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Objective The aim of this study was to evaluate the effect of adding bedside ultrasonography to 
the diagnostic algorithm for nephrolithiasis on emergency department (ED) length of stay. 

Methods A prospective, randomized, controlled pilot study was conducted from October 2014 to 
December 2014 with patients with acute flank pain. In the non-ultrasonography group (NUSG), 
non-contrast computed tomography was selected based on clinical features and hematuria in 
the urinalysis. In the ultrasonography group (USG), non-contrast computed tomography was se-
lected based on clinical features and hydronephrosis on bedside ultrasonography. The primary 
outcome was ED length of stay. The secondary outcomes were radiation exposure, amount of 
analgesics, proportion of patients with diseases other than ureteral calculus, and proportion of 
patients with unexpected ED revisits within 7 days from the index visit.

Results A total of 103 patients were enrolled (NUSG, 51; USG, 52). The ED length of stay for the 
USG (89.0 minutes) was significantly shorter than that for the NUSG (163.0 minutes, P<0.001). 
There were no significant differences between the two groups in the radiation exposure dose 
(5.29 and 5.08 mSv, respectively; P=0.392), amount of analgesics (P=0.341), proportion of pa-
tients with diseases other than ureteral calculus (13.0% and 6.8%, respectively; P=0.486), and 
proportion of patients with unexpected ED revisits within 7 days from the index visit (7.8% and 
9.6%, respectively; P=1.000).

Conclusion The use of early bedside ultrasonography for patients with acute flank pain could 
reduce the ED length of stay without increasing unexpected ED revisits.
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What is already known
The effect of adding bedside ultrasonography to the diagnostic algorithm for 
nephrolithiasis on emergency department length of stay remains unclear. 

What is new in the current study
The use of bedside ultrasonography reduced the emergency department length 
of stay by about 74 minutes, without increasing unexpected emergency depart-
ment revisits.

http://crossmark.crossref.org/dialog/?doi=10.15441/ceem.15.109&domain=pdf&date_stamp=2016-12-30
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INTRODUCTION

Renal colic is a common cause of emergency department (ED) 
visits.1 Renal colic is a clinical syndrome that presents with acute 
cyclical flank pain and is most commonly due to nephrolithiasis.2 
The prevalence of nephrolithiasis has increased over time; it is ex-
perienced by 3% to 15% of adults within their lifetime and is de-
tected in about 2% of adult ED patients.3,4

 Nephrolithiasis is initially diagnosed based on clinical presen-
tation followed by imaging studies.2 The use of bedside ultraso-
nography (BUS) for renal colic has increased in recent years.2 Its 
advantage over other diagnostic imaging modalities is that it has 
no radiation hazards.2 However, it is less sensitive than computed 
tomography (CT) for identifying the size and number of renal stones 
and rarely identifies the location of a renal stone; many patients 
who initially undergo BUS will need a CT scan to confirm the pres-
ence and location of the stone.5,6 Non-contrast CT has higher sen-
sitivity and specificity than BUS; hence, it has been considered the 
gold standard for the diagnosis of nephrolithiasis.7-9 
 However, the decision to perform CT based only on clinical fea-
tures results in nonspecific CT results for some patients with on-
going flank pain. Hematuria is the single most discriminating 
predictor of a renal stone in patients with flank pain.10 Hence, 
many physicians perform CT based on the combination of clinical 
features and hematuria on urinalysis.11 Unfortunately, patients 
with flank pain commonly present with dysuria and are some-
times unable to urinate; therefore, urinalysis results frequently 
require more time than expected.8 Because rapid diagnosis in the 
ED can facilitate the most appropriate therapy, the ED stay is pro-
longed while waiting for the urinalysis results. All of these factors 
can affect the ED strategy, diagnostic time, and proper treatment. 
BUS has high specificity but it is not as sensitive for detecting 
hydronephrosis.12 
 The aim of this study was to evaluate the effect on ED length 
of stay of adding early BUS to the diagnostic algorithm for neph-
rolithiasis. 

METHODS

Study design and ethics 
This prospective, randomized, controlled pilot study was conduct-
ed with consecutive patients with flank pain. This study was ap-
proved by the institutional review board (EMC 13-03), and inform-
ed consent was obtained from all patients. When a patient was 
unable to sign the consent form due to distress, we obtained con-
sent from guardians.

