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Abstract

Background: Urolithiasis is a prevalent global issue causing acute renal
obstruction. Timely and accurate diagnosis is crucial for effective management.
In this context, the use of intra-renal arterial Doppler study has emerged as a
promising non-invasive diagnostic tool. This study investigates its utility in
acute renal obstruction cases. Materials and Methods: In 52 patients with renal
colic, obstructed and unobstructed contralateral kidneys were evaluated with
doppler ultrasonography. Mean resistive indices and differences in resistive
indices (ARI) were calculated. Results: Higher mean Resistivity Index (RI) was
observed in obstructed kidneys (mean: 0.70+0.040) than in non-obstructed
kidneys (mean: 0.59 +0.042). RI was relatively higher in obstructed kidneys in
all the cases (p- Value 0.00008). The difference in RI between obstructed and
unobstructed kidneys (delta RI) was 0.10 +0.04. The study revealed that
Doppler ultrasonography, using discriminatory RI values (>0.70) and ARI
(>0.08) thresholds, showed promising sensitivity (86.54%) and specificity
(100%) for diagnosing acute renal obstruction. The sensitivity further increased
to 90.38% with discriminatory RI value >0.7 and ARI (>0.06). Conclusion:
Combining anatomical and functional insights, Doppler ultrasonography offers
accurate and timely diagnosis, reducing the need for ionizing radiation-based
imaging, time and cost.

INTRODUCTION

The evaluation and management of acute renal
reversible condition and

obstruction, a potentially

frequently caused by urolithiasis, sometimes present

about  patient
interventions.[®
The technique's non-invasiveness, lack of radiation,
real-time monitoring capabilities further
underscore its significance in diagnosing and

management and  potential

crucial challenges in clinical practice. Timely and
accurate diagnosis is pivotal to prevent irreversible
renal damage and ensure appropriate therapeutic
interventions.

The utilization of non-invasive imaging techniques
gains paramount significance in this context.ll One
such technique that has garnered increasing attention
is intrarenal arterial Doppler ultrasonography.
Intra-renal arterial Doppler study offers a unique
insight into the hemodynamic alterations that occur
within the kidneys during acute obstruction. Key
parameters, such as the Resistive Index (RI), derived
from the Doppler waveform can provide valuable
information about the resistance to blood flow within
the renal vasculature.®! An increased RI is indicative
of elevated vascular resistance, often observed in the
presence of acute obstruction. RI also correlates with
the degree of obstruction.[ Observing these dynamic
alterations, clinicians can make informed decisions

assessing renal obstruction, contributing to improved
patient care and outcomes,®! especially in situations
where exposure to radiation is contraindicated, such
as in pregnant females and pediatric population.

The relative accessibility and cost-effectiveness of
Doppler ultrasonography further enhance its
potential as an imperative diagnostic modality for
acute renal obstruction.[”!

MATERIALS AND METHODS

The present study was carried out at the Postgraduate
Department of Radiodiagnosis in Government
Medical College, Jammu. This observational cross-
sectional study spanned a year from November 2021
to October 2022 and was approved by the
Institutional Ethics Committee of the hospital.

A total of 52 patients were enrolled, following
specific inclusion and exclusion criteria. Inclusion
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criteria encompassed adults of both genders, aged
between 18 and 60 years, who presented with acute
unilateral flank pain of radiating or non-radiating
nature, within 48 hours of pain onset. Exclusion
criteria consisted of patients presenting after 48 hours
of pain onset, bilateral flank pain, absence of
obstruction evidence on imaging, known cases of
urolithiasis or chronic renal obstruction, known renal
parenchymal diseases or anomalies, extremes of age
groups (under 18 or above 60 years), and pregnant
females.

The study first employed Gray Scale
Ultrasonography using a curvilinear low-frequency
transducer to examine patients. The presence and
degree of hydronephrosis were assessed on the
symptomatic side, and possible obstructing calculi
were sought in the renal pelvis, pelvi-ureteral
junction, upper ureter, and if no definite stone was
visualized, further exploration was done through the
bladder, vesicoureteral junction and tracing the ureter
till iliac crossing. Graded compression with
insinuation was used if needed.

Doppler waveforms were recorded with appropriate
adjustments (PRF, gain, depth, filter wall and
Doppler frequency) from intrarenal
(interlobar/arcuate) arteries at the upper, middle, and
lower poles along borders of medullary pyramids, in
both the obstructed and contralateral non-obstructed
kidney. The difference of RI between both sides was
also calculated (ARI). In patients with non-
confirmatory ultrasonography, plain abdomen KUB
radiograph or non-enhanced CT abdomen-pelvis was
performed to seek obstructing calculus.

RESULTS

The study group comprised 52 patients, including 15
females and 37 males, with ages ranging from 19 to
58 years. The primary clinical manifestation was
flank pain, often accompanied by other symptoms
like nausea, vomiting, urinary urgency, frequency,
dysuria, burning micturition, and hematuria. Majority
of the patients presented within 12 hours of the onset
of unilateral flank pain (Table 1). Out of the total
patients, only 2 individuals sought medical attention
beyond 36 hours but within 48 hours of pain onset.

