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Abstract In our emergency department (ED), patients with
flank pain often undergo non-enhanced computed tomography
(NECT) to assess for nephroureteral (NU) stone. After imme-
diate image review, decision is made regarding need for sub-
sequent contrast-enhanced CT (CECT) to help assess for other
causes of pain. This study aimed to review the experience of a
single institution with this protocol and to assess the utility of
CECT. Over a 6 month period, we performed a retrospective
analysis on ED patients presenting with flank pain undergoing
CT for a clinical diagnosis of nephroureterolithiasis. Patients
initially underwent abdominopelvic NECT. The interpreting
radiologist immediately decided whether to obtain a CECT to
evaluate for another etiology of pain. Medical records, CT
reports and images, and 7-day ED return were reviewed. CT
diagnoses on NECT and CECT were compared. Additional
information from CECT and changes in management as doc-
umented in the patient’s medical record were noted. Three
hundred twenty-two patients underwent NECT for obstructing
NU stones during the study period. Renal or ureteral calculi
were detected in 143/322 (44.4 %). One hundred fifty-four
patients (47.8 %) underwent CECT. CECT added information
in 17/322 cases (5.3 %) but only changed management in
6/322 patients (1.9 %). In four of these patients with final
diagnosis of renal infarct, splenic infarct, pyelonephritis and
early acute appendicitis in a thin patient, there was no abnor-
mality on the NECT (4/322 patients, 1.2 %). In the remaining
2 patients, an abnormality was visible on the NECT. In pa-
tients presenting with flank pain with a clinical suspicion of
nephroureterolithiasis, CECT may not be indicated. While

CECT provided better delineation of an abnormality in
5.3 % of cases, changes in management after CECT occurred
only in 2%. This included 1% of patients in whom a diagnosis
of organ infarct, pyelonephritis or acute appendicitis in a thin
patient could only be made on CECT.
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Introduction

Non-enhanced computed tomography (NECT) is the test of
choice to evaluate suspected renal colic as an etiology of flank
pain [1, 2]. NECT is rapid and accurate, allows identification
of the stone location and size, facilitates triage of patients, and
has a 98–100 % sensitivity and 92–100 % specificity for the
detection of renal and ureteral calculi [3–9]. Because flank
pain is a nonspecific symptom, with possible alternate diag-
noses in the absence of nephroureterolithiasis, in our practice,
patients with flank pain often undergo a CECT following
abdominopelvic (AP) NECT if no stone is seen on NECT.
We adapted this practice in 2002 at the request of the emer-
gency medical and surgical teams to evaluate for alternative
causes of flank pain. However, many extra-urinary etiologies
of flank pain, such diverticulitis, adnexal mass, appendicitis or
neoplasm, can be identified on NECT [10–12]. Additionally,
as attention to radiation dose and increasing concern for
radiation induced cancer rises, the necessity of an additional
scan should be critically evaluated [13, 14]. The purpose of
this study is to review the experience of a single institution
with this protocol and to assess the utility of follow-up CECT
after initial NECT.
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Materials and methods

We performed a retrospective quality assurance evaluation of
our ED CT protocol for patients presenting with flank pain.
This single center study was conducted in accordance with the
Health Insurance Portability and Accountability Act (HIPAA)
and reviewed by the hospital institutional review board. In-
formed consent was waived due to retrospective study design
and quality assurance aim. The study was performed at an
urban level I trauma tertiary referral center with approximately
53,000 ED visits per year. Essentially, all ED visits are adult
patients given the proximity of a pediatric ED to our site.

NECT examinations were performed on a 64 MDCT GE
LightSpeedVCTscanner (Light Speed, General ElectricMed-
ical Systems, Milwaukee, WI). Five millimeter spiral NECT
axial images were obtained from the diaphragm to the lesser
trochanter with a table speed of 55mm/rotation, rotation speed
of 0.5 s, 1.375 pitch, 120 kV, noise index 30, and mA range
200–600. Coronal and sagittal reformations were provided. If
IV contrast was administered, CECT was obtained using the
same parameters, with a split bolus technique, which is rou-
tinely applied at our institution for non-angiographic CT stud-
ies to obtain both the excretory and nephrographic phases
simultaneously. A 50-cc IV contrast bolus was administered
for the excretory phase, and 3 min thereafter, 80 cc of IV
contrast was provided for the nephrographic phase. The
CECT was triggered off of normal appearing liver parenchy-
ma. CT imaging was reviewed on a GE Centricity Picture
Archiving and Communications System (PACS) workstation.

