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Abstract. Should renal resistive index be considered as a routine predictor in newly diagnosed acute
hydronephrosis in patients with unilateral renal colic? Hamid Dahmarde, Faramarz Fazeli. Urinary tract stones are
the most common causes of urinary tract obstruction, leading to patient hospitalization in the emergency room. This study is
aimed to evaluate the use of the mean resistance index (mRI) to predict hydronephrosis in patients admitted for acute renal
colic. This prospective study was performed on 100 patients who were admitted to the emergency department (ED) with
unilateral renal colic (RC) problem. At the first visit, the following was done for all patients: 1. blood was taken from them for
laboratory studies; 2. ECG and cardiological test; 3. plain film of the urinary tract; 4. abdominal US; 5. bilateral color doppler
ultrasound (CDUS) with renal RI measurement. Based on the information collected at different times during the experiment,
patients were divided into two groups: the group that showed signs of dilatation (group A) and the group with hydronephrosis
(group B). The obtained data were analyzed statistically by SPSS version 20. A mRI with a 0.68 cut off value was the most
accurate (AUC:0.878), and Sensitive (90%) cut-off value for prediction of hydronephrosis development among patients
presenting with RC and renal stone. This cut-off value also provided the highest positive (94%,) and negative (76%) predictive
values. CDUS with RI measurement is an easy and non-invasive method that provides useful information about urinary tract
obstruction stones in patients with unilateral RC. In our study, this method was able to predict successfully the onset of acute
renal dilatation. This was done with different levels of sensitivity, specificity, accuracy and diagnostic efficiency that were higher
than ultrasound. Daily use of CDUS in ED can improve ultrasound, especially when other methods are contraindicated. For
example, the methods by which the patient is exposed to radiation (pregnancy, allergies, renal failure, etc.) or intravenous
injection of contrast agents (urography and CT).

Pedepar. Un caig po3riasaaTH HHUPKOBHIl pe3MCTHBHMIl iHAeKc SIK PYTHHHMII NpeIUKTOP NPH BHeplle
JAiarHOCTOBAHOMY rOCTPOMY TiipoHedPOo3i B NaNi€HTIB 3 0IHOCTOPOHHBLOI0 HUPKOBOIO KoJIiko0? I'amin laxmappae,
Dapamap3 Pazeni. Kaveni 6 cew08UBIOHUX ULTAXAX € HAUNOWUPEHIUON NPUYUHOIO OOCMPYKYIT CeYOBUBIOHUX ULTSXIB, WO
npu3eoouUms 00 20cnimanizayii nayienmie y 8i00ineHHsa HegiOKIaoHoI donomoeu. Lle docniodcenns mano Ha memi oyiHUmMu
BUKOPUCMAHHSL CepedHbo2o THOekcy pesucmenmuocmi (CIP) ons npoenosysanns 2ioponedposy 6 nayicumis, sKi 2ocnimani-
308aHi 3 npuBody 2ocmpoi Hupkosoi koniku. Lle npocnexmuegne docniodcenns 6yno nposedero na 100 nayienmax, sxi Oynu
20CNIManizo8ami 00 8I00LIEeHHs. HeBIOKIAOHOT 00NOMO2U 3 NPODAEMOI0 0OHOCMOPOHHLOT HupKoeoi koniku (HK). Ilpu nepwiomy
8I06I0y6aHHI 6cim nayieHmam Oyno suKoHaro: 1). 83amo kpos ons aabopamopHux docrioxcens, 2). EKI" ma kapoionozciune
docioxcents; 3). penmeern ceuo8ugionHux uwsixie; 4). aboominanvre Y3/ 5). 0606iune konbopose doniepiecoke yivmpasey-
Koee docnioocennss (KAVI) 3 eumiprosannam IP nupox. Ha niocmasi ingpopmayii, 3i6panoi é pisnuil yac nio uac excnepu-
MeHmy, nayienmis 0y10 po3nooileHo Ha O8I epynu: epyny 3 o3Hakamu ouiamayii (epyna A) ma epyny 3 zioponeghpozom
(epyna B). Ompumani 0aui 6yau cmamucmuyHo npoananizoéani 3a oonomoeoro npoepamu SPSS eepcii’ 20. CIP i3 nopocosum
suauennam 0,68 6yno naiibinow mounum (AUC:0,878), a maxosrc uymausum (90%) nopoeosum 3naueHusam 0 npocHO3Y8aHHs
po3sumky 2ioponegpo3y 6 nayicumie 3 HK ma nupkosum xamenem. Lle epanuune snauenHs makodic 3a0e3neyuno Hauguuyi
nosumusHi (94%) i necamugni (76%) npoernosni snauenns. K/[V] 3 sumiptosannam IP — ye npocmuii i HeineazueHull Memoo,
SKULL HA0A€E KOPUCHY THEOPMAYIIo Npo KameHi obCmpyKyil cevo8UBIOHUX ULIXIE V nayicHmis 3 00Hocmopoknvolo HK. V
HAWOMY OOCTONCEHH] 3a OONOMOZ0I0 YbO2O MEMOOY 80AI0CS YCRIUHO NEPe0bAUUmMU NOYATNOK 20CIPO20 POIUUPEHHSL HUPOK.
Le b6yno 3pobaeno 3 pisHUMU PIGHAMU YYMIUBOCI, CREYUDIUHOCMIE, MOYHOCME MA OIAZHOCMUYHOL eqheKmusHOCmi, sIKi OYu
BULYUMU, HIJIC YIbmpasgykose docuiodicenns. [1Jooenne euxopucmanns KV npu 6i00inenHi HesiOKIaoHoi donomozu modice
ROKpawumu yibmpaszeykose 00CONCEHHs, 0COOIUBO KoM iHul Memoodu npomunoxkasari. Hanpuxiao, cnocobu onpominenns
nayieuma (eazimuicme, anepeis, HUPKO8A HEOOCMAMHICHb MOW0) Ab0 6HYMPIUHbOBEHHE 66e0CHHS KOHMPACTHUX PeYO8UH