Among the patients, 65% reported pain radiating to
the ipsilateral lower abdomen or groin region.

Grey scale ultrasound identified dilated renal
collecting systems in most cases (50 out of 52). Grade
Il hydronephrosis was the most common (71%),
followed by grade | (19%), grade Il (6%), and no
significant dilatation (4%)(Table-2a,b).While most
cases were successfully identified by ultrasound, a
small portion required additional imaging modalities
for confirmation namely abdominal KUB
radiography (6%), or CT KUB(4%).

Analyzing the site of obstruction highlighted a higher
occurrence at the distal ureter (38%), followed by
proximal ureter (31%), vesico-ureteric junction
(21%), mid ureter (6%), and pelvi-ureteric junction
(4%)(Table-3).

The size of the obstructing calculus was also
investigated, with 73% falling in the 5.1-10.0 mm
range, 17% between 10.1-15.0 mm, 8% within 0-5.0
mm, and only 2% exceeding 15.0 mm.

Doppler Sonography was performed in all cases. The
crucial finding in the study pertained to the renal
Resistive Indices (RI). In obstructed kidneys, the
mean RI was 0.70+0.040, whereas in non-obstructed
kidneys, it was 0.59+0.042 (Figure-1,2). The
difference in RI between obstructed and non-
obstructed kidneys (delta R1) was 0.10£0.040. These
results demonstrated a higher mean RI in obstructed
kidneys compared to non-obstructed kidneys,
indicating increased resistance to blood flow in cases
of obstruction. This difference was statistically
significant (p-Value 0.00008). It was observed that
patients presenting within 6 hours of symptom onset
displayed a lower propensity for elevated RI or delta
Rl values (64.7%) compared to those presenting
later. The grade of pelvi-calyceal system dilatation
also influenced RI values, with higher grades
correlating to increased RI values.

In our study of 52 patients, utilizing a discriminatory
RI value >0.70 or ARI >0.08, we observed a
sensitivity of 86.54% and specificity of 100%.
Sensitivity of 82.69% was observed using
discriminatory RI value >0.70 with ART>0.08 and the
sensitivity ~ further increased (90.38%) when
discriminatory RI value >0.70 and ARI >0.06 were
taken into account. When only Rl >0.7 was taken into
consideration, sensitivity of only 46.15% was
observed.

Table 1: Resistive indices variation with duration of obstruction

DURATION NO. OF PATIENTS WITH PATIENTS WITH RI>0.70 OR ARI
PATIENTS RI>0.70 RI>0.08 >0.08
<6HRS 17 5 8 11 (64.7%)
7-12 HRS 19 11 16 17 (89.4%)
13 TO 24 HRS 8 3 7 7 (87.5%)
25TO 48 HRS 8 5 7 8 (100%)

Table 2a: Resistive indices variation with grade of HDN

GRADE OF PCS DILATATION | NUMBER OF PATIENTS | NO. OF PATIENTS WITH RI>0.70 OR ARI >0.08
[ 10 9 (90%)
I 37 30(81%)
1T 3 3(100%)
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Table 2b: Grey scale findings in obstructed kidneys

GRADE OF HDN/HDUN NO. OF PATIENTS PERCENTAGE OF PATIENTS
ABSENT 2 4
GRADE | 10 19
GRADE Il 37 71
GRADE Il 3 6
GRADE IV 0 0
TOTAL 52 100

Table 3: Site of obstruction

LEVEL OF OBSTRUCTION NO. OF PATIENTS PERCENTAGE OF PATIENTS
PELVI-URETERIC JUNCTION 2 4
PROXIMAL URETER 16 31
MID URETER 3 6
DISTAL URETER 20 38
VESICO-URETERIC JUNCTION 11 21
TOTAL 52 100

MEAN RESISTIVE INDEX

Obstructed kidney

Non-obstructed kidney

Figure 1: Mean resistive indices in obstructed and
unobstructed Kidneys

NUMBER OF PATIENTS

0.60-0.65

0.66-0.70 0.71-0.75 0.76-0.80
MEAN RI

Figure 2: Distribution of resistive indices values

DISCUSSION

Despite its promising prospects, research regarding
the application of intrarenal arterial Doppler study in
acute renal obstruction is still evolving 8. The role of
Doppler Ultrasonography has been a subject of
debate, as some studies have reported lower
sensitivities compared to more invasive techniques.
In our study of 52 patients, sensitivity of 86.54% and
specificity of 100% was observed by using
discriminatory RI value of >0.70 or ARI>0.08 for
acute renal obstruction.