Per our CT ED protocol, patients presenting with flank pain
or clinical concern for nephroureterolithiasis underwent
NECT with the above parameters. While the patient was still
on the CT table, the radiologist reviewed the images in PACS
and determined if a renal or ureteral stone was present and
whether to administer IV contrast to evaluate for alternative
diagnosis or additional findings. Department ED protocol has
historically been that typically no additional imaging is needed
if an obstructing renal or ureteral stone is seen on the NECT.

We performed retrospective analysis on all ED patients
who underwent NECT of the abdomen and pelvis during a
6-month period (July 1, 2010–December 31, 2010. Final
radiology reports, medical records, and 7-day ED return were
retrospectively reviewed. CT images where reviewed only
when a diagnosis other than obstructing renal stone was made
after CECT. These cases were reviewed on a PACS worksta-
tion by a radiologist (B.S.) blinded to the final diagnosis who
was asked to provide a diagnosis on NECT. After unblinding
to the final diagnosis, three radiologists (M.D.A., R.B.L.,
B.S.) in consensus graded the impact of CECT on making
the diagnosis (no additional information, better delineation of
the abnormality, finding only visible on CECT). The impact
on management of any additional information provided from
CECTwas determined by review of the medical records.

Data collected included patient demographics, presenting
symptoms, serum creatinine, CT examination protocol, and
acute CT findings per the final radiology report at the time of
initial study interpretation. The following CT findings were
evaluated: presence or absence of stone and location,
hydronephrosis, perinephric stranding, renal mass, and acute
non-NU findings as explanation of pain. Presence or absence
of additional findings on CECTwas noted and correlated with
medical record review as to whether these findings engendered
a change in management. If a final CT read reported an “equiv-
ocal stone,”we reviewed the medical record to determine if the
patient was treated for stone disease or alternate cause of pain.
In order to establish whether a diagnosis was missed on initial
NECT, we reviewed medical records and PACS records for a
return visit to the ED within 7 days with a similar complaint or
hospital admission and any additional imaging.

Results

Search of our database revealed 411 patients who underwent
NECTover the study period. Eighty-nine studies were exclud-
ed, and final analysis was performed on 322 patients. Exclu-
sion criteria are summarized in Fig. 1 and consisted of the
following: an indication of generalized abdominal pain (n=4),
history of renal transplant (n=2), painless hematuria (n=1),
patient could not receive IV contrast due to prior contrast
reaction (n=14), refusal to receive contrast (n=3), or renal
insufficiency (n=46). Studies performed for further evaluation
of known findings on prior imaging or after a recent urological
procedure were also excluded (n=8). We excluded studies if
the NECTwas performed at a lower mA (mA range 60–200)
as our ED protocol specifies a mA range of 200–600 (n=11).
Patients who were unable to tolerate the prone position, as
well as patients with inflammatory bowel disease who re-
ceived oral contrast in whom there was concern for NU stone
were included in the study. Thus, a total of 322 patients were
included in our final analysis, with an age range of 18–94
years (mean age, 46 years). One hundred thirty-three (41 %)
were male and 189 (59 %) were female. The most common
presenting symptoms were flank pain, lower quadrant pain,
and back pain. The results are summarized in Fig. 2.

Patients with NU stones

NU stones were detected in 143 of 322 patients (44.4 %)
(Fig. 2a). In all patients, the stone was noted on the side of
the patient’s symptoms and was non-obstructing in 25
of 40 patients (62.5 %) but was obstructing in 15 of 40
(37.5 %). Forty of 143 patients (28.0 %) subsequently
received IV contrast. There is no documentation of the
reason for IV contrast administration, and CECT did not
provide additional information.
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In 1/103 (0.97 %) patient with a NU stone who did not
receive contrast, there was an additional finding of possible
early acute cholecystitis on CT. The patient underwent surgery
for an inflamed gallbladder with a postoperative diagnosis of
acute on chronic gallbladder inflammation.

Patients without NU stones

One hundred seventy-nine patients did not have a NU stone
(Fig. 2b). IV contrast was administered to 114 (63.7%) of these
patients.Of these, 28 had acute findings summarized in Table 1.
Diagnoses related to the kidneys and urinary tract included
cystitis (n=2), pyelonephritis (n=3), renal infarct (n=2), Foley
catheter in prostatic urethra (n=1), and alternative diagnoses
included diverticulitis (n=6), appendicitis (n=2), pancreatitis
(n=1), splenic infarct (n=1), and epiploic appendagitis (n=2).
IV contrast added information in 17 of the 28 cases (5.3 % of
total 322 cases) but only changed management in 6 cases
(1.9 % of total 322 cases) (Table 1). In 4 patients (1.2 % of
total 322 cases), an abnormality was only seen on CECT
(splenic and renal infarct (n=2), pyelonephritis (n=1), early
acute appendicitis (n=1)) (Fig. 3).

Of the 65 patients who did not have a stone and did not
receive contrast, 7 had acute findings onNECTand 58 did not.
The non-NU findings included 3 patients with diverticulitis,
all clearly delineated on NECT without evidence of compli-
cation (Fig. 4); and one patient with a hemorrhagic corpus
luteum, which was on the same side as the patient’s pain and
also seen on a pelvic ultrasound performed 3 h prior to the CT.
Acute urinary tract findings included possible pyelonephritis
(n=2) and possible recent stone passage (n=1). In this last
patient, CT showed mild left hydronephrosis and hydroureter
without a stone identified, suggesting recent stone passage,
and mild bilateral perinephric stranding. The patient was
treated for both passed stone and pyelonephritis by the ED
team.

Of the 58 patients who did not have a stone and did not
have acute CT findings on NECT to explain symptoms, 6
patients returned to our institution’s ED within 7 days. One
patient returned to the ED within 24 h with worsening pain

Retrospective 
analysis of

411 ED patients 
who underwent NECT 
abdomen and pelvis

(7/1/10-12/31/10)

Excluded patients with: 
• Generalized abdominal pain (n=4)
• Renal transplant (n=2)
• Painless hematuria (n=1)
• Renal insufficiency or inability to receive IV 
contrast (n=63)
• CT done for finding on prior imaging or after 
recent urologic procedure (n=8)
• NECT performed at mA < 60-200 (n=11)
Total excluded: 89

Final CT reports, CT 
images and 

medical records of
322 ED pts 

were retrospectively 
reviewed

Fig. 1 Patients who underwent NECT abdomen and pelvis in our ED, July 1, 2010–December 31, 2010 and exclusion criteria

No (103)

Yes (143, 44.4%)

Yes (40)

Additional acute finding?

No (38)Yes (2) No (102)Yes (1)

Stone? (322)

NECT (411)

Excluded (89)

See Figure 2b
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See Figure 2a
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Fig. 2 Patients undergoing AP NECT in our ED during a 6-month
period. a Patients with a NU stone. “Additional acute finding” refers to
an acute finding in addition to a NU stone per the final radiology report at
the time of study interpretation. b Patients without a NU stone.
NECT non-enhanced computed tomography, CECT contrast-enhanced
computed tomography
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and was subsequently found to have a stone on the CECT
when the prior NECT was negative, due to progressive right
hydroureteronephrosis and new right perinephric fluid on
CECT. Following the positive CECT, the patient was
discharged from the ED with pain medication, Flomax, and
instructions for oral hydration. In a second patient, the NECT
was negative, but the patient returnedwith worsening pain and
was admitted for pyelonephritis without CECT imaging. A
third patient underwent a negative NECT and following an
episode of hypotension in the setting of urinary tract infection,
underwent a CECT, which was also negative. Three patients
with back and body pain with negative NECTs were
discharged and returned within 2 days. None of the three
had further imaging in the ED; however, one had an outpatient
MRI, which confirmed the clinical suspicion of lumbar de-
generative disease as etiology of back pain. Six of the 58
patients were admitted to the hospital. None of these patients
underwent additional imaging during the admission that
changed the initial CT diagnoses.

Discussion

In this article, we review our experience with our CT protocol
through which patients with concern for nephroureterolithiasis
versus other acute cause of flank pain initially undergo a
NECT. After immediate image review while the patient is still
on the CT scanner, the decision is made regarding need for IV
contrast to help assess for other causes of pain. Our goal was
to assess if the CECT is necessary for detection of additional
findings or if it may be eliminated in the emergency setting.
We conclude that CECT is unlikely to reveal additional acute
findings not seen on NECT. CECT added additional informa-
tion in 5.3 % and helped to further delineate an abnormality
and assess for complications identifying the following: a small
abscess in diverticulitis, striated nephrogram in pyelonephri-
tis, bowel wall thickening in enteritis, wall hyperemia in
colitis and Crohn’s, and excluding wall ischemia in a small
bowel obstruction. However, a change in management was
only observed in 1.9 % of cases. This includes 1.2 % of cases
where abnormalities were only seen on CECT due to solid
organ infarcts, pyelonephritis, and early acute appendicitis in a
thin patient. Miller and colleagues reported similar findings in
patients with acute renal colic and concluded that IV contrast
is rarely helpful in this setting [15]. However, acute renal
infarction in the ED has a reported incidence of 7 in 100,000
and is frequently missed unless there is a high degree of
clinical suspicion [16]. In our study, a renal infarct was iden-
tified in only 2/322 patients (0.6 %).

