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INTRODUCTION

 Pain from nephrolithiasis is a common reason 
for visiting health care facility.1 CT scan is more 
sensitive in detection of nephrolithiasis.2,3 However, 
CT scan is associated with radiation exposure and 
a large randomized clinical trial has shown that 
using ultrasound initially results in no significant 
difference in high risk diagnoses, adverse events, 
hospitalizations, emergency department visits and 
pain scores. There was lower cumulative radiation 
exposure with ultrasound.3 Ultrasound can be 
used as an initial test in a patient with suspected 
nephrolithiasis avoiding expense and radiation 
exposure of CT scan.3-5

 It has been observed in clinical practice, that 
patients presenting with flank pain in an out-patient 
setting are worried about possibility of renal or 
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ureteric stone and often demand renal ultrasound to 
exclude that possibility. Even though ultrasound is 
cheaper than CT scan, it still adds cost and increases 
work burden of radiology department. It is unclear 
whether there are any reliable clinical features 
which can predict abnormal ultrasound findings in 
patients presenting in an out-patient setting with 
flank pain and suspicion of nephrolithiasis, thus 
obviating need for ultrasound in some patients. 
 In a study by Moore et al., STONE score based on 
five factors (male sex, short duration of pain, non-
black race, nausea or vomiting and microscopic 
hematuria) was predictive of uncomplicated 
ureteric stone on non-contrast CT scan in patients 
presenting in an emergency setting.6 However, 
there is limited information on clinical predictors of 
an abnormal ultrasound in patients presenting with 
flank pain and suspected nephrolithiasis in an out-
patient rather than emergency setting. 
 The objective of this study was  to determine 
the clinical predictors of an abnormal ultrasound 
in patients suspected to have nephrolithiasis who 
presented in an out-patient department.

METHODS

 The study was conducted at an out-patient 
nephrology department of a tertiary care facility. 
The study design was cross-sectional in nature. The 
study was conducted over a three month period 
from December 2016 till February 2017. Sampling 
methodology was non-probability consecutive 
sampling. The study was approved by institutional 
review board. Informed consent was obtained from 
each participating patient. Patients included in the 
study were 18-80 years old, who presented with 
unilateral flank or costovertebral angle pain with or 
without other clinical features suggestive of renal 
or ureteric calculus based on clinician’s judgement. 
Patients were excluded from the study if they were 
unwilling to undergo renal ultrasound. Every 
patient’s history was reviewed to obtain information 
on age, gender, location and radiation of pain, onset, 
severity and nature of pain, associated urinary and 
systemic symptoms. Patients were inquired about 
past history of nephrolithiasis, which was defined 
as history of renal or ureteric stone documented on 
radiological imaging or history of passage of stone 
in urine. Each patient was examined to document 
presence of costovertebral angle tenderness. 
Costovertebral angle tenderness was elicited by 
applying modest pressure with thumb on an area 
between 12th rib and vertebral column on the same 
side where patient was complaining of pain.

 All patients underwent renal ultrasound using 
Logiq P5 ultrasound machine (General Electric, 
Boston MA, USA) with a 3.5 MHz transducer. An 
ultrasound was considered abnormal if there was 
documented presence of renal or ureteric stone 
and/or unilateral hydronephrosis. 
Statistical Analysis: Continuous parametric 
variables were reported as means ± standard 
deviation and categorical variables were expressed 
as percentages. Categorical variables were 
compared using the chi-square test, and continuous 
variables were compared using t-test. Multivariate 
logistic regression analysis was done to determine 
predictors of an abnormal renal ultrasound. For 
multivariate analysis, all clinically relevant variables 
were included, and forward selection and likelihood 
ratios were used to determine the most efficient 
model. Adjusted odds ratios for all variables were 
calculated from the logistic regression analysis. All 
statistical analyses were performed using SPSS 20.0 
(Chicago, IL USA). For all tests, p values of <0.05 
were considered statistically significant.

RESULTS

 A total of 209 patients were included in the study. 
Of these patients, 126 (60.3%) were males and 83 
(39.7%) were females, 60 (28.7%) had prior history 
of nephrolithiasis. Ultrasound was abnormal in 
110 patients (52.9%).Demographic and clinical 
characteristics of all patients are shown in Table-I.
 A comparison of clinical and demographic 
characteristics of patients with and without 
abnormal ultrasound findings is shown in                      
Table-II. A multivariate logistic regression 
analysis of predictors of abnormal ultrasound was 
performed. Prior history of nephrolithiasis was 
the only variable significantly associated with an 
abnormal ultrasound (Adjusted odds ratio 3.3, 95% 
CI 1.67-6.5).