(vpoepagpis ma KT).
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Urinary tract stones are the most common causes of
urinary tract obstruction, leading to patient hospita-
lization in the emergency room [1, 2].

The most common symptoms are severe pain in the
abdomen and decreased urination, which can eventually
lead to kidney failure [3]. Renal colic usually begins
with pain in the lower back and reaches the hypochon-
drium or groin. This pain is usually periodic or wavy
(due to ureteral peristalsis), but sometimes it is constant
and continuous. Although it is one of the most severe
pains a person can experience, it does not leave any
permanent damage to the body. In certain cases, such as
when the stone is very large, surgery may be necessary.

The main cause of renal colic is kidney stones, but it
can have other causes, for example blood clot
movement arisen from trauma or neoplastic diseases or
urinary tract tumors or acute renal necrosis [4, 5].
Patients with renal colic (whatever the cause of the
disease) are at risk for complete or partial acute renal
obstruction. It ultimately leads to hydronephrosis and
can worsen renal function over time. Ureteral stone
disease is spreading around the world and the risk of it
progressing in the Western Hemisphere is higher than in
the Eastern. Reports indicate that the rate is 5-9% in
Europe, 12% in Canada and 13-15% in the United
States, while it is 1-5% in the Eastern Hemisphere.
However, in some Asian countries, such as Saudi Ara-
bia, it rises to 20.1% [6, 7]. Diagnosis of ureteral stones
or acute renal colic is done with radiography that is
mean US (Normal Ultrasound) and IVU (Intravenous
Urography) [8]. However, the obstruction may occur in
about 35% of cases without dilatating the pelvic system.
In many cases, severe dilatation may occur without any
obstruction. Often these cases are not detected by the
USG; for detecting it, we should use color doppler eva-
luation. When there is acute renal obstruction, renal
Doppler may show altered renal perfusion before dila-
tation of the pelvic system occurs [9]. Vasoactive factors
(which first cause vasodilatation and then vasocon-
striction) increase the internal resistance of the kidney.
Finally, diastolic blood flow is reduced compared to
systolic blood flow.

