictor of EI in 
AUC, with a noticeable increase in EI with each 1 mm 
increase in length. Therefore, an MCL of 6 mm or more is 
significantly associated with EI in the period of expectant 
management of non-complicated symptomatic ureteral cal-
culi. Biochemical factors and several other radiological 
features based on NCCT are adjunct triage tools to identify 
patients suitable for EI.
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