DISCUSSION

 In our study, we found that ultrasound was 
abnormal in over half of patients who presented with 
flank pain and suspicion of nephrolithiasis. Only 
prior history of nephrolithiasis was significantly 
associated with an abnormal ultrasound. 
 Other studies have found similar or lower 
frequency of nephrolithiasis on imaging in patients 
with suggestive symptoms. Ureteric stones were 
found in 47.7% of all CT scans in one study,7 
whereas confirmation of stone within six months 
was made in 1/3rd of patients who underwent either 
ultrasound or CT scan as an initial imaging study.3
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 In our study, we used ultrasound as a reference 
investigation despite its lower sensitivity compared 
to CT scan. For example, sensitivity and specificity 
of ultrasound are 54%-57.3% and 73%-97.5% 
respectively in identifying nephrolithiasis3,8 and 
ultrasound has been found to be less accurate in 
detection of renal stones compared to CT scan.9 

However, unilateral hydronephrosis in addition 
to finding of stone on ultrasound increases 
its sensitivity to 81.3-82.4% in identifying 
nephrolithiasis.10,11 We included finding of unilateral 
hydronephrosis with or without nephrolithiasis 
as a criteria for an “abnormal ultrasound”. Use 

of ultrasound as an initial imaging study is also 
justified based on several studies which have shown 
no difference in patient management and outcomes 
between ultrasound and CT scan in a patient with 
suspected nephrolithiasis.3,12-15 Ultrasound was 
found to be 97% sensitive in predicting need for 
surgical intervention when it showed a stone and/
or hydronephrosis in patients presenting with 
renal colic.12 In other studies, rate of urological 
intervention was significantly lower13,15 or no 
patients required admission within 30 days14 in 
those with normal results on ultrasound.
 Only prior history of nephrolithiasis was 
predictive of abnormal ultrasound finding in our 
study. In a study by Moore et al., STONE score 
based on five factors (male sex, short duration 
of pain, non-black race, nausea or vomiting 
and microscopic hematuria) was predictive of 
uncomplicated ureteric stone on non-contrast 
CT scan in patients presenting in an emergency 
setting.6 STONE score has been found to be valid 
in younger population as well.16 In our study, we 
didn’t identify any association between variables 
listed in STONE score and abnormal finding on 
ultrasound. There are several explanations for 
this. First, STONE score was derived based on 
findings on CT scan in patients visiting emergency 
department. Our study was based on an out-patient 
population, who underwent ultrasound rather than 

Abnormal ultrasound in patients with suspected nephrolithiasis

Table-I: Clinical characteristics of all patients.
Clinical Characteristics Mean (±SD) or 
  Frequency (%)
Mean Age in years 34.1±13.01
Sex
 Males 126 (60.3%)
 Females 83 (39.7%)
Location of pain
 Flank Pain 156 (75.4%)
 Costovertebral angle pain 53 (24.6%)
Radiation 
 None 85 (48.8%)
 Front 64 (30.6%)
 Groin  50 (23.9%)
 Genitalia 10 (4.7%)
Onset of pain
 Sudden  100 (47.8%)
 Gradual 109 (52.2%)
Severity of pain
 Mild to Moderate 133 (63.6%)
 Severe 76 (36.4%)
Pain Character
 Colicky 122 (58.4%)
 Continuous 87 (41.6%)
Urinary symptoms
 None 56 (26.8%)
 Dysuria 99 (47.4%)
 Frequency/urgency 39 (18.7%)
 Hematuria 15 (7.2%)
Systemic symptoms
 None 90 (43.1%)
 Nausea, vomiting 109 (52.2%)
 Fever 10 (4.7%)
Aggravating factors
 None 111 (53.1%)
 Movement 67 (32.1%)
 Rest 31 (14.8%)
Past history of renal stones
 Yes 60 (28.8%)
 No 149 (71.2%)
Findings on examination
 None 152 (72.7%)
 Costovertebral angle tenderness 57 (27.3%)

Table-II: A comparison of clinical characteristics 
of patients with and without abnormal ultrasound.