USG color Doppler measures these changes as the
resistance index (RI) of arched arteries at the junction of
the cortico-medullary or interlobar arteries. Thus, an
increase in the RI index indicates obstruction without
dilation. As for ultrasound, this method has a high
sensitivity and specificity for detecting urinary tract
obstruction. Sensitivity ranges from 91 to 92 percent
(and from 94 to 97 percent when accompanied by a
video recording of the urinary tract) and sensitivity
(probably referring to feature text) is about 90 percent.
However, its benefits (such as high reproducibility and
lack of exposure to radiation or iodinated contrast
agents, which make it safe even for pregnant women)
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should be weighed against its limitations. Its limitations
include the following; the results depend on the per-
formance of the operator; results are affected by patient
hydration; and the success rate in detecting stagnant
stones is variable (38-4%), especially in patients who
are very obese or patients who do not cooperate or those
who have to bloat and have a large amount of flatulence
[12, 13, 14]. Recent studies have shown that patients
with RC should have a Doppler color photograph of
their kidneys instead of a grayscale ultrasound. These
studies also showed that the renal internal resistance
index (RI) (which is one of the variables measured by
this method) increases in the presence of hydro-
nephrosis. It is clearly related to the severity and du-
ration of urinary tract obstruction [10, 11, 15, 16]. This
study aimed to evaluate the use of the mean resistance
index (mRI) to predict hydronephrosis in patients
admitted for acute renal colic.

MATERIALS AND METHODS OF RESEARCH

This prospective study was performed on
100 patients who were admitted to the emergency
department with unilateral RC problem. The criteria
for inclusion in this study are as follows:

1) The patient's history, clinical findings, and test
results should prove that the person does not have ne-
phropathy, obstructive uropathy, or metabolic diseases.

2) The patient's age is 50-20 years.

3) The patient has not received any medication
before the first visit.

4) The onset of symptoms is less than 4 hours
before enrollment in the study.

At the first visit, the following was done for all
patients:

1. Blood was taken from them for laboratory studies;

2. ECG and cardiological test;

3. Plain film of the urinary tract;

4. Abdominal US;

5. And bilateral color doppler ultrasound (CDUS)
with renal RI measurement.

All patients were treated with the same protocol,
which included intramuscular injection of ketoprofen
100 mg every 12-24 hours, and intravenous hydration
(2000 ml over 24 hours at a rate of 83 ml per hour)
(and ciprofloxacin 500 mg daily). Six hours after the
first visit, urinary ultrasound and CDUS were
repeated with bilateral RI measurements. The RI was
defined as “(peak systolic velocity minus end of
diastolic velocity)/Systolic velocity peak”. All pa-
tients underwent CT of the urethra without contrast
agents 48 to 60 hours after admission. Ultrasound was
also performed for all patients which was done in the
supine and lateral positions using the same devices as
before (namely, Philips Visor HD and Convex
Transformer 3-5: 5 MHz). CDUS measurements of RI
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(excluding alising and other artifacts) were performed
for each kidney's upper, middle, and lower parts
between the lobar arteries and the arc arteries. If the
average of the three numbers obtained in a kidney with
symptoms was more than 0.70, it meant that there was
an obstruction. This finding was reffered as positive
mean RI (mRIDp). Based on the information collected at
different times during the experiment, patients were
divided into two groups: the group that showed signs of
dilatation (group A) and the group that did not show
them (group B). The obtained data were analyzed
statistically by SPSS version 20 to obtain the following:

1) Possible differences between groups A and B.

2) The relationship between the onset time of
hydronephrosis and mRIp.

3) Possible association between mRIp and level,
degree and duration of urinary tract obstruction.

4) Sensitivity, specificity, positive and negative
prediction values and the efficiency of this method.

