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30 years (Segal et al. 1978; Tessler and Ghazi
1979). Initially, its primary utility was in diag-
nosing radiolucent stones (Segal et al. 1978;
Tessler et al. 1979; Federle et al. 1981). However,
it was eventually demonstrated that NCCT had
improved sensitivity for diagnosing ureteral
stones in patients with flank pain compared with
IVP (Smith et al. 1995). Currently, NCCT is con-
sidered the first-line imaging study for the evalu-
ation of the patient with acute flank pain
(Westphalen et al. 2011). The reported sensitivity
for diagnosing a ureteral stone in a patient with
acute flank pain ranges from 95% to 98% and the
specificity ranges from 96% to 98% (Smith et al.
1996; Dalrymple et al. 1998; Vieweg et al. 1998).
In addition to being able to identify the stone,
NCCT allows for evaluation of secondary signs
of obstruction associated with ureteral stones. In
one study, NCCT was able to identify hydroureter
in 82.7%, hydronephrosis in 80%, peri-ureteric
edema in 59%, and unilateral renal enlargement
in 57.2% of patients with ureteral stones (Ege
et al. 2003).

There are other advantages NCCT holds
over IVP and other imaging modalities for the
evaluation of acute flank pain. NCCT is quickly
performed and does not require intravenous
contrast. Unlike plain radiography such as KUB
and IVP, NCCT can detect stones of almost any
composition. The exception to this are stones
formed by protease inhibitors, such as indinavir,
which may not be visible on NCCT (Sundaram
and Saltzman 1999). However, often in these
cases, there are secondary signs of stones such
as hydroureter and periureteral or perinephric
inflammation which aide in the diagnosis
(Sundaram et al. 1999).

Another advantage of NCCT in the evalua-
tion of the patient with acute flank pain is the
ability to evaluate the rest of the abdominal and
pelvic viscera and possibly identify other causes
for pain. In one study evaluating 1,000 consecu-
tive NCCT performed for the evaluation of renal
colic, an alternative diagnosis was made in
10.1% of the cases (Katz et al. 2000). The
majority of these diagnoses were related to the
genitourinary system. Ureteral stones or signs

suggestive of recently passed ureteral stones
were identified in 62.4% of the patients, and
27.5% of the NCCT were considered negative
for any pathology. Another report looking at
1,500 NCCT for the evaluation of flank pain
with a suspected stone found 24% of the patients
had alternative CT findings without a urinary
calculus, and 7% had a negative CT (Hoppe
et al. 2006). A urinary stone was identified in
69% of patients. An additional pathological
condition was found in 47% of the patients who
were diagnosed with a stone.

Beyond diagnosing urolithiasis, NCCT is
useful in preoperative planning for the treat-
ment of stones. Stone size and location are eas-
ily evaluated with NCCT. Skin to stone distance
as determined on preoperative NCCT is an
independent predictor of successful treatment
of SWL (Pareek et al. 2005; Perks et al. 2008;
Patel et al. 2009; Wiesenthal et al. 2010). The
greater the skin to stone distance, the lower the
efficacy of SWL. A skin to stone distance greater
than or equal to 11 cm has been associated with
worse stone-free outcomes for SWL (Patel et al.
2009; Wiesenthal et al. 2010). Prone NCCT can
be useful for preoperative evaluation prior to
PNL. Prone NCCT can determine the anatomic
relations of adjacent organs and the pleura with
upper pole calyces (Hopper and Yakes 1990; Ng
et al. 2005). This can be useful in risk stratifying
patients for potential organ injury when planning
upper pole access.