Setting
This study was conducted in the ED of an urban secondary care 
hospital in Gyeonggi-do province, South Korea; the ED cares for 
about 35,000 patients annually.

Study protocol
Non-ultrasonography group
If the treating physician thought that the patient’s clinical pre-
sentation was compatible with nephrolithiasis, we immediately 
administered parenteral analgesics and awaited the result of uri-
nalysis. If urinalysis revealed microscopic hematuria, non-contrast 
helical CT (NECT) was performed. When NECT provided no evi-
dence of a ureteric stone or alternative diagnosis and if the pa-
tient still complained of flank pain, contrast-enhanced CT (CECT) 
was performed for evaluation of an alternative diagnosis other 
than nephrolithiasis. If the urinalysis did not reveal microscopic 
hematuria or a urine specimen was not obtained,other laboratory 
blood test results were reported. If the patient could not void when 
asked by the treating physician “Could you void right now?”, 
NECT or CECT was performed according to the discretion of the 
treating physician based on the clinical presentation.

Ultrasonography group
If the treating physician thought that the patient’s clinical pre-
sentation was compatible with nephrolithiasis, we immediately 
administered parenteral analgesics and performed BUS to detect 
the presence of hydronephrosis. If hydronephrosis was detected, 
we performed NECT without waiting for the urinalysis results. The 
remaining protocol was the same as that for non-ultrasonogra-
phy group (NUSG).

Pain control protocol
Pain was managed with parenteral analgesics for both groups ac-
cording to our institution’s protocol.11 If the patient complained 
of pain greater than numeric rating scale (NRS) 4, ketorolac 30 
mg and cimetropium 5 mg were injected intravenously. Thirty 
minutes later, pain was reassessed by the treating physician or 
nurse, and if the patient still complained of pain greater than 
NRS 4, tramadol 50 mg was injected intravenously. After another 
30 minutes, pain was reassessed by the treating physician or 
nurse, and if the patient still complained of intractable pain 
greater than NRS 4, meperidine 25 mg was injected intravenous-
ly. Finally, after another 30 minutes, pain was reassessed by the 
treating physician or nurse, and if the patient still complained of 
intractable pain greater than NRS 4, meperidine 50 mg was in-
jected intravenously. Intravenous hydration was performed with 
normal saline at an infusion rate of 125 mL/hr to achieve normo-
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volemia in patients without congestive heart failure or chronic 
renal failure on dialysis.11

 Patients were enrolled between October 2014 and December 
2014. During this period, if a patient experienced flank pain that 
the treating physician thought was compatible with the clinical 
features of nephrolithiasis, ED residents or the attending physicians 
obtained informed consent and randomized the patients to one of 
the two diagnostic protocols (NUSG or ultrasonography group 
[USG]). Randomization was performed using the ‘True Random 
Number Generator’ (http://www.random.org). Due to the nature of 
this study, both the treating physician and patient could not be 
blinded; therefore, they were aware of the allocation protocol. 
 Patients were excluded for the following reasons: (1) <15 years 
old, (2) pregnancy or positive urine human chorionic gonadotro-
pin test in the ED, (3) body temperature >37.2°C, (4) trauma-re-
lated pain, (5) recent nephrolithiasis diagnosis, (6) unstable vital 

signs (e.g., initial systolic blood pressure <90 mmHg) requiring 
immediate resuscitation, and (7) refusal of informed consent. 
 All ultrasonography examinations were performed at the bed-
side with a Sonosite I80Plus (Sonosite, Bothell, WA, USA). A 2 to 
5 MHz curved probe was used, and only the presence of hydrone-
phrosis was recorded. Ultrasounds were performed and interpret-
ed by six ED attending physicians and two ED residents with 2 to 
14 years of point-of-care ultrasound experience. Prior to study 
initiation, they underwent a 2-hour bedside renal ultrasound train-
ing session conducted by a lecturer certified by the Emergency 
and Critical Care Imaging Society.
 We did not try to determine the presence and location of the 
ureteric stone. Hydronephrosis was graded on a 4-point scale, rang-
ing from mild to severe; the presence of hydronephrosis was de-
termined by comparing the grade with that of the contralateral 
kidney. A normal grade was considered to indicate the absence of 