The research was approved by the ethics com-
mittee of Zahedan University of Medical Sciences
and was conducted in accordance with the principles
of bioethics set out in the WMA Declaration of
Helsinki — “Ethical principles for medical research

involving human subjects” and “Universal Decla-
ration on Bioethics and Human Rights” (UNESCO)."
All patients filled informed consent forms.

RESULTS AND DISCUSSION

This study was performed on 100 people with
unilateral renal colic who were referred to the
emergency department of which 74 were male, and
26 were female. This study was performed on people
aged 20-48 years and the mean age (£ SD) was
34.7+£7.92. According to the results, the mean (+ SD)
renal stone size was 8.654+3.16 mm, ranging from
3.8 mm to 21 mm. The results showed that 62% of the
stones were located in the calyx of the kidney and
17% in the pelvic. Fifteen percent of the stones were
in the upper 1/3 and 6% in the lower 1/3 of the ureter.

Urinary system status based

The second US in group A who previously had a
normal US showed mild and moderate hydro-
nephrosis in 56.7% and 3% of patients, respectively.
On the other hand the group B who previously mostly
showed mild hydronephrosis developed moderate
hydronephrosis in 33.3% of cases (Table 1).

Table 1

Frequency distribution of urinary system status in the first and second ultrasound

Expansion status of the pilocalis system First US Second US in group A Second US in group B
Normal 67 (67%) 27(40.3%) 0(0%)
Mild hydronephrosis 30 (30%) 38(56.7%) 22(66.7%)
Moderate hydronephrosis 3 (3%) 2(3%) 11(33.3%)
Severe hydronephrosis 0 (0%) 0 0(0)
Total 100 (100%) 67(100%) 33(100%)

The diagnostic performance of mRI

A mRI with a 0.68 cut off value was the most
accurate(AUC:0.878), and Sensitive (90%) cut-off
value for prediction of hydronephrosis development
among patients presenting with RC and renal stone.

This cut-off value also provided the highest positive
(94%) and negative (76%) predictive values. Mean
while ARI>0.06 was the least accurate (74%), and
sensitive (63%). Other diagnostic measures are men-
tioned in Table 2 and Figure.

Table 2

Sensitivity, specificity, positive and negative predictive value

of mRI with different cut-off values and ARI

Pvalue AUC NPV PPV Spe Sen FN FP TN TP Cut -off value
0.001< 0.878 0.76 0.94 0.85 0.90 7 4 23 66 0.685
0.001< 0.857 0.69 0.94 0.85 0.86 10 4 23 63 0.7
0.001< 0.741 0.46 0.92 0.85 0.63 27 4 23 46 ARI > 0.06
0.001< 0.816 0.58 0.93 0.85 0.70 16 4 23 57 AR120.45
74 Ha ymosax niyensii CC BY 4.0
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Ultrasonography is one of the primary tools for
diagnosing renal colic and renal obstruction. This
method strongly depends on the anatomical criteria
of pilocalis (PCS) system and ureteral dilatation,
which is proximal to the level of dilatation.

The previous studies have reported that the
sensitivity of US is >90% and its specificity is only
65-84% [18]. This is because US imaging may not
be able to detect obstruction in some cases, espe-
cially when the obstruction is very small or mild.
In individuals with calcaneal fornix or when the
PCS system is clotted, better and more practical
evidence of obstruction is provided by the doppler
US technique, which provides more information
about obstruction [19, 20]. Renal blood flow at the
site of obstruction is phasic [21, 22, 23, 24]. Firstly
the renal pelvic pressure is increased immediately
as a response to obstruction which is followed by
vasodilation [25-27].

However, when the obstruction is continued the
hormonal regulatory system provide vasoconstric-
tion. This vasoconstriction reduces renal blood
flow to the obstruction site; as a result, the process
of filtering urine is reduced, and the pressure the
intra pelvic pressure returns to normal [21, 24, 28].
Measuring the resistance index helps diagnosing
urinary tract obstruction, especially in patients with
unilateral renal colic that has just started [18, 29,
30, 31]. RI is easy to measure, and is provided by
the scanner itself. RI indirectly predicts resistance
in the renal vessels. In a person with a kidney
obstruction, this resistance increases. The reason
for this is the pressure within the blood vessels [18,
32]. If the RI value is greater than 0.70, it indicates
acute ureteral obstruction, as stated by Platt J. et al.
and Sauvain J.L. [18, 33]. Since then, many other
studies have been conducted to confirm these
findings [18, 29, 30, 31].

