
ORIGINAL ARTICLE

Contrast-enhanced or noncontrast CT for renal colic: utilizing urinalysis
and patient history of urolithiasis to decide
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Abstract
Purpose In the emergency setting, flank pain commonly leads to a noncontrast CT despite a significant percentage of patients
having alternative diagnoses, often difficult to characterize without contrast. We investigated the combined utility of urinalysis and
history of urolithiasis in identifying patients who are unlikely to have urolithiasis and may benefit from a contrast-enhanced study.
Methods Retrospective review of 350 patients from May 2013 to May 2016 was performed for patients in the emergency
department with renal colic that underwent noncontrast CT and urinalysis testing.
Results Urolithiasis was present in 282 of the 350 patients reviewed (81%), of which 175 (62%) had an obstructing calculus.
RBC-positive urinalysis was present in 231 patients with calculi on CT (sensitivity 82%). Patient history of urolithiasis plus
urinalysis had a sensitivity of 94% for detecting calculi. Thirty-five patients (10%) had alternative diagnoses, 33 of which were in
patients without obstructing calculi. Sixty-seven patients underwent noncontrast CT despite no history of urolithiasis and a
negative urinalysis, 10 of which (15%) had alternative diagnoses. Only three cases in this subset (4%) had nonobstructing 1–
2-mm calculi, potentially missed with contrast. In this subset, the projected proportion of optimally characterized cases with
intravenous contrast is 96%, compared to 85% without contrast (p = .03).
Discussion Given the high combined sensitivity of urinalysis and patient history (94%), this simple analysis can confidently
direct clinicians to a contrast-enhanced CT in Brule-out^ cases of flank pain in patients with a negative history and negative
urinalysis, particularly given that 15% of these patients had alternative diagnoses.
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Purpose

Kidney stones are a common problem, afflicting up to 1 in 11
people in the USAwith an estimated annual cost of 2.1 billion
dollars [1, 2]. Urolithiasis often incites flank pain, which is a
common presentation to the emergency department (ED) of-
ten reflexively triggering a Bstone protocol^ CTwithout intra-
venous or oral contrast. However, while nephrolithiasis fig-
ures prominently in the differential diagnosis, flank pain

prompts consideration of a host of alternative urological, gas-
trointestinal, gynecological, pancreatic and hepatobiliary, vas-
cular, and musculoskeletal conditions (Table 1) [3]. While
many of these conditions are detectable with a stone protocol
CT, many are incompletely characterized and some are poten-
tially not detectable [4–6]. As such, stone protocol CT applied
indiscriminately threatens missed diagnoses, repeat and/or ad-
ditional testing, and operational inefficiency.

Many of the conditions potentially missed or incomplete-
ly characterized with stone protocol CTare better character-
ized with contrast-enhanced CT, which demonstrates high
sensitivity for renal calculi (≥ 3 mm) [7]. Given the com-
bined utility not only for stone disease but also for alterna-
tive diagnoses, contrast-enhanced CT is potentially more
appropriate in equivocal cases of flank pain. Including
stone-specific clinical parameters, such as urinalysis
confirming hematuria and history of urolithiasis, offers an
opportunity to triage patients to either stone protocol CT or
routine contrast-enhanced CT.
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While these clinical parameters fail to capture every patient
with clinically significant stones, obstructing stones feature
many more findings—hydroureteronephrosis, delayed
nephrogram, and perinephric and periureteral inflamma-
tion—rendering them much more conspicuous. Only 10% of
obstructing stones present without microscopic or gross he-
maturia [8, 9]. Subjecting the small number of patients with-
out either hematuria or known urolithiasis to enhanced CT
instead of stone protocol CT in order to characterize possible
alternative diagnoses—present in up to 30% of patients pre-
senting with acute flank pain—is a reasonable prospect, espe-
cially if enhanced CT detects renal calculi (Fig. 1) [10–13].
This study investigates the combined utility of urinalysis and
clinical history (of stone disease) to identify patients with a
lower likelihood of urolithiasis.