Similar results were found in study by Saboo SS et
al., in which sensitivity and specificity obtained were
95% and 100 % respectively taking discriminatory RI
value >0.70 and ARI >0.06 into consideration 9. Our
results also correlate well with many studies reported
earlier like Apoku IN et al., with sensitivity and

specificity: 86.7% and 90% respectively,®l Gul H et
al,l*Y with sensitivity: 87% and Miletic D et al,[*d
with sensitivity and specificity: 95% and 100 %
respectively.

Doppler study stands as an invaluable asset in the
armamentarium of medical professionals managing
acute renal obstruction.™® The obstruction-induced
changes in the vascular dynamics, mediated by
vasoactive factors such as thromboxane A2,
angiotensin Il, endothelin, and nitric oxide, lead to
modifications in renal blood flow and vascular
resistance.[*41516] These changes can be assessed and
quantified through  Doppler ultrasonography,
providing valuable diagnostic information as well as
monitoring changes in renal blood flow over time.[*]
High-frequency sound waves bounce off red blood
cells within the renal arteries and the returning sound
waves, altered by the movement of blood, are then
analyzed to determine the speed and direction of
blood flow.'®1 The factors affecting Resistive
Indices, such as the duration of symptoms, site of
obstruction, PCS dilatation, and size of the calculus,
provides valuable insights into the complexity of
renal hemodynamics during obstruction. Moreover,
its ability to differentiate obstructive from non-
obstructive pelvicalyceal dilatation holds
significance in avoiding unnecessary
interventions.[*

Factors Affecting Resistivity Indices

1. Duration of symptoms (Table 1):

Patients presenting within 48 hrs after the onset of
symptoms were included in this study. Those
presenting within 6 hrs of onset showed least rise in
RI than the rest (64.7% vs. 92.3%). Similar results
were obtained in the study by Opdenakker L et al.[?%
2. Site of obstruction (Table 3):

The site of obstruction was proximal (including
pelvi-ureteric junction, proximal and mid ureter) in
21 (40%) cases and distal (including vesico-ureteric
junction and distal most ureter) in 31 (60%) cases.

A small difference of mean Rl was observed
depending on the level of obstruction with relative
higher values in case of proximal obstruction
(proximal= 0.71 vs. distal=0.70).
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However in the study conducted by Viyannan M et
al., the results were contrary.[®
3.PCS dilatation on greyscale ultrasound (Table 2A,
2B)
PCS dilatation was observed in 50 (96.15 %) patients
on grey scale ultrasonography, while it was absent in
2 (3.8%) patients. RI values were raised in either,
unrelated to presence or absence and grade of
hydronephrosis.
In patients with no PCS dilatation despite the
obstruction, Doppler sonography was sensitive in
diagnosing acute renal obstruction by showing a
raised RI value (>0.70).
4. Size of calculus
Average size of calculus in obstructed kidneys
demonstrating positive Doppler findings was 8.1
mm. In obstructed kidneys which failed to
demonstrate Doppler findings of obstruction, size of
calculus was 7.7mm with majority of these patients
presenting within 6 hours of onset (66.6%)
supporting the findings by Opdenakker L et al., that
duration of obstruction is more valuable than size of
the calculus and Doppler findings maybe
inconclusive when performed within 6 hours of
obstruction.[?%
Several factors can influence the accuracy and
interpretability of Doppler findings.?l Patient
characteristics such as obesity or body habitus can
pose challenges in obtaining clear and reliable
Doppler signals due to increased tissue depth and
decreased acoustic windows.!*° Additionally, patient
positioning and cooperation play a pivotal role in
obtaining accurate Doppler parameters. Patients with
significant pain, discomfort, or agitation might
exhibit variations in calculating hemodynamic
parameters, potentially affecting Doppler
measurements. 22l
Technical factors including the experience and skill
of the ultrasound operator can also impact the quality
of Doppler images.*®! Operator proficiency in
identifying renal anatomy, adjusting Doppler
settings, and accurately measuring parameters like
Resistive Index (RI) is crucial to ensure reliable
results. Vascular calcifications or atherosclerosis can
create signal attenuation or distortion, potentially
limiting the accuracy of flow velocity
measurements.? Recognizing and addressing these
related factors is vital for optimizing the utility of
intra-renal arterial Doppler study in acute renal
obstruction. Mitigating these influences through
appropriate patient selection, optimal positioning,
and skilled ultrasound operation, diagnostic accuracy
and clinical relevance of Doppler-derived
information can be enhanced, decisively facilitating
better decision-making and patient care.

CONCLUSION

Ultrasonography presents itself as a versatile, easily
accessible, and radiation-free tool that offers insights
into both anatomical changes and functional aspects
of renal obstruction. While renal scintigraphy

remains the gold standard, Doppler ultrasonography
has demonstrated its potential to provide accurate and
timely diagnosis, especially when ionizing radiation
exposure is a concern. The variability in sensitivity
and specificity observed across various studies
underscores the need for a comprehensive approach
in interpreting Doppler results, considering the
interplay of multiple contributing factors.
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