A

C

B

D

Fig. 1. Grading of hydronephrosis. (A) Grade 0, normal: no dilatation, calyceal walls are apposed to each other. (B) Grade 1, mild: dilatation of the renal 
pelvis without dilatation of the calyces. (C) Grade 2, moderate: moderate dilatation of the renal pelvis and calyces. (D) Grade 3, severe: gross dilatation 
of the renal pelvis and calyces.
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hydronephrosis (Fig. 1). If the physician could not differentiate be-
tween normal or mild grade, the results were recorded as a nor-
mal grade and absence of hydronephrosis.12

 CT was performed using a 16-MDCT (Brilliance 16; Philips 
Healthcare, Eindhoven, The Netherlands). The tube current was 
automatically modulated, and the tube voltage was 120 kVp. The 
other parameters were as follows: anatomical range, diaphragm 
to the symphysis pubis; detector collimation, 1.5 mm; rotation 
speed, 0.5 seconds; and pitch, 1.4 or 0.9. Reconstructions consist-
ed of 2-mm transverse and coronal sections. For CECT, three IV 
contrast agents were used: iohexol (Omnipaque 350; GE Health-
care, Princeton, NJ, USA), iopamidol (Pamiray 370; Dongkook 
Pharmaceutical, Seoul, Korea) and iodixanol (Visipaque 270, GE 
Healthcare). The IV contrast agent was administered using a me-
chanical injector (Medrad, Pittsburgh, PA, USA) at a rate of 3.0 
mL/sec and a dose of 2 mL/kg body weight, and CT data acquisi-
tion was initiated 60 seconds after the start of the injection. No 
oral or rectal contrast material was administered to any patient.
 CT was primarily interpreted by the treating physician or the 
on-duty faculty. For uncertain diagnoses, an immediate telephone 
consultation was conducted with an experienced abdominal ra-
diologist during normal working hours or with the radiology resi-
dent during off-duty hours.
 Assessment of patient disposition was at the discretion of the 
treating physicians. 

Outcomes 
The primary outcome was ED length of stay. The secondary out-
comes were radiation exposure, amount of analgesics, proportion 
of patients with diseases other than ureteral calculus, and propor-
tion of patients with unexpected ED revisits within 7 days from 
the index visit.
 ED length of stay was calculated based on the difference be-
tween the initial time of the ED visit and ED departure using elec-
tronic medical records. The radiation exposure dose was defined 
as the sum of effective doses for all imaging studies that were 
performed during the ED stay. The radiation dose for CT examina-
tion was calculated based on the dose-length product reported 
for each CT scan, which we converted to an effective dose using 
the following formula: mSv =dose length product (mGy·cm) 
×conversion factor 0.015 (mSv·mGy-1·cm-1).13 For plain radio-
graphs (chest, abdomen, kidney, ureter, and bladder), we calculat-
ed effective doses using previously estimated doses for each type 
of examination.14 The amount of analgesics was defined as the 
grade of analgesics according to the different grades of the anal-
gesic protocol. The proportion of patients with diseases other than 
ureteral calculus was ascertained according to the final diagnosis 

of the treating physician. The proportion of patients with unex-
pected ED revisits within 7 days from the index visit was deter-
mined primarily by reviewing our hospital’s electronic medical re-
cords. For patients lost to outpatient follow up, we conducted a 
telephone follow-up survey. If patients visited the ED at other 
hospitals within 7 days from the index visit, these cases were also 
included as unexpected ED revisits. 

Statistical methods
Normally distributed continuous variables are expressed as means 
and standard deviations. Continuous variables that were not nor-
mally distributed are expressed as medians and interquartile ranges. 
Independent t-tests were used to compare age between the two 
groups. χ2 tests were used to compare sex, pain location, presence 
of costovertebral angle tenderness, characteristics of pain, and 
amount of analgesics. Fisher’s exact tests were used to assess ad-
ditional CECT, proportion of patients with diseases other than ure-
teral calculus, and proportion of patients with unexpected ED re-
visits. Other variables were compared using Mann Whitney U-tests. 
 Because we could not obtain previous data to estimate the 
sample size, this study was conducted as a 3-month pilot trial. 
We considered a P-value <0.05 to be statistically significant. Sta-
tistical analysis was performed using PASW Statistics ver. 18.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS

Between October 2014 and December 2014, a total of 176 pa-
tients visited the ED with a complaint of flank pain. Of these pa-
tients, 149 patients were enrolled in the study and underwent 
randomization. After excluding the patients who did not provide 
informed consent, 103 patients were included in the analysis (NUSG, 
51; USG, 52) (Fig. 2). There were no significant differences between 
the two groups in terms of sex, age, vital signs, and variables of 
pain (Table 1).
 ED length of stay was shorter for the USG than for the NUSG 
(89 and 163 minutes, respectively; P<0.001). The total amount 
of radiation during the ED visit (NUSG, 5.29 mSv; USG, 5.08 mSv, 
respectively; P=0.392) and the proportion of patients who un-
derwent contrast-enhanced CT (NUSG, 13.0%; USG, 4.5%, re-
spectively; P=0.267) were not significantly different. The amount 
of analgesics according to the different stages of pain control 
protocol was not significantly different between the two groups 
(P=0.341). The proportion of patients with diseases other than 
ureteral calculus was also not different between the two groups 
(NUSG, 13.0%; USG, 6.8%, respectively; P=0.486). The propor-
tion of patients with unexpected ED revisits was not significantly 
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different between the two groups (NUSG, 7.8%; USG, 9.6%, re-
spectively; P=1.000) (Table 2).

DISCUSSION

This study showed that the use of BUS reduced ED length of stay 
by about 74 minutes, without increasing unexpected ED revisits. 

To the best of our knowledge, this study is the first to demonstrate 
the role of BUS in terms of reducing the ED length of stay. 
 Although there is an ongoing debate regarding the first choice 
of primary imaging, NECT is recognized as the primary imaging 
modality due to its high sensitivity and specificity. Recently, Smith-
Bindman et al.6 documented that BUS, rather than CT, as an initial 
imaging modality was associated with significantly less radiation, 

Fig. 2. Patients selection flow diagram. US, ultrasonography; UA, urinalysis; CT, computed tomography.

27 Could not be enrolled

46 Refused to participate

Non US group
51 Clinical 

suspicion+UA

US group
52 Clinical suspicion+ 

bedside US

5 Did not have 
noncontrast CT

40 Discharged without 
additional contrast 

enhanced CT

6 Additionally received 
contrast enhanced CT

8 Did not have 
noncontrast CT

42 Discharged without 
additional contrast 

enhanced CT

2 Additionally received 
contrast enhanced CT

176 Flank pain

149 Informed consent and 
randomization

Table 1. General demographics of the study participants  

NUSG (n=51) USG (n=52) P-value

No. of men 33 (64.7) 35 (67.3) 0.780

Age (yr) 44.55±14.56 46.63±10.58 0.407

Systolic arterial pressure (mmHg) 130.0 (130.0–160.0) 130.0 (130.0–140.0) 0.941

Diastolic arterial pressure (mmHg) 80.0 (70.0–90.0) 80.0 (80.0–90.0) 0.833

Respiratory rate 20.0 (20.0–20.0) 20.0 (20.0–20.0) 0.570

Body temperature (°C) 36.00 (36.00–36.50) 36.50 (36.00–36.50) 0.413

Pain location 0.367

   Right flank 13 (25.5) 8 (15.4)

   Right abdomen 1 (2.0) 1 (1.9)

   Right flank and abdomen 19 (37.3) 18 (34.6)

   Left flank 9 (17.6) 16 (30.8)

   Left abdomen 0 (0.0) 2 (3.8)

   Left flank and abdomen 9 (17.6) 7 (13.5)

Presence of CVAT 44 (86.3) 44 (84.6) 0.811

Characteristics of pain 0.369

   Colicky 31 (60.8) 36 (69.2)

   Continuous 20 (39.2) 16 (30.8)

Presence of nausea 19 (37.3) 24 (46.2) 0.360

Presence of vomiting 7 (13.7) 13 (25.0) 0.148

Presence of hematuria 43 (84.3) 47 (90.3) 0.840

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
NUSG, non-ultrasonography group; USG, ultrasonography group; CVAT, costovertebral angle tenderness.
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Table 2. Comparison of variables between the two groups   