Methods

Study design

Institutional Review Board approval was obtained for this
retrospective study. The study was performed at a major, ur-
ban academic center. The institutional Radiology Information
System (RIS) database was searched over a 3-year period
between May 2013 and May 2016 for patients presenting to
the emergency department with renal colic undergoing subse-
quent testing with urinalysis and evaluation with noncontrast
CT. The terms Bflank, colic, renal, and pain^were entered into
the database using multiple permutations until no new cases
were found. The database search engine used was Primordial
(Primordial Inc., San Mateo, CA). The results of urinalysis
posted in the Hospital Information System (HIS) were
reviewed for the presence or absence of blood and red blood
cells (RBCs). Clinical notes in the HIS were reviewed to de-
termine whether a preceding history of urolithiasis had been
established. Patients without a clinical note, without docu-
mentation of a positive or negative history of urolithiasis, or

without urinalysis were excluded. Additionally, patients with
indwelling nephroureteral catheters, nephrostomy catheters,
or known urologic malignancy were excluded.

Radiology report review

Finalized CT reports obtained from the database search, pre-
viously generated by a board-certified attending radiologist,
were reviewed to assess for the presence or absence of (1)
renal stone disease, (2) obstructive uropathy, and (3) alterna-
tive diagnoses to explain the current symptomatology. Stone
size below 3 mm—the established threshold for detectability
with contrast—was recorded.

Statistical analysis

Sensitivity and specificity analysis was performed to evaluate
stone detection by urinalysis alone and by the combination of
urinalysis and/or patient history of stones, with CT as the gold
standard. The proportion of cases optimally characterized
without intravenous contrast was calculated and compared to

Fig. 1 Example of 3-mm renal calculus, clearly visualized on contrast-
enhanced CT

Table 1 Differential diagnosis for flank pain

Urological Gastrointestinal Gynecological Pancreatic and
hepatobiliary

Vascular Musculoskeletal

Pyelonephritis Appendicitis Ovarian cyst Cholelithiasis Ruptured aortic aneurysm Fracture

Renal cell carcinoma Diverticulitis Ovarian torsion Cholecystitis Intraperitoneal hemorrhage Osseous metastasis

Transitional cell
carcinoma

Aortic dissection Tubo-ovarian abscess Choledocholithiasis Retroperitoneal hemorrhage

Renal hemorrhage Meckel diverticulitis Ovarian neoplasm Pancreatitis

Urolithiasis Hernia Degenerating fibroid

Small bowel obstruction

Inflammatory bowel
disease
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the cases projected to be optimally characterized with intrave-
nous contrast. The resultant sensitivities and proportions were
compared using a chi-square analysis.

Results

A total of 1543 patients were initially collected by keyword
search of radiology reports. One thousand one hundred
ninety-three of these patients were excluded from the
study—786 patients had no documentation of urinalysis in
the HIS and 407 patients had inadequate urological history
documentation—yielding 350 patients for the study.

Urolithiasis was present on stone protocol CT in 282 of the
350 patients reviewed (81%), of which 175 (62%) had an
obstructing calculus. Sixty-eight patients (19%) had no uro-
lithiasis on CT and no alternative imaging explanation for
flank pain (Table 2; Fig. 2).

Macroscopic or microscopic hematuria (positive urinalysis
for blood or RBCs, respectively) was seen in 231 patients with
calculi on CT (sensitivity 82%). Negative urinalysis was seen
in 54 patients without calculi (specificity 80%), with
noncontrast CT as the gold standard for diagnosing stone dis-
ease. Adding prior history of urolithiasis to urinalysis in-
creased the sensitivity of detecting calculi to 94% (p < .001).

Alternative diagnoses were present in 35 cases (10%), 33
of which were in cases without obstructing calculi and 10 of
which were in cases with a negative urinalysis and no history
of urolithiasis (Tables 3 and 4).