The studies by Rodgers P.M. et al. and Platt J.
et al. found that patients with acute renal obstruc-
tion had higher RI than those without them [18, 21].
It was also observed that the RI increased within
6 hours after admission to the hospital. All patients
with hydronephrosis had an increased RI during
this time. In this study, the sensitivity and
specificity of ARI were evaluated to predict the
onset of acute dilatation of the urinary system,
which. showed a high sensitivity, specificity and
positive predictive value with a threshold of 0.06
and a low negative predictive value to predict
obstructive hydronephrosis. The sensitivity and
specificity of ARI with the proposed threshold of
0.045 for predicting hydronephrosis had a higher
sensitivity and positive predictive value compared
to ARI=0.06 and had a higher negative predictive
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value, but their specificity was the same. These
results were similar to Granta A. etal and
Sayani M.A. et al. [14]. However, the low sensi-
tivity of the ARI in this study may be due to
included cases with partial ureteral obstruction.
Sayani M.A. et al. showed that the sensitivity of RI
in complete obstruction was 77.5% and its speci-
ficity was 84.3%. The sensitivity in cases with
partial obstruction was 22.8%, and the speci-
ficity was 84.3%.

Therefore, it was concluded that the doppler test
is not very good for detecting partial ureteral
obstruction, but the sensitivity and specificity of RI
in cases with complete obstruction were good
(especially ARI). Granta A. et al. showed that intra-
renal doppler is a method with high sensitivity and
specificity for the diagnosis of acute renal colic
obstruction in patients with renal insufficiency, who
are pregnant or who are allergic to contrast agents.

Quantitative studies have also shown that mRI
with color doppler is very useful for diagnosing
renal obstruction, especially in acute cases with
unilateral obstruction for 6-48 hours [19-29, 30,
31]. RI can estimate the degree of resistance in the
renal blood vessels [27], but various studies have
shown conflicting results. In the study of Tablin et
al, the sensitivity of doppler ultrasound was only
44% and its specificity was 82%. In a study done
by De Toledo L.S. et al., they found that an increase
in mR1I occurred, but it was for 24 hours after renal
colic. These differences were due to the patient's
clinical symptoms, which may not be related to
anatomical obstruction et al. [34].

Due to the above positive results, the diagnosis
of the disease using mRI has many limitations and
is affected by many factors for example: age,
plasma renin level, diabetes, blood pressure or
heart disease. Other kidney disorders may increase
the resistance index even if there is no obstruction
[36]. It is been proved that mRI is less sensitive to
detect partial obstruction than complete obstruction
(some specific studies have concluded) [29, 31].

It has also been reported that the increase in mRI
depends on the time elapsed after obstruction. As you
can see in the present study, an increase in mRI was
observed from 6-48 hours, which is consistent with the
rest of the studies [19, 37]. Updenker and colleagues
found that RI sensitivity increased 48 hours after
the onset of symptoms. Plott and colleagues
reported that more than 24 hours after the onset of
symptoms, mRI is not much higher. However,
Detoldo and colleagues stated, that the increased
mRI lasted 24 hours. All of these differences
depend on the clinical course of the obstruction.
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CONCLUSION

CDUS with RI measurement is an easy and non-
invasive method that provides useful information about
urinary tract obstruction stones in patients with uni-
lateral RC. In our study, this method was able to predict
successfully the onset of acute renal dilatation. This was
done with different levels of sensitivity, specificity,
accuracy and diagnostic efficiency. Daily use of CDUS
in ED can improve ultrasound, especially when other
methods are contraindicated. For example, the methods
by which the patient is exposed to radiation (pregnancy,
allergies, renal failure, etc.) or intravenous injection of
contrast agents (urography and CT).
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