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Evaluation of acute partial unilateral ureteral obstruction based on
the renal venous impedance index in Rabbit: An experimental study
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Abstract: To investigate the feasibility of the venous impedance index (VII) in the diagnosis of acute partial unilateral ureteral
obstruction (APUUO), in this study we aimed to measure and compare changes in intrarenal venous flow and arterial flow. In New
Zealand rabbits (n=10) the left ureter was narrowed by ligation. Doppler ultrasonographic (US) examination of the interlobar arteries
and veins in both kidneys was performed preoperatively and 3, 6, 12, 24, and 48 h after ureteral ligation. Resistive index (RI), RI
difference (RIA) and the RI ratio (RIr), and the VII difference (VIIA) were calculated from RI and VII obtained from the obstructive
and nonobstructive kidneys. The RI and VII were postoperatively compared between the left and right kidneys. Although the mean RI
for obstructive kidneys was higher than those for nonobstructive kidneys, the difference was only statistically significant at 3 and 24 h
(P=0.007, and P=0.049, respectively). In all postoperative measurement times, RIA was >0.08 and RIr was >1.169, and the mean VII
values were significantly lower in the obstructive kidneys than the nonobstructive kidneys (P<0.002), and the VIIA was equal to or
greather than 0.159. The venous flow was more affected than arterial flow in the obstructive kidney. The renal RI alone was insufficient
as a diagnostic criterion. The renal VIIA >0.16 can be enhanced the diagnostic accuracy of in APUUO if used as a combination of the
RIA>0.08 and RIr>1.1.
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Tavsanlarda akut parsiyel unilateral iireteral obstruksiyonun renal vendéz impedans indeks ile
degerlendirilmesi: Deneysel calisma

Ozet: Akut parsiyel unilateral {reteral obstruksiyonda (APUUO)nun tanisinda vendz impedans indeksin (VII)
uygulanabilirligini arastirmak i¢in bu calismada intrarenal vendz akim ve arteriyel akim arasindaki degisiklikleri Slgmeyi ve
kargilastirmay1 amagladik. Yeni Zelanda tavsanlarinda (n=10) sol {ireter ligasyonla daraltildi. Her iki bobrekte interlobar arterlerin ve
venlerin Doppler ultrasonografik (US) incelemesi preoperatif donemde ve iireter ligasyonundan sonraki 3., 6., 12., 24. ve 48. saatlerde
yapildi. Resistif indeks (RI) farki (RIA), RI oranmi (RIr) ve VII farki (VIIA) obstriiktif ve nonobstriiktif bobreklerden elde edilen RI ve
VII’den hesaplandi. RI ve VII, biitiin postoperatif l¢iim zamanlarinda sol ve sag bobrekler arasinda karsilastirildi. Obstriiktif bobrek
icin ortalama RI, nonobstriiktif bobrekten daha yiiksek olmasina ragmen, istatistiki fark sadece 3. ve 24. saatlerde 6nemliydi (sirasiyla
P=0,007 ve P=0,049). Tiim postoperatif dl¢iim zamanlarinda RIA>0,08 ve RIr>1,169, ve ortalama VII degeri obstriiktif bobrekte
nonobstriiktif bobrekten daha diistiktii (P<0,002) ve VIIA degeri 0,159’a esit veya daha yiiksekti. Obstruktif bobrekte vendz akim,
arteriyel akimdan daha fazla etkilendi. Tanisal bir kriter olarak renal RI'nin tek basina yetersiz oldugu belirlendi. Renal VIIA>0,16
degeri, RIA>0,08 ve RIr>1,1 degerleri ile birlikte kullanilirsa, APUUOnun tanisal dogrulugu arttirilabilir.

Anahtar sozciikler: Bobrek, parsiyel unilateral iireteral obstriiksiyon, resistif indeks, tavsan, venéz impedans indeks.