NUSG (n=51) USG (n=52) P-value

ED length of stay (min) 163.0 (133.0–193.0) 89.0 (119.0–176.5) <0.001

Symptom duration (min) 180.0 (60.0–270.0) 120.0 (60.0–247.5) 0.325

Total amount of radiation (mSv)a) 5.2959 (4.7321–5.8938) 5.0822 (4.7093–5.7078) 0.392

Proportion of patients who underwent additional contrast-enhanced CTa) 6/46 (13.0) 2/44 (4.5) 0.267

Grade of analgesic protocol 0.341

   0 0 (0) 1 (1.9)

   1 28 (54.9) 15 (28.8)

   2 5 (9.8) 10 (19.2)

   3 17 (33.3) 21 (40.4)

   4 1 (2.0) 5 (9.6)

Proportion of patients with diseases other than ureteral calculusa) 6/46 (13.0) 3/44 (6.8) 0.486

Grade of hydronephrosis on bedside ultrasonography

   1 NA 31 (59.6)

   2 NA 17 (32.7)

   3 NA 4 (7.7)

Time spent performing bedside ultrasonography (min) NA 4.0 (3.2–5.0)

Urinalysis turn-around time 78.0 (58.0–108.0) 76.0 (51.0–133.5) 0.790

Proportion of patients with unexpected ED revisits 4 (7.8) 5 (9.6) 1.000

Values are presented as median (interquartile range) or number (%).
NUSG, non-ultrasonography group; USG, ultrasonography group; ED, emergency department; CT, computed tomography; NA, not applicable.
a)Excluding patients who did not undergo CT (NUSG, 46; USG, 44).

with little difference in patient outcome. However, approximately 
40% of patients in the US group underwent an additional CT 
scan. These findings reflect conditions in the field where NECT 
needs to be performed, despite exposure to radiation as the big-
gest drawback of NECT. This may stem from reduced physician 
confidence in BUS findings and difficulties in evaluating ureteral 
calculi. This implies that a lack of hydronephrosis on BUS cannot 
serve as the basis to determine patient disposition.
 In the present study, the patients presumed to have nephroli-
thiasis and with positive ultrasound findings were selected to un-
dergo NECT at the bedside, and this resulted in meaningful reduc-
tions in ED length of stay. However, unexpectedly, CT was con-
ducted approximately 2.5 times more frequently for the NUSG 
than the USG, although this was not statistically significant. The 
average radiation dose was approximately 5.08 mSv for the USG, 
compared with approximately 5.29 mSv for the NUSG. If urinaly-
sis revealed no microscopic hematuria, NECT should have been 
performed first; then, according to the result, CECT should be 
performed for alternative diagnoses. In practice, however, CECT is 
performed first, based on the judgment of the treating physician 
with respect to the clinical presentation in some cases, which is 
related with low confidence. Therefore, even if NECT was used as 
the diagnostic imaging modality for nephrolithiasis, conducting 
BUS prior to NECT reduced radiation exposure.
 Our study had several limitations. First, the study duration was 
short; only the results from a 3-month flank pain cohort were 

examined. Hence, the effectiveness of the methods needs to be 
verified based on data from long-term comparative studies that 
estimate the most appropriate sample size. Second, owing to the 
unblinded nature of the study, healthcare professionals may have 
subconsciously discharged the patients in the USG prematurely. 
Despite no difference between the two groups in terms of unex-
pected ED revisits, researcher bias may have been present, be-
cause the degree of pain felt by individual patients over time was 
not measured. Third, measurement bias might have been present, 
because hydronephrosis on BUS was exclusively determined by 
those who performed the ultrasonography. Therefore, the decision 
regarding the presence of hydronephrosis on BUS might have been 
affected by the sonographer. Also, additional bias might have been 
present because the researchers obtained the clinical information 
and conducted the physical examinations during the study. Fourth, 
although the ED length of stay was somewhat reduced, factors 
affecting the reduction in overall ED overcrowding and level of 
patient satisfaction were not assessed. Fifth, we only observed 
the presence of hydronephrosis; thus, these findings could not be 
extrapolated to other scenarios that are associated with acute 
flank pain. Last, because cost-effectiveness analysis was not a con-
cern in this study, we could not determine the cost-effectiveness 
of BUS for patients with renal colic. 
 In conclusion, the use of BUS reduced the ED length of stay by 
about 74 minutes, without increasing unexpected ED revisits. 
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