Stone composition can be identified as well.
Hounsfield units (HU) or CT attenuation has been
most commonly used to aide in the identification
of stone composition (Mostafavi et al. 1998).
Brushite stones and calcium oxalate stones were
shown to have the highest CT attenuations, aver-
aging over 1,400 HU. Uric acid stones had the
lowest CT attenuation, on average 409 HU. These
measurements have clinical implications when
planning surgical treatment treatments. A num-
ber of reports demonstrated that the efficacy of
shock wave lithotripsy (SWL) is affected by stone
attenuation on NCCT (Joseph et al. 2002; Perks
et al. 2008; Shah et al. 2010; Wiesenthal et al.
2010). In a series looking at 30 patients who
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underwent SWL, the authors found that the suc-
cessrate for fragmentation (54 %) was significantly
lower for stones with a CT attenuation greater
than 1,000 HU when compared with stones with
attenuations 500-1,000 HU (86.7%) or less than
500 (100%) (Joseph et al. 2002). Another group
reported a significantly higher effectiveness
coefficient for SWL treating stones with attenua-
tion less than 1,200 HU versus those with greater
than 1,200 HU (80.4% vs. 66.2%, p=0.03) (Shah
et al. 2010). Two reports have demonstrated that
stone attenuation less than 900 HU is an indepen-
dent predictor of SWL success (Perks et al. 2008;
Wiesenthal et al. 2010). Dual-energy NCCT can
be used to determine stone composition as well
(Ferrandino et al. 2010; Zilberman et al. 2010;
Manglaviti et al. 2011). In an in vivo study, dual-
energy NCCT was able to accurately determine
and differentiate stone compositions, including
stones of mixed composition (Zilberman et al.
2010). The ability to accurately identify stone
composition with NCCT can direct both surgical
management and metabolic workup.

2.2.2 Radiation Exposure

The utilization of CT scans has rapidly increased
in the United States over the past 30 years. In
2006, there were estimated 62 million CT scans
performed in the United States (Brenner and Hall
2007). It estimated that an additional 29,000 can-
cers could be related to CT scans performed in the
United States in 2007 (Berrington de Gonzalez
et al. 2009). From 1996 to 2007, the use of NCCT
to assess patients with suspected urolithia-
sis increased significantly from 4% to 42.5%
(Westphalen et al. 2011). The use of NCCT for
evaluation of flank pain in the emergency room
has increased significantly over the past decade
(Hyams et al. 2011). Patients receive a median
of 1.7 CT scans in the 1 year period following an
acute stone event (Ferrandino et al. 2009).

The advent of newer CT scanners and newer
software has allowed for lower radiation doses
while maintaining diagnostic accuracy for the
imaging of nephrolithiasis. There have been a

number of reports assessing “low-dose” CT for
the evaluation of stones and renal colic (Kim
et al. 2005; Kluner et al. 2006; Poletti et al. 2007;
Jellison et al. 2009; Jin et al. 2010; Zilberman
et al. 2011). One report compared a standard
NCCT at a dose of 7.3—10 mSv versus a low-dose
NCCT at 1.4-1.97 mSv for the evaluation of
acute renal colic (Kim et al. 2005). The low-dose
NCCT had equivalent sensitivities to the standard
NCCT for the diagnosis of a ureteral stone except
in cases of stones <2 mm. In these cases, low-
dose NCCT did not perform as well as standard
dose NCCT (Kim et al. 2005). In another evalua-
tion of low-dose versus standard dose NCCT for
the evaluation of acute renal colic, low-dose
NCCT achieved sensitivities and specificities for
diagnosing a stone or indirect signs of a stone
approaching standard dose NCCT (Poletti et al.
2007). The authors in this trial did report
decreased sensitivity and specificity for the diag-
nosis of ureteral calculi with patient body mass
index (BMI) greater than 30 kg/m?, 50% and 89%
respectively, compared to 95% and 97% in non-
obese patients (Poletti et al. 2007). Low-dose
NCCT has been shown to be useful for the fol-
low-up of recurrent stone formers to evaluate for
new stone formation or stone growth (Zilberman
et al. 2011). A recent meta-analysis of studies
evaluating low-dose NCCT demonstrated a
pooled sensitivity of 97% and specificity of 95%
(Niemann et al. 2008). Low-dose NCCT appears
to perform as well as standard NCCT for the
evaluation of urolithiasis, and in cases where
NCCT is to be performed, low-dose NCCT
should be considered the first-line imaging
study.

2.2.3 Recommendations

Non-contrast CT of the abdomen and pelvis
should be considered the first-line imaging study
for patients presenting with acute renal colic and
suspected urolithiasis due to its exceptional sen-
sitivity and specificity for identifying a stone or
secondary signs related to obstruction. The exception
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to this would be in pediatric patients and preg-
nant women due to the increased risks from radi-
ation exposure in these populations. However,
the use of low-dose NCCT has been reported to
be safe during pregnancy (White et al. 2007).
A low-dose NCCT should be used in lieu of a
standard dose NCCT due to similar sensitivity
and specificity and decreased radiation exposure.
NCCT should be considered in the planning of
surgical interventions. The information provided
by a NCCT about stone size, location, and com-
position aide in determining appropriate surgical
management. Performing NCCT in the prone
position also helps to risk stratify patients under-
going PNL for injuries to adjacent organs.