Introduction compromised blood flow, elevated intrapelvic pressure,

Ureteral obstruction (UO) is one of the main and increased vasoactive and inflammatory mediators

pathologies of the urinary tract. The condition may be (30). Early diagnosis and treatment are essential if an

partial or complete, as well as unilateral or bilateral. If ~irreversible injury to the obstructed kidney is to be averted
untreated it leads to reversible and irreversible injury to  (2).

the kidneys and ureters. Etiological factors implicated in UO can be diagnosed by several imaging techniques.

renal  obstructive  parenchymal injury  include Radiography and grayscale ultrasonography (US) are
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usually employed in veterinary medicine. The grayscale
US can reliably detect collector system dilatation in the
kidneys, but it cannot by itself differentiate obstructive
from nonobstructive dilatation (20). Changes in perfusions
associated with dilatation of the collector system can be
assessed using color, power, and duplex Doppler US.
Duplex Doppler US examination of a renal arterial tree
involves the resistive index (RI) (19, 27). The Rl basically
indicates impedance, defined as downstream as resistance
and vessel compliance (7, 16). Renal RI is the most widely
employed Doppler US index in the evaluation of renal (12,
26) and renovascular (6) diseases, including obstructive
uropathy (4), and transplant kidney (23). Platt et al. (20)
described renal RI of 0.70 as a good discriminatory value
for obstructive uropathy, with an accuracy of 90%.
Doppler US has been described as an accurate tool for
distinguishing between obstructive and nonobstructive
dilatation (20). However, the specificity and sensitivity of
renal RI in showing a concurrent increase in resistance and
decrease in compliance are poor. Low downstream
resistance is usually observed on the venous side of the
arterial tree because the veins operate as capacitance
vessels. Venous impedance index (VII) is a term applied
to the venous side of the vascular tree. Interstitial pressure
takes place in acute, complete UO has been linked to a
decrease in VII (5).

Although both experimental and clinical studies have
investigated the diagnostic value of the RI in UO, there is
little focus on the VII value (5, 18, 29). Only one
experimental study has employed the VII value to assess
complete UO (24).

The aims of this study were (i) to measure changes
in intrarenal venous flow compared to arterial flow in
experimentally induced-acute partial unilateral ureteral
obstruction (APUUO) and (ii) to investigate the
practicability of renal VII value.

Materials and Methods

The Animal Care Ethics Committee of Akdeniz
University, Turkey, approved the study (No:
B.30.2.AKD.0.05.07.00). Ten mature male New Zealand
rabbits weighing 2.8-3.9 kg were housed at 25°C in a 12-
h dark/light cycle. Standard rat chow and free access to
water were provided.

Surgical procedure: All animals underwent
laparotomy under general anesthesia. The protocol
consisted of intramuscular administration of xylazine HCI
(5 mg/kg, Rompun®, Bayer, Turkey) and ketamine (35
mg/kg, Ketalar®, Pfizer, Turkey) for pre-anesthesia,
followed by induction and maintenance of general
anesthesia using inhaled isoflurane (1.5 %, Forane®,
Abbvie, Turkey) and 100% oxygen in an open system.

Once the left ureter had been exposed and isolated, partial
obstruction was induced through the insertion of a 24-
gauge intravenous catheter (0.7 mm diameter) from the
external aspect to the interior of the lumen of the left
proximal ureter. The ureter was then ligated from the
outside the lumen with 3-0 silk suture. The silicon part of
the catheter remained outside the lumen (3). All animals
received subcutaneous penicillin-G and subcutaneous
Butorphanol (0.3mg/kg, Butomidor®, Richter Pharma AG.
Austria).

Doppler US procedure: Rabbits were placed in the
lateral position so that the kidney to be examined. First,
the left kidney and then the right kidney were evaluated by
means of Doppler US (MINDRAY, DC-6Vet Model,
Shenzhen Mindray Bio-medical Electronics Co., LTD,
China). Ultrasonographic images were taken using a
microconvex, multifrequency probe (6.5-8.5 MHz) in
longitudinal and dorsal planes. Color Doppler mode was
used to identify intrarenal vessels. Sample volume was
placed on the interlobar vascular structure where the best
signal was obtained. Afterward, an arterial and venous
distinction was made from spectral samples obtained by
switching to Duplex Doppler mode. Both the wall filter
and sample volume were maintained at minimum levels
during the Doppler US examination. Spectral samples
were obtained at an angle less than 60°.