In patients with a negative urinalysis and no history of
urolithiasis (67 patients), 15% (10 cases) had alternative diag-
noses, not fully characterized due to lack of contrast. Thus, 6–
7 patients would need to be administered intravenous contrast
(Bnumber needed to inject^) to optimize 1 CTstudy. Of the ten
cases, three had repeat CT imaging with intravenous contrast
within 48 h to evaluate the alternative diagnoses, including
aortic dissection, ruptured appendicitis, and right-sided colitis

Table 2 Etiology of flank pain as
suggested by CT findings
(categorized by urolithiasis)

Obstructing
calculus

Nonobstructing
calculus > 3 mm

Nonobstructing
calculus ≤ 3 mm

No
urolithiasis

Totals

Negative CT – – – 58 58

Urolithiasis without
alternative diagnosis

173 81 3 – 257

Diverticulitis 0 3 0 3 6

Pyelonephritis 2 3 0 0 5

Cystitis 0 5 0 0 5

Colitis 0 3 0 2 5

Adnexal mass 0 3 0 1 4

Appendicitis 0 3 0 1 4

Aortic dissection 0 0 0 1 1

Cholecystitis 0 0 0 1 1

Tubo-ovarian abscess 0 0 0 1 1

Complex renal cyst 0 1 0 0 1

Pelvic abscess 0 1 0 0 1

Pneumonia 0 1 0 0 1

Totals 175 104 3 68 350

The bold and italics were to emphasize the totals column and row

Fig. 2 A total of 282 patients
(81%) had urolithiasis on CT—
175 patients (50%) had urinary
obstruction and 107 patients
(31%) had nonobstructing calculi
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(Figs. 3 and 4). Based on this small dataset, approximately 22
patients would need to be injected to avoid repeat CT.Only three
cases (4%) in the negative urinalysis and negative history subset
had calculi difficult to detect in the setting of contrast (< 3 mm),
all of which were nonobstructing (Table 4). In this subset,
noncontrast CT would be able to fully characterize 85% of the
cases (negative studies and all calculi) whereas contrast-
enhanced CTwould be able to fully characterize 96% (negative
studies, calculi ≥ 3 mm, and the alternative diagnoses; p = .03).

Discussion

Appropriateness and utilization have become increasingly
scrutinized in the current healthcare environment in an effort
to maximize the value of care delivered. Incorporating patient-
specific parameters to optimize imaging protocols helps to
meet these demands. The emergency department (ED) pre-
sents a high-impact environment to apply this approach where
relatively little clinical information is available and throughput
constraints demand rapid turnaround in a high-acuity setting.
Optimizing the utility of CT is especially important as ED CT
utilization continues to escalate [14–20]. This study shows the

potential to incorporate clinical parameters into the clinical
decision-making process to improve utilization according to
patient-specific parameters and better detect and characterize
unexpected abnormalities without sacrificing the accuracy of
the primary diagnostic aim.

This study found a very high sensitivity of 94% for detect-
ing urolithiasis by utilizing quick and cost-efficient screening
tools—urinalysis and patient history of urolithiasis. Given the
high sensitivity of this screening tool, referring physicians can
be confidently directed to the correct study, tailored to the
patient’s history and results. In Brule-out^ cases of flank pain
with a negative urinalysis and no prior history of urolithiasis,
the patient would benefit from a contrast-enhanced CT based
on the results of our study. Fifteen percent of patients in this
subgroup had alternative diagnoses to explain their flank pain,
a majority of which would be significantly better character-
ized with intravenous contrast, including pyelonephritis, di-
verticulitis, colitis, adnexal masses, complex renal masses,

Table 3 Alternative diagnoses detected

Alternative
diagnoses

Total number
of cases

Cases without
obstructing
calculi

Cases with
negative
UA + history

Diverticulitis 6 6 3

Pyelonephritis 5 3 0

Cystitis 5 5 0

Colitis 5 5 2

Adnexal mass 4 4 1

Appendicitis 4 4 1

Aortic dissection 1 1 1

Cholecystitis 1 1 1

Tubo-ovarian abscess 1 1 1

Complex renal cyst 1 1 0

Pelvic abscess 1 1 0

Pneumonia 1 1 0

Total 35 33 10

Table 4 Characterization of findings in the negative urinalysis and
negative history subset