2.3 Ultrasound

2.3.1 Indications

Ultrasound is commonly used to evaluate for uro-
lithiasis. The main advantage of ultrasound over
NCCT is that it exposes patients to no radiation.
This advantage comes at a cost of decreased sen-
sitivity and specificity, especially for ureteral cal-
culi. Using NCCT as the standard, the sensitivity
of ultrasound for diagnosing renal stones ranges
from 29% to 81% (Fowler et al. 2002; Unal et al.
2003; Ulusan et al. 2007; Viprakasit et al. 2011).
The specificity ranges from 82% to 90% (Fowler
et al. 2002; Unal et al. 2003; Ulusan et al. 2007).
Ultrasound is less accurate at imaging ureteral
stones. The sensitivity of ultrasound for the detec-
tion of ureteral stones in patients with acute renal
colic ranges from 11% to 93% (Yilmaz et al.
1998; Sheafor et al. 2000; Hamm et al. 2001;
Patlas et al. 2001; Unal et al. 2003; Ripolles et al.
2004). The specificity for ureteral stones ranges
from 87% to 100% (Yilmaz et al. 1998; Sheafor
et al. 2000; Hamm et al. 2001; Patlas et al. 2001;
Unal et al. 2003; Ripolles et al. 2004).

Similar to NCCT, ultrasound can identify
alternative causes for renal colic. In a study
of 45 patients with renal colic who underwent
both NCCT and ultrasound, the sensitivity for
ultrasound diagnosing a ureteral stone was 61%

versus 96% for NCCT (p=0.02) (Sheafor et al.
2000). However, the sensitivity for ultrasound
in determining any cause for renal colic, such
as hydronephrosis, stones, or appendicitis, was
85%. In another report comparing ultrasound
and NCCT for the evaluation of renal colic in 62
patients, the sensitivity of ultrasound detecting
a ureteral stone was 93% (Patlas et al. 2001).
Ultrasound was able to find an alternative diag-
nosis in six patients including appendicitis,
cholecystitis, cholelithiasis, adnexal mass, and
torsed ovary. Ultrasound is also very good at
identifying secondary signs of obstruction dur-
ing renal colic. The sensitivity and specificity of
ultrasound for the diagnosis of obstruction has
been reported to be as high as 100% (Ripolles
et al. 2004). In patients with confirmed renal
colic, ultrasound identified hydronephrosis in
95%, ureteral dilation in 89%, and perirenal fluid
in 23% (Ripolles et al. 2004). Ultrasound has
been shown to be effective at identifying stones
in the distal ureter. One prospective study looked
at patients diagnosed with distal ureteral stones
on an initial NCCT (Moesbergen et al. 2011).
On follow-up, the patients were imaged with
ultrasound in addition to either repeat NCCT
or radiography. The sensitivity of ultrasound on
follow-up was 94.3%, and the specificity was
99.1%. The benefit of using ultrasound for the
follow-up of ureteral calculi is it reduces the
patient’s radiation exposure.

The limitations of ultrasound for identifying
stones are related to stone location, size, and
patient size. As stated above, ultrasound is less
sensitive at detecting stones in the ureter than
in the kidney (Yilmaz et al. 1998; Sheafor et al.
2000; Hamm et al. 2001; Patlas et al. 2001;
Fowler et al. 2002; Unal et al. 2003; Ripolles
et al. 2004; Ulusan et al. 2007; Viprakasit et al.
2011). In a retrospective study of 228 patients
with renal colic and suspected ureteral stones
who were evaluated with ultrasound and then
treated with ureteroscopy for ureteral stones,
the sensitivity of ultrasound was 86.4% (Pichler
et al. 2011). The stone size was significantly
smaller in the patients in whom ultrasound failed
to diagnose a stone (4 mm vs. 6 mm, p<0.001). In
addition to difficulties identifying smaller stones,
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ultrasound has been shown to overestimate
stone size compared to NCCT (Ray et al. 2010).
In one report, the mean stone size on NCCT was
7.4+4 mm versus 9.2+5 mm (p=0.018) (Ray
et al. 2010). This can have implications when
counseling patients on likelihood of stone pas-
sage and when discussing treatment options.
Patient body habitus is another factor that can
affect the accuracy of ultrasound. Increased skin
to stone distance leads to increased discordance
between ultrasound and NCCT for the measure-
ment of stone size (Ray et al. 2010). The ability
of ultrasound to detect stones has been shown to
be lower in patients with higher BMI (Pichler
et al. 2011).

There are certain signs and techniques that
can improve the sensitivity of ultrasound.
Doppler ultrasound can be useful to aide in the
detection of stones. One sign that can be evalu-
ated using Doppler ultrasound is the “twinkling
sign” (Mitterberger et al. 2009). The “twinkling
sign” is color-flow Doppler ultrasound artifact.
It appears as random color encoding in the area
behind the stone where shadowing would be seen
in traditional B-mode ultrasound. Doppler ultra-
sound utilizing the “twinkling sign” has been
shown to outperform gray scale ultrasonography
for the detection of urolithiasis (Mitterberger
et al. 2009). In this report, Doppler ultrasound
was able to detect 97% of stones versus 66% for
gray scale ultrasound. Another measurement that
can improve ultrasound detection of stones and
obstruction is the resistive index (RI) (Shokeir
and Abdulmaaboud 2001; Gandolpho et al. 2001;
Pepe et al. 2005; Andreoiu and MacMahon 2009;
Kavakli et al. 2011). Using IVP as the standard,
RI was shown to have a sensitivity of 88% and
a specificity of 98% for ureteral obstruction
(Shokeir AA, Abdulmaaboud M 1999). The RI
in obstructed kidneys was significantly greater
than the RI in non-obstructed kidneys, 0.73 ver-
sus 0.64 (p<0.001). In a prospective study com-
paring NCCT and Doppler ultrasound with RI
for the detection of ureteral obstruction using
IVP as the standard, both NCCT and Doppler
ultrasound performed equally well (Shokeir
and Abdulmaaboud 2001). The sensitivity and
specificity for the diagnosis of ureteral obstruc-

tion for NCCT was 96% and 96% compared to
90% and 100% for Doppler ultrasound. Using a
RI of 0.70 and a 10% difference in RI between
kidneys as diagnostic of obstruction, the sensi-
tivity and specificity of ultrasound for the diag-
nosis of ureteral obstruction can be improved
from 94.8% and 55.5% to 98.9% and 90.9%
(Pepe et al. 2005). The finding of ureteral jets on
Doppler ultrasound can be a useful adjunct to RI
in ruling out obstruction (Gandolpho et al. 2001;
Andreoiu and MacMahon 2009). Color Doppler
ultrasound and measurement of RI is a useful
adjunct to gray scale ultrasonography to improve
the sensitivity and specificity of diagnosis ure-
teral obstruction in patients with renal colic.

2.3.2 Recommendations

Ultrasound should be considered the first-line
imaging study for the evaluation of renal colic
in pediatric patients and pregnant women given
the lack of radiation exposure. Ultrasound is an
acceptable alternative to NCCT in adults with
suspected urolithiasis; however, it has decreased
sensitivity and specificity compared to NCCT,
particularly for the diagnosis of ureteral stones.
Ultrasound can overestimate stone size; there-
fore, in cases where the stone size may affect the
type of surgery a patient is offered, consideration
should be made to obtain a NCCT prior to sur-
gery. Ultrasound is also limited in obese patients.
In obese patients in whom there is a high index
of suspicion for urolithiasis and a negative ultra-
sound, NCCT should be obtained. Ultrasound
can be useful for follow-up in patients who are
diagnosed with distal ureteral stones with evi-
dence for obstruction on NCCT and are offered
conservative management to rule out persistent
obstruction. It is also useful for follow-up of
patients who undergo uncomplicated surgical
procedures to rule out new or residual obstruc-
tion. In patients in whom it is important to deter-
mine stone-free status postoperatively, NCCT
should be performed due to its increased sensi-
tivity. Finally, color Doppler is a useful adjunct
to gray scale ultrasonography to aide in the diag-
nosis of stones or ureteral obstruction.
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2.4 Plain Radiography
2.4.1 Kidneys, Ureters,

and Bladder (KUB)

The majority of stones are calcium containing
and therefore would be expected to be visible
on KUB. However, the sensitivity of KUB for
diagnosing urolithiasis has been reported to be
45-58% (Mutgi et al. 1991; Levine et al. 1997,
Jackman et al. 2000; Johnston et al. 2009). The
specificity of KUB is between 69% and 77%
(Mutgi et al. 1991; Levine et al. 1997). The fac-
tors that contribute to this low sensitivity and
specificity include overlying bowel gas, extrare-
nal and extra-ureteral calcifications, and patient
body habitus (Sandhu et al. 2003). The use of
tomography has been shown to improve the
diagnostic accuracy of KUB for the evaluation
of nephrolithiasis (Goldwasser et al. 1989). In
46% of patients, additional stones were seen on
tomograms versus KUB, and in 8% of patients,
stones were not seen on KUB but were identified
on tomograms.

Despite the limitations of KUB, it is still
useful in the evaluation of patients with uro-
lithiasis. It is often used as an adjunct to ultra-
sound in the evaluation of patients with renal
colic. Ultrasound combined with KUB has been
demonstrated to have a sensitivity of 96% and a
specificity of 91% for the diagnosis of ureteral
calculi (Mitterberger et al. 2007). It is recom-
mended that KUB be performed prior to ultra-
sound as KUB can identify calcifications and
direct the ultrasound examination. Ultrasound
can then be used to confirm these calcifications
are stones. KUB also has utility in preopera-
tive planning. It can determine radiopacity and
ability to target with fluoroscopy prior to SWL.
In one study, a KUB was obtained after a stone
was diagnosed on NCCT (Lamb et al. 2008).
The KUB changed the surgical management
in 17 out of 100 cases. When compared to a
scout image from a NCCT, KUB is more sen-
sitive for identifying stones (Jackman et al.
2000; Johnston et al. 2009). Therefore, scout
images from NCCT cannot be used as a sur-
rogate for a KUB. If surgical intervention with

SWL is planned, a KUB should be obtained
to determine if the stone will be visible on
fluoroscopy.

2.4.2 Intravenous Pyelography (IVP)

Prior to the development of NCCT, IVP was con-
sidered the standard imaging technique for the
evaluation of renal colic. However, NCCT has
been shown to be superior in identifying stones in
patients with renal colic (Smith et al. 1995; Pfister
et al. 2003). In a prospective randomized trial
comparing NCCT with IVP for the evaluation of
acute flank pain, NCCT was shown to have supe-
rior sensitivity and specificity compared to IVP
(Pfister et al. 2003). The sensitivity and specificity
of NCCT was 94.1% and 94.2% compared to
85.2% and 90.4% for IVP. Other disadvantages of
IVP are the need for intravenous contrast and the
longer amount of time to perform the exam. IVP
does have some utility in evaluating for obstruc-
tion and relative renal function. Contrasted images
of the ureter can be useful in evaluating patients
for ureteral strictures. It also provides detailed
pelvi-calyceal anatomy which can be useful in
planning surgical interventions, especially in
those individuals with urinary tract anomalies.

2.4.3 Radiation Exposure

The effective dose for a KUB and IVP has been
reported to be approximately 1.3 and 3 mSyv, respec-
tively (Mettler et al. 2008). The number of images
obtained during an IVP affects the dose, with the
more shots taken the higher the effective dose. The
use of tomograms with a KUB increases the dose of
radiation. One study comparing the effective dose
of a NCCT with KUB and tomograms found that
the NCCT exposed patients to less radiation (Wang
etal. 2011). The effective dose of the KUB was cal-
culated to be 0.67 mSyv, and the effective dose of
each tomogram was 1.1 mSv. The effective dose of
a “low-dose” NCCT was 3.04 mSv. Typically, when
KUB and tomograms are performed, a KUB is
taken along with 3—4 tomograms. This yields a total
dose of 3.97-5.07 mSv.
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2.4.4 Recommendation

The role of KUB in the evaluation of urolithiasis
is limited. It is a useful adjunct to ultrasound. It is
also valuable to obtain a KUB for preoperative
planning if SWL is being considered. KUB has
limited utility as a follow-up exam for recurrent
calcium stone formers to monitor their stone bur-
den. If KUB and tomograms are to be obtained,
consideration should be made to obtain a “low-
dose” NCCT as the NCCT is more sensitive and
exposes patients to less radiation. The main use
of an IVP is in delineating the pelvi-calyceal
anatomy and evaluating patients for obstruction.

25 Magnetic Resonance
Imaging (MRI)
2.5.1 Indications

Calculi cannot be directly visualized using MRI.
However, MRI can detect secondary signs of
obstruction and can evaluate for possible alternative
etiologies of pain. A number of different techniques
and sequences have been proposed for the evalua-
tion of urolithiasis. The most common technique is
to look at the T2-weighted images and assess for
signs of obstruction or look for filling defects which
may be stones (Sudah et al. 2001, 2002; Regan
et al. 2005; Kalb et al. 2010). In the evaluation of
acute renal colic, the findings of perirenal fluid and
ureteral dilation had a sensitivity and specificity of
93% and 95% for the diagnosis of ureteral calculi
(Regan et al. 2005). Using a three-dimensional fast
low-angle shot (3D FLASH) sequence, one group
reported sensitivity between 96.2% and 100% and
specificity of 100% for the diagnosis of a ureteral
stone (Sudah et al. 2001). This was superior to
T2-weighted images, but it required gadolidium
contrast. The 3D FLASH sequence combined with
T2-weighted images has been shown to be as sensi-
tive and specific for the diagnosis of ureteral stones
as NCCT (Sudah et al. 2002).

The advantage of MRI over NCCT is it does
not expose patients to ionizing radiation. The dis-
advantages of MRI include cost and the length of
time the imaging takes to complete. MRI also cannot

directly image a stone, so assessing for stone size
can be difficult. Gadolidium contrast can aide in
the measurement of stone size (Sudah et al. 2002).
The use of gadolidium can add time to the study
and adds the risk of contrast reaction.

2.5.2 Recommendations

MRI is not routinely used in the evaluation of
urolithiasis. The fact that it does not expose
patients to any radiation makes useful as a sec-
ond-line study in pediatrics and pregnant women.
In pediatrics, it can be helpful in delineating com-
plicated anatomy such as calyceal diverticulum
prior to surgical intervention. It can be useful to
confirm obstruction and possibly identify a ure-
teral stone in pregnant women with renal colic
and an equivocal ultrasound.

2.6 New Technology

2.6.1 Digital Tomosynthesis
Digital tomosynthesis (DT) is a new imaging
technology that has potential applications for the
evaluation of urolithiasis. In DT, a single scout
KUB is taken. This is followed by a single tomo-
graphic sweep over a limited angle. A digital flat
panel detector records the data from the sweep,
and software reconstructs the data to provide
high-resolution “slice” or coronal images at vary-
ing depths (Fig. 2.1). The image in each slice
removes overlying structures such as bowel gas
and provides depth information. The resolution
of the images can allow for visualization of the
collecting system. The depth information is use-
ful in differentiating a calcification in the ureter
versus an overlying spinal transverse process.
The primary current uses for DT are in chest
radiography and breast imaging (Dobbins and
McAdams 2009; Hakim et al. 2010). There have
been reports of its use for the evaluation of uro-
lithiasis (Mermuys et al. 2010; Wells et al. 2011).
One study compared the ability to detect stones
by DT and a KUB combined with a zoomed in
shot of the pelvis using NCCT as the standard
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Fig.2.1 Comparison of digital tomosynthesis (a) and a standard tomogram (b) in the same patient

Table 2.1 Comparison of different imaging modalities for the evaluation of nephrolithiasis

Diagnostic accuracy

Non-contrast computed tomography +++
Ultrasound A
Plain abdominal radiography +
Excretory radiography ++
Magnetic resonance imaging ++
Digital tomosynthesis ?

(Mermuys et al. 2010). The authors found that
DT was superior to KUB for the identification of
renal stones but not ureteral stones. Another study
looked at using DT to perform an IVP (Wells
et al. 2011). In this study, two uro-radiologists
evaluated the subjective diagnostic quality of tra-
ditional IVP and IVP with DT. They found that
95.5% of the IVPs with DT were of diagnostic
quality versus 46.5% of the traditional I'VPs.
In addition, the dose of radiation was lower for
the IVP with DT, and they took less time. The
dose of radiation from DT has been shown to be
lower than that of a “low-dose” NCCT (Mermuys
et al. 2010; Wang et al. 2011) (Table 2.1).
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