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 Background: The aim of this study was to determine the relationship between hematuria and volume, position of stone, 
and hydronephrosis in patients with a solitary stone, using unenhanced multidetector computed tomography 
(MDCT).

 Material/Methods: This retrospective study evaluated the clinical and radiological records of 83 patients undergoing MDCT for the 
evaluation of acute flank pain and suspected renal colic, who also underwent a microscopic urinalysis at the 
emergency department of our hospital during a 1-year period. Inclusion criteria of the MDCT study were soli-
tary urolithiasis and cumulative stone diameter under 1 cm.

 Results: A total of 83 patients were included in the study, with a mean age of 42.1±14.4 years; 48 (57.8%) were fe-
males and 35 (42.2%) were males. Detection of 5 or more red cells on urinalysis was regarded as microscopic 
hematuria, and was positive in 46 patients (55.4%). There was a positive correlation between the position of 
the stone (especially upper two-thirds ureteral stones) and microhematuria rate (r: 0.28, p=0.009). There was 
a statistically significant difference in presence of hydronephrosis between the microhematuria (36 patients, 
78%) and non-microhematuria (12 patients, 32%) groups (p<0.001). The median stone volume between the 
microhematuria and non-microhematuria groups were not statistically different, 37.5 mm3 (range 5–425) and 
28 mm3 (range 4–412), respectively (p=0.39).

 Conclusions: Although stone volume is one of the best indicators of stone burden, it was not correlated with microhematu-
ria. However, in patients with renal colic, microhematuria requires ultrasound examination whether hydrone-
phrosis and ureteral stones are present or not. Further studies with larger sample sizes are warranted.
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Background

Accurate assessment of a patient’s stone burden has an impor-
tant role in management for urolithiasis [1[. Various radiological 
tests may be performed for quantification of stone-burden in-
cluding plain abdominal x-ray, ultrasound (US) or unenhanced 
multidetector computed tomography (MDCT) [2]. Today CT is 
the gold standard imaging modality in the work up of suspected 
renal colic. Ccompared with the other imaging methods, MDCT 
has the highest sensitivity and specificity to detect stones and 
it is the most accurate imaging modality to measure stone 
size [2,3]. Several stone parameters that reflect stone burden, 
including the cumulative stone diameter (CSD), stone surface 
area (SA), and volume, have been evaluated for CT imaging of 
suspected urolithiasis [1]. A recent study showed that among 
the several parameters regarding the renal stone burden, the 
3-dimensional volume measurements could better quantify the 
stone burden and predict treatment outcomes [1,4].

Microhematuria on urinalysis is frequently used as a diagnos-
tic screening test for urolithiasis [5]. However, there are some 
concerns about results of the diagnostic comparison value of 
microhematuria versus radiological studies [5–10]. There are 
several reasons of inconsistent results, largely due to different 
urinalysis tests, use of different imaging modalities as gold stan-
dard, and differences in the patient populations studied [5–10].

In this study, our aim was to determine the association be-
tween hematuria testing and volume, position of stone, and 
hydronephrosis in patients with a solitary stone on the unen-
hanced MDCT as the reference standard.

Material and Methods

Following institutional ethics committee approval, unenhanced 
MDCT studies of 83 patients presenting to the emergency 

department with flank colic pain during a 1-year period from 
June 2011 to June 2012 were retrospectively analyzed. Patients 
who had a solitary stone with calculus size <1 cm at unen-
hanced MDCT were included. Patients with age under 18 years 
old, those with vaginal bleeding, those who reported the use 
of bowel evacuants, phenolphthalein or rifampicin (drugs that 
affect urinalysis results), and those with more than 1 stone 
were excluded from the study. Patients who had received lith-
otripsy before were also excluded.

Examinations were performed with a 4-slice MDCT (HiSpeed; 
GE Medical Systems, Milwaukee, Wisconsin, USA). Stone pro-
tocols were: collimation 2.5 mm, table movement 10 mm, pitch 
1, 120 kV, 60–100 mAs, without oral or intravenous contrast 
medium administration. Three-mm slices from the suprarenal 
region to the symphysis pubis were obtained.

The position of the stone (upper vs. lower ureter), stone side 
(right or left), age, sex, and presence of hydronephrosis were 
recorded for each patient. The stone volume was obtained from 
measurements on reformatted images of the stone from the 
raw images at a dedicated CT workstation via a volume analy-
sis program (Voxtool 3.0.54 pi, GE Medical Systems, Milwaukee, 
Wisconsin, USA) (Figure 1).

The results of each patient’s urinalysis for the presence or ab-
sence of blood in the urine were obtained from the hospital’s 
main computer system and recorded if this test was performed 
within a maximum of 2 hours before the unenhanced MDCT 
scans. The formal urinalysis included microscopic examination 
of the urine by a technologist. The urinalysis was classified as 
positive for hematuria when 5 or more erythrocytes per high 
power field (RBCs/HPF) were detected. Urine dipstick tests (UDT) 
are usually performed in our hospital as well, but these results 
are not always found in the database, so dipstick test results 
were not evaluated. According to the result of urinalysis, pa-
tients were divided into 2 groups: Group I consisted of patients 

Figure 1.  Representation of how to calculate 
stone volume at a dedicated CT 
workstation via a volume analysis 
program.
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with microhematuria (5 or more RBCs/HPF), and Group II con-
sisted of patients without microhematuria (4 or less RBCs/HPF).

We also analyzed the ultrasound results to determine any pos-
sible correlation between hydronephrosis and the position of 
the stones, as well as the microhematuria rate.

The Mann-Whitney U-test was used for the asymmetric dis-
tributed continuous variables. Spearman correlation coefficient 
was used for the analysis of correlation. Categorical variables 
were reported as counts and percentage, and the indepen-
dence was tested by the chi-square test.

Results

The study population was 83 patients, with a mean age of 
42.1±14.4 years, and included 48 (57.8%) females and 35 
(42.2%) males. In our study population, 46 (55.4%) patients 
had microhematuria (Group I) and 37 (44.6%) patients were 
without microhematuria (Group II). Table 1 shows a compari-
son of the patients’ demographic features and stone measure-
ment outcomes of between the 2 groups.

Among the 83 patients, 31 (37.3%) were diagnosed with a 
kidney stone, 19 (22.9%) with an upper two-thirds ureteral 
stone, and 33 (39.8%) with a lower third ureteral stone; the 

corresponding incidences of microhematuria were 26%, 95%, 
and 61%, respectively. There was a statistically significant dif-
ference between the position of the stone and microhematu-
ria (p<0.001) and positive correlation between those param-
eters (r: 0.28, p=0.009). In addition, the stones in the upper 
ureter (mean volume 89 mm3) were larger than the lower ure-
teral stones (mean volume 50 mm3). However, this difference 
did not reach statistical significance (p>0.05)

The difference in presence of hydronephrosis between Group 
I (36 patients, 78%) and Group II (12 patients, 32%) was sta-
tistically significant (p<0.001). The median stone volume be-
tween the microhematuria and non-microhematuria groups 
were not statistically different, 37.5 mm3 (range 5–425) and 
28 mm3 (range 4–412), respectively (p=0.39).

Although the incidence of microhematuria seemed to increase 
from patients with stones sized 1–10 mm3 (42%) to patients 
with stones sized 75–100 mm3 (83%) (Table 2), the correla-
tion between the volume of stones and the incidence of mi-
crohematuria was not statistically significant.

Discussion

This study examined the relationship between stone vol-
ume and microhematuria on urinalysis for urolithiasis. To our 

Group I (patients with 
microhematuria)

Group II (patients without 
microhematuria)

p value

Patients (n, %) 46 (55.4) 37 (44.6)

Age (year) 41.4±15.8 42.9±12.5 0.64*

Sex 0.138**

 Female 15 18

 Male 31 19

Stone Side 0.284**

 Right 17 18

 Left 29 19

Stone location <0.001**

 Kidney 8 23

 Upper two-thirds of ureter 18 1

 Lower third of ureter 20 13

Volume (mm3) 37.5 (range 5–425) 28 (range 4–412) 0.39*

Hydronephrosis 36 12 <0.001**

Table 1. Comparison of patients and stone data between cases presenting microhematuria and non-microhematuria.

* Mann-Whitney test; ** Chi-square test.
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knowledge, this is the first study to compare stone volume 
and microhematuria. However, there was no statistically sig-
nificant difference between these parameters. Our study em-
phasizes that microhematuria is closely correlated with hy-
dronephrosis and presence of ureteral stone (especially upper 
two-thirds ureteral stones).

Previous studies have reported inconsistent outcomes regard-
ing the sensitivity of microhematuria for diagnosing urolithi-
asis in patients with flank colic pain, including different num-
bers of patients, use of a variety of examinations as the gold 
standard, different urine tests, and different cut-off values for 
defining microhematuria [5–10]. These studies also confirmed 
that CT is considered the gold standard for diagnosing uroli-
thiasis and is now universally accepted as the preferred meth-
od [11]. However, in these studies, cumulative stone diame-
ter was compared with microhematuria in CT evaluation [5,8]. 
However, this measurement is not indicative of total stone bur-
den, particularly because each stone typically has a complex 
3-dimensional shape [4]. Perhaps due to fact that this reason, 
there is no agreement between microhematuria and presence 
of stone in these studies. However, stone volume is one of the 
best methods for estimation of stone burden [1], we did not 
find a correlation between stone volume and microhematuria, 
although the incidence of microhematuria seemed to increase 
from patients with stones sized 1–10 mm3 (42%) to patients 
with stones sized 75–100 mm3 (83%).

Looking for hydronephrosis as a surrogate marker for kidney 
stones, some studies reported a sensitivity and specificity of 
emergency ultrasound in patients with flank pain and micro-
haematuria of 88% and 85%, respectively [12]. Several studies 
found that ultrasound-detected hydronephrosis was present in 
approximately 90% of patients with urinary stones and colic pain 

[5,13,14]. In our study, hydronephrosis was present in 95% and 
91% of patients with urinary stones in the proximal two-thirds 
of the ureter and lower segment, respectively. Statistically sig-
nificant difference was found between the microhematuria and 
non-microhematuria groups for presence of hydronephrosis.

Kartal et al. [15] prospectively evaluated an algorithm in which 
patients with hematuria and hydronephrosis were spared of 
further testing; the authors reported that with use of this algo-
rithm, more than 50% of patients with acute flank pain were 
safely discharged from the emergency department. The au-
thors concluded that ultrasound can be safely employed us-
ing this diagnostic approach.

A few studies have investigated the possible association be-
tween stone position and microhematuria. Xafis et al found 
no statistically significant correlation between the position of 
the stone and microhematuria [5]. However, we found a sig-
nificant positive correlation between the position of the stone 
(especially in the upper two-thirds of the ureter) and micro-
hematuria rate. This may be a result of continuing mucosal 
damage during passage of the stone in the proximal ureter. 
In a recent study that reported the role of US in the diagnosis 
of urolithiasis, Mos et al, using with a variety of maneuvers, 
successfully found 11 stones in the middle ureter among 217 
patients with urolithiasis [16]. The combination of urinalysis 
and ultrasound can be used to diagnose ureterolithiasis with-
out performing a CT scan.

In many centers MDCT has been used as the initial diagnostic 
tool in urolithiasis because it has been reported to be superi-
or to ultrasound, especially in ureterolithiasis [14,17,18], but 
this higher degree of accuracy may not always be necessary. 
Ureterolithiasis is generally a self-limited disease that can be 

Volume of stone 
(mm3) 

Total number of 
patients

Number of 
patients with 

microhaematuria 

Number of 
patients without 
microhaematuria

Incidence of 
microhaematuria (%) 

Incidence of 
hydroneprosis (%) 

1–10 12 5 7 42 33

10–25 23 12 11 52 74

25–50 19 12 7 63 68

50–75 8 5 3 63 62

75–100 6 5 1 83 67

100–150 2 1 1 50 0

150–200 5 2 3 40 20

200–250 5 2 3 40 60

250–500 3 2 1 67 33

Table 2. Size of stones and incidence of microhaematuria and hydronephrosis in patients with one stone.
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managed conservatively [19,20]. Spontaneous passage of a 
stone is probable when stone size is less than 5 mm [20,21]. 
Urgent intervention is seldom necessary. The complication 
rate from conservative management has been observed to be 
as low as 7% when symptoms last less than 4 weeks [20,22]. 
In addition to the information in favor of MDCT examination 
in the diagnosis of urolithiasis patients, its cumulative radia-
tion exposure is significant [20,23,24] and likely to be a pub-
lic health problem in the future [24,25]. Patients with a his-
tory of recurrent ureterolithiasis appear to be among those 
at highest risk for extreme radiation exposure from diagnos-
tic imaging [20,26]. Therefore, CT may be able not to be per-
formed, for example, in patients with microhematuria and no 
sonographic ureteral pathologies, including hydronephrosis and 
stones, if other probable diagnosis can be ruled out clinically 
at the emergency department as proposed by Kartal et al. [15].

Our results must be interpreted in light of several limitations. 
Firstly, our sample size was small because of strict inclusion 

criteria. We selected solitary urolithiasis and CSD <1cm in order 
to provide a standard. Secondly, the effect of hydration status 
on the ability of ultrasonography to detect hydronephrosis is 
well known; hydration status was not known for the patients 
in this study due to its retrospective nature.

Conclusions

Although stone volume is one of the best methods for reflec-
tion of stone burden, microhematuria is not correlated with 
stone volume. However, in patients with renal colic, microhe-
maturia requires ultrasound examination whether hydrone-
phrosis and ureteral stones are present or not. Therefore CT 
can be avoided in patients with microhematuria and normal 
US, if renal colic is the only diagnosis suspected. Further stud-
ies with larger sample size are warranted.

There are no conflicts of interest.
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