Findings Number
of cases

Percentage
of cases

Better characterized
by enhanced CT

Negative CT 36 54 No

Urolithiasis < 3 mm 3 4 No

Urolithiasis ≥ 3 mm 18 27 No

Alternative diagnosis 10 15 Yes

Fig. 3 a The initial noncontrast CT of the abdomen and pelvis in this
patient with flank pain, negative urinalysis, and no history of urolithiasis
demonstrates displaced calcification within the abdominal aorta (arrow),
concerning for aortic dissection (suboptimally characterized without IV
contrast). No urolithiasis was present. b Follow-up contrast-enhanced
CTA 1 h later clearly demonstrates the type B aortic dissection
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ruptured appendicitis, and especially aortic dissection (Figs. 3
and 4). Not only is this important from a patient safety per-
spective—making a timely diagnosis—it also has the potential
to decrease extra unnecessary studies.

This study has a number of limitations. The cases for the
study were collected by searching our institutional RIS for
noncontrast abdominal CT with indications similar to Bflank
pain.^ Since the indication on the radiology report may be
erroneous—due to an unclear clinician-provided history, typo-
graphical errors, or lack of review of the HIS by the radiolo-
gist—a potentially large number of cases were not collected.
The nonstandardized documentation in the HIS forced many

cases to be excluded due to lack of a proper patient history or
undocumented urinalysis. Additionally, since noncontrast CT in
the emergency setting is so rapidly performed, the clinicianmay
forego the urinalysis if the CT provided a suitable diagnosis.

While our study suggests the use of intravenous contrast in
patients meeting the criteria described, the decision must be
made on a case-to-case basis and administering contrast agents
does have certain disadvantages—increased initial time and
cost, increased radiation, increased staffing requirement, and a
small risk of adverse reactions—allergic reactions, extravasa-
tion, nephropathy [21–23]. Additionally, we assumed that in-
travenous contrast would optimize most studies. A majority of
the alternative diagnoses can be established without contrast,
and determining how optimal the study is remains subjective
and varies for each case. A cost-benefit and risk-benefit analysis
in addition to a follow-up large-scale study evaluating out-
comes of the proposed algorithm would be useful.

Despite the limitations, the results of this study demonstrate
that with all diagnostic outcomes considered, there is an over-
all improvement in diagnostic ability with contrast-enhanced
CT in this population (95%, including negative cases, calculi
greater than or equal to 3 mm, and alternative diagnoses)
compared to noncontrast CT (85%, including negative cases
and all calculi; p = .03). Only a small fraction (4%) of patients
in the negative urinalysis and negative history subgroup had
calculi that may be undetectable on a contrast-enhanced CT
(less than 3 mm in size), all of which were nonobstructing and
unlikely to be clinical significant [24, 25]. We propose the use
of this screening method in cases of flank pain to improve
appropriateness and utilization, improve diagnoses, and most
importantly facilitate patient care.

Conclusion

The combination of urinalysis and patient history of urolith-
iasis can be utilized as a screening tool to direct referring
physicians and protocoling radiologists to the appropriate
study. In Brule-out^ cases of flank pain with a negative uri-
nalysis for hematuria and a negative history of urolithiasis, a
contrast-enhanced CT may be more appropriate particularly
given that 15% of these patients had alternative diagnoses
suboptimally characterized without contrast and only 4%
had calculi potentially difficult to detect in the setting of
contrast.

Compliance with ethical standards

Institutional Review Board approval was obtained for this retrospective
study.

Conflict of interest The authors declare that they have no conflict of
interest.

Fig. 4 a The initial noncontrast CT of the abdomen and pelvis in this
patient with flank pain, negative urinalysis, and no history of urolithiasis
demonstrates dilated loops of bowel in the right lower quadrant, with a
reported differential diagnosis of Meckel diverticulitis, terminal ileitis/
enteritis, or appendicitis. No urolithiasis was present. b Given the
uncertainty of diagnosis clinically and on imaging, repeat CT with
contrast was performed 2 h later which clearly demonstrates acute
perforated appendicitis (arrow) with a previously unseen fluid collection
(arrowhead)
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