Doppler US parameters: The renal RI and VII
values were obtained preoperatively and postoperatively
at 3, 6, 12, 24 and 48 h after ureteral ligation from both
kidneys. The renal RI [(peak systolic velocity-end
diastolic velocity)/peak systolic velocity] was estimated by
means of peak systolic velocity and end diastolic velocity
following compilation of similar wave forms (n=3-5) from
interlobar arteries. Similar to the renal RI, the renal VII
[(peak flow signal-least flow signal)/peak flow signal] was
calculated from the spectrum obtained from interlobar
veins (Fig 1). The mean renal RI and VII values, obtained
from three different points for both kidneys for all
measurement times, were calculated and statistically
analyzed.

The RI difference (RIA) and RI ratio (RIr) from the
RI values of obstructive and nonobstructive kidneys for all
measurement times were calculated: RIA = RI of the
obstructive kidney-RI of the nonobstructive kidney and RIr
= RI of the obstructive kidney/RI of the nonobstructive
kidney. The VII difference (VIIA) from the VII values of
obstructive and nonobstructive kidneys for all
measurement times were calculated: VIIA = VII of the
obstructive kidney-VII of the nonobstructive kidney.

The renal RI> 0.70 (3), RIA >0.08 (10), and RIr
>1.10 (15) were considered as the threshold values for
APUUO's Doppler US diagnosis.
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Figure 1. Since the interlobar artery and vein run side by side, arterial and venous Doppler spectra can be obtained simultaneously in
the rabbit. The arterial spectrum is viewed as a monophasic wave above the baseline. The wide white arrow points to the peak systolic
velocity and the wide black arrow indicates the end-diastolic velocity. In the venous spectrum that appears below the baseline with its
wavy flow form, the white arrow indicates the peak flow signal and the black arrow indicates the latest flow signal.

Figure 2. Percutaneous antegrade pyelography was performed to confirm partial unilateral ureteral obstruction showing the left dilated
proximal ureter, the partial obstruction side (white arrow), the left distal ureter (black arrows), and bladder (wide arrow) in ventrodorsal

(A) and left lateral (B) radiograms.

Confirmation of APUUQ: Determination of the
dilated renal pelvis and/or proximal ureter, obstruction
site, distal ureter, and/or bladder were accepted as
criteria of APUUO for US-guided
percutaneous antegrade pyelography (UGPAP). Induction
of APUUO was confirmed by UGPAP (13) at 72 h on all
subjects following immobilization with propofol (10
mg/kg, IV, Pofol®, Sandoz, Turkey) (Fig. 2). UGPAP was
only applied to the obstructive (left) kidney. A 25-gauge,
2.5-inch spinal needle was introduced into the renal
cortex, perpendicular to the capsule, and advanced into the
renal pelvis during ultrasonographic guidance after the
kidney was visualized on the dorsal plane via US. The
stylet of the spinal needle was removed and some urine
was aspirated from pelvis renalis. Non-ionic contrast
agent (ultravist 370, Schering, German) was injected into

confirmation

pelvis renalis as much as the amount of aspirated urine,
and then the needle was removed. Left lateral and
ventrodorsal abdominal X-rays were taken.

Statistical Analysis: Power and sample size analysis
calculation (PS version 3.1.2., Vanderbilt University,
USA) revealed that replication should be 11 when the
mean difference in the renal VII of 0.25 between
obstructed and non-obstructed groups to be significant, in
a given standard deviation of 0.20 at the alpha error (Type
I) of 0.05 and power (beta error or Type 2 error) of 0.95.
Data were subjected to 2-way ANOVA with the repeated
measures option was employed to compare the mean RI
and mean VII difference between left and right kidneys as
well as among time points (SPSS version 21.0, SPSS Inc.,
Chicago, IL). Results were expressed as mean + standard
deviation. Statistical significance was set at P<0.05.
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Results