Thus, as outlined in the guidelines set forth by the ACR
Appropriateness Criteria ® for patients with acute onset flank
pain and suspicion of stone disease, NECT is the study ofT
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choice for evaluation of suspicion of stone disease as well as
evaluation of patients with recurrent symptoms of stone dis-
ease. While CECT may be appropriate if the NECT demon-
strates abnormalities that should be further assessed with
contrast [3], our data suggest that CECT adds information in
only 5 % of cases resulting in a change in management in only
2 %. This includes 1 % of patients where CECT reveals a
diagnosis unsuspected on NECT.

A limitation of our study is its retrospective design. There
was no documentation regarding the decision to administer IV
contrast. Twenty-eight percent of patients with a NU stone,
38 % of whom had an obstructing stone, still received IV
contrast. One possibility is that the interpreting radiologist saw
something else on the NECT that he/she determined needed
additional work up, but was normal on the CECT. Alterna-
tively, the radiologist may have given IV contrast in order to
distinguish a ureteral stone from a phlebolith or arterial vas-
cular calcification [15]. Radiologists may have given IV con-
trast if the side of the stone did not correspond to the side of
the patient’s pain. These limitations affect generalizability as
in many institutions; only NECT is performed when a stone is
seen. Additionally, since the patient remains on the CT table as
the radiologist checks the NECT images, there is a time
limitation during which the images are reviewed. Unless a
thorough review of the case is performed before the decision
to give contrast, including comparison to prior imaging, there

may be findings that the radiologist feels warrant further
evaluation, but may have actually been stable from prior
studies without the radiologist’s immediate knowledge. Final-
ly, at our institution, radiology residents take independent call
between 11 pm–8 am daily. While on independent call, a
resident checking the NECT may not feel confident regarding
how the readout attending would proceed and may choose to
obtain the CECT to ensure all necessary images are acquired.
While the practice of performing CECTafter NECT increased
the sensitivity for alternative findings and complications,
management only changed in 2 % of patients, at the expense
of greater exposure to radiation and to IV contrast.

Only 6 of 58 patients with a normal NECT returned to our
ED within 7 days. However, it is possible that some patients
may have presented to another institution, limiting our follow-
up of these patients. Five of six patients with negative NECT
did not have further imaging at the second ED visit or had a
negative CECT. One patient had a ureteral stone seen on
subsequent CECT due to increased ureteral edema and
perinephric fluid. The patient was discharged from the ED
with pain medication, Flomax, and instructions for oral
hydration.

Eliminating CECT in patients with flank pain has implica-
tions for dose reduction. A future direction includes analyzing
the doses of both phases to quantify to what extent eliminating
the second phase decreases radiation exposure to patients. In
two studies, one by Poletti et al. performed in ED patients and
one by Kim et al. which did not specify an ED population,
low-dose CT achieved sensitivities and specificities similar to
those of standard-dose CT in assessing the diagnosis of renal
colic, depicting ureteral calculi >2–3 mm and identifying
alternate etiologies of patient’s symptoms [17, 18]. Future
studies may be directed toward decreasing the dose of the
NECT in the ED in our institution.

Dual-energy computed tomography is being evaluated for
detection of renal or ureteral calculi in a contrast filled
collecting system using iodine subtraction techniques. It may
also allow for characterization of stone composition, which
has clinical implications for management [19, 20]. Dual ener-
gy CT may decrease patient’s overall radiation exposure by
eliminating the NECT. However, in one study, while large (at
least 2.9 mm) and high-attenuation (387 HU) calculi were

Fig. 3 Fifty-four-year-old
woman presenting with left flank
pain radiating to the groin. NECT
(left) shows no abnormality.
CECT (right) demonstrates a
renal infarct in the left kidney that
could not be seen without IV
contrast (arrows)

Fig. 4 Sixty-one-year-old man with left lower quadrant pain radiating to
the groin. Diverticulitis in the descending colon (arrow) is apparent on
NECT in a patient without a NU stone. IV contrast was not administered
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detected with dual-energy CT, smaller and lower attenuation
calculi weremore frequentlymissed, especially with increased
image noise [21]. As dual energy techniques are still being
developed, NECT currently remains the mainstay for detec-
tion of NU calculi.

In conclusion, CECT may not be indicated in patients
presenting with flank pain with clinical suspicion of
nephroureterolithiasis. While CECT provided better delinea-
tion of an abnormality seen on NECT and revealed additional
information in 5 % of cases, changes in management after
CECT occurred in only 2 %. This included 1 % of patients in
whom a diagnosis of organ infarct, pyelonephritis or acute
appendicitis in a thin patient which could only be made on
CECT.
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