Clinical Normal Abnormal P value
characteristics Ultrasound Ultrasound
 N=99 N=110

Mean Age in years 34.3±12.9 34.5±13.2 0.97
Male Sex 60 (47.2%) 66 (52.8%) 0.98
Flank pain 71 (45.5%) 85 (54.5%) 0.36
Radiation to 59 (42%) 64 (58%) 0.69
  Front/groin/genitalia
Sudden onset of pain 48 (48%) 52 (52%) 0.81
Severe pain 39 (51.3%) 37 (48.7%) 0.36
Colicky pain 60 (49.2%) 62 (50.8%) 0.48
Any urinary 74 (48.4%) 79 (51.6%) 0.62
  symptoms 
Nausea, vomiting 55 (46.2%) 64 (53.8%) 0.76
  or fever
Aggravation by 29 (43.3%) 38 (56.7%) 0.74
  movement 
Past history of 17 (28.3%) 43 (71.7%) 0.001
  nephrolithiasis
Costovertebral 26 (45.6%) 31 (54.4%) 0.79
  angle tenderness
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CT scan. In addition, we also included patients 
with renal stones rather than patients with ureteric 
calculi alone and we assessed hematuria based 
on patient’s history only rather than microscopic 
examination. Our study demographics were also 
different compared to STONE risk derivation study. 
Another observational multi-institutional external 
validation study has put a question mark on utility 
of STONE score as its sensitivity was found to be 
only 53% and specificity was 87% for ureteric stone 
in high risk group patients.17

Limitations of the study: It was a single center study 
with sizeable but still limited study population. 
Though use of ultrasound is justified as an initial 
investigation based on existing literature, we didn’t 
have a CT scan for comparison, which is considered 
a gold standard for diagnosis of nephrolithiasis. In 
addition, there was no follow up data on further 
investigations, pain scores, emergency department 
visits or urological interventions in these patients. 

CONCLUSION

 Ultrasound was found to be abnormal in over 
half of patients with suspected nephrolithiasis. In 
the absence of any reliable clinical predictors of 
abnormal findings on ultrasound with the exception 
of prior history of nephrolithiasis, we recommend 
that use of ultrasound is justified during initial 
evaluation of these patients. Patients with prior 
history of nephrolithiasis are more likely to have an 
abnormal ultrasound specifically vindicating use of 
ultrasound in these patients.

Declaration of interest: None for all authors.

Funding:  None.

REFERENCES
1. Fwu CW, Eggers PW, Kimmel PL, Kusek JW, Kirkali Z. 

Emergency department visits, use of imaging, and drugs for 
urolithiasis have increased in the United States. Kidney Int. 
2013;83:479-486. doi: 10.1038/ki.2012.419.

2. Ulusan S, Koc Z, Tokmak N. Accuracy of sonography 
for detecting renal stone: comparison with CT. J Clin 
Ultrasound. 2007;35:256-261.

3. Smith-Bindman R, Aubin C, Bailitz J, Bengiamin RN, 
Camargo CA Jr, Corbo J, et al. Ultrasonography versus 
computed tomography for suspected nephrolithiasis. N Engl 
J Med. 2014;371:1100-1110. doi: 10.1056/NEJMoa1404446.

4. Ng C, Tsung JW. Avoiding Computed Tomography Scans 
By Using Point-Of-Care Ultrasound When Evaluating 
Suspected Pediatric Renal Colic. J Emerg Med. 2015;49:165-
171. doi: 10.1016/j.jemermed.2015.01.017.

5. Dalziel PJ, Noble VE. Bedside ultrasound and the assessment 
of renal colic: A review. Emerg Med J. 2013;30:3-8. doi: 
10.1136/emermed-2012-201375.

6. Moore CL, Bomann S, Daniels B, Luty S, Molinaro A, 
Singh D, et al. Derivation and validation of a clinical 
prediction rule for uncomplicated ureteral stone-
-the STONE score: retrospective and prospective 
observational cohort studies. BMJ. 2014;348:g2191. 
doi: 10.1136/bmj.g2191.

7. Moore CL, Daniels B, Singh D, Luty S, Molinaro A. 
Prevalence and clinical importance of alternative causes 
of symptoms using a renal colic computed tomography 
protocol in patients with flank or back pain and absence of 
pyuria. Acad Emerg Med. 2013;20:470-478. doi: 10.1111/
acem.12127.

8. Kanno T, Kubota M, Sakamoto H, Nishiyama R, Okada T, 
Higashi Y, et al. Determining the efficacy of ultrasonography 
for the detection of ureteral stone. Urology. 2014;84:533-537. 
doi: 10.1016/j.urology.2014.04.047.

9. Fowler KA, Locken JA, Duchesne JH, Williamson MR. 
US for detecting renal calculi with non-enhanced CT as a 
reference standard. Radiology. 2002;222:109-113.

10. P. Riddell J, Case A, Wopat R, Beckham S, Lucas M, McClung 
CD, et al. Sensitivity of emergency bedside ultrasound to detect 
hydronephrosis in patients with computed tomography-
proven stones. West J Emerg Med. 2014;15:96-100. 
doi: 10.5811/westjem.2013.9.15874.

11. Kanno T, Kubota M, Sakamoto H, Nishiyama R, Okada T, 
Higashi Y, et al. Determining the efficacy of ultrasonography 
for the detection of ureteral stone. Urology. 2014;84:533-537.

12. Taylor M, Woo MY, Pageau P, McInnes MD, Watterson 
J, Thompson J, et al. Ultrasonography for the prediction 
of urological surgical intervention in patients with 
renal colic. Emerg Med J. 2016;33:118-123. doi: 10.1136/
emermed-2014-204524.

13. Edmonds ML, Yan JW, Sedran RJ, McLeod SL, Theakston 
KD. The utility of renal ultrasonography in the diagnosis 
of renal colic in emergency department patients. CJEM. 
2010;12:201-206.

14. Fields JM, Fischer JI, Anderson KL, Mangili A, 
Panebianco NL, Dean AJ, et al. The ability of renal 
ultrasound and ureteral jet evaluation to predict 
30-day outcomes in patients with suspected 
nephrolithiasis. Am J Emerg Med. 2015;33:1402-1406. 
doi: 10.1016/j.ajem.2015.07.014.

15. Yan JW, McLeod SL, Edmonds ML, Sedran RJ, Theakston 
KD. Normal renal sonogram identifies renal colic patients 
at low risk for urologic intervention: a prospective cohort 
study. CJEM. 2015;17:38-45.

16. Schoenfeld EM, Poronsky KE, Elia TR, Budhram GR, 
Garb JL, Mader TJ. Validity of STONE scores in younger 
patients presenting with suspected uncomplicated renal 
colic. Am J Emerg Med. 2016;34:230-234. doi: 10.1016/j.
ajem.2015.10.036.

17. Wang RC, Rodriguez RM, Moghadassi M, Noble V, Bailitz 
J, Mallin M, et al. External Validation of the STONE Score, a 
Clinical Prediction Rule for Ureteral Stone: An Observational 
Multi-institutional Study. Ann Emerg Med. 2016;67:423-432. 
doi: 10.1016/j.annemergmed.2015.08.019.

Authors’ Contribution:

STS: Data analysis, manuscript writing.
RA: Data collection, Data interpretation.
TS: Study design, manuscript review.

Salman Tahir Shafi et al.


	_ENREF_18
	_GoBack
	_GoBack
	bib4
	bib6
	JOURNAL-PMED-0030101-B006
	JOURNAL-PMED-0030101-B008
	JOURNAL-PMED-0030101-B009
	bb0250
	_GoBack
	ft13
	_Hlk478698426
	_GoBack
	OLE_LINK39
	OLE_LINK40
	OLE_LINK29
	OLE_LINK38
	OLE_LINK41
	OLE_LINK42
	OLE_LINK43
	OLE_LINK37
	OLE_LINK36
	OLE_LINK44
	OLE_LINK45
	OLE_LINK46
	OLE_LINK47
	OLE_LINK22
	OLE_LINK21
	OLE_LINK48
	OLE_LINK49
	OLE_LINK50
	OLE_LINK97
	_GoBack
	_GoBack
	page4
	_GoBack
	OLE_LINK1
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	1756512
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_13
	_ENREF_74
	_ENREF_75
	_ENREF_76
	_ENREF_77
	_ENREF_78
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_GoBack
	OLE_LINK9
	OLE_LINK10
	OLE_LINK5
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	Display
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_33
	_GoBack
	_ENREF_10
	_GoBack
	_GoBack
	_GoBack