Renal RI, RIA, and RIr: The mean preoperative RI
values were 0.53340.09 and 0.565+0.12 for the left and
right kidneys (P=0.565) (Table 1). The postoperative
mean RI values decreased in the nonobstructive (right)
kidney and increased in the obstructive (left) kidney (Fig.
3) compared to their mean preoperative values. However,
this change in bilateral postoperative mean RI values was
insignificant compared to the mean preoperative RI
values. The mean RI in the obstructive kidney did not
exceed 0.70 at any postoperative time point. The mean RI
values in the obstructive kidneys were higher than those in
the nonobstructive kidneys during all postoperative
measurements, but the difference between nonobstructive
and obstructive kidneys was only statistically significant
at 3 and 24 h postoperation (P=0.007 and P=0.049,
respectively).

The RIA was equal to or greater than 0.08, and the
RIr was equal to or greater than 1.169 at all postoperative
measurement times.

Renal VII and VIIA: The difference between mean
preoperative VII values in the left (0.596+0.15) and right
kidneys (0.644+0.12) was similar (P=0.392) (Table 1).
The postoperative mean VII values in the obstructive
kidney (Fig. 3) were lower than the mean preoperative VII
values. This change in the obstructive kidney was
significant at other postoperative time points, except for
the 3rd and 24th hours (P<0.015). The difference between
preoperative and  postoperative VII  values of
nonobstructive kidneys was statistically insignificant. The
mean VII values at all postoperative time points were
lower in the obstructive kidney than in the nonobstructive
kidney (P<0.002). The VIIA was equal to or greater than
0.159 at all postoperative measurement times.

Table 1. Renal Doppler indices before and after partial unilateral ureteral obstruction.

Measurement Times

. Postop (h)

Doppler Kidney Preop
Indices 3 6 12 24 48

L 0.533+0.09 0.637+0.07 0.594+0.07 0.554+0.08 0.57+0.07 0.607+0.06
Rl R 0.565+0.12 0.502+0.07 0.498+0.09 0.474+0.08 0.467+0.1 0.508+0.07
P value 0.567 0.007 0.062 0.179 0.049 0.054
RIA - 0.135+0.08 0.096+0.03 0.08+0.07 0.103+0.04 0.099+0.05
RIr - 1.268+0.1 1.193+0.07 1.169+0.11 1.221+0.14 1.195+0.09
VII L 0.596+0.15 0.466+0.13 0.387+0.12* 0.353+0.14* 0.472+0.13 0.413+0.13*

R 0.644+0.12 0.625+0.13 0.699+0.15 0.601+0.19 0.722+0.14 0.672+0.15
Pvalue 0.392 0.002 0.000 0.000 0.000 0.000
VIIA - 0.159+0.1 0.313+0.13 0.248+0.15 0.25+0.13 0.259+0.14

Data present as meantstandard deviation. h: Hour; L: Left; R: Right; RI: Resistive index; RIA: Resistive index different between
obstructive and nonobstructive kidneys. RIr: Resistive index ratio between obstructive and nonobstructive kidneys. VII: Venous
impedance index. *Statistical difference between pre and postoperative values, P<0.05.
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Figure 3. Arterial and venous flow patterns in obstructive (left) kidney at post-operative 6 hours. In obstructive kidney resistive index
is 0.58 [peak systolic velocity (1A): 25.52 cm/s, end diastolic velocity (1B): 10.87 cm/s] and venous impedance index is 0.21 [peak
flow signal(2A): 10.87 cm/s, least flow signal (2B): 8.54 cm/s]. The venous spectrum turned into a predominantly linear flow form.
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Discussion and Conclusion

UO leads to renal parenchymal injury and even to
permanent renal dysfunction unless being treated. Early
diagnosis and release of the obstruction are essential if
renal functions are to be preserved. Restoration of renal
function is inversely correlated to the duration and degree
of the obstruction (2).

The renal US is routinely employed for collecting
system evaluation (31). The grayscale US is very sensitive
in the detection of dilatation of the collecting system.
Despite the high sensitivity of grayscale, it is insufficient
in the diagnosis of acute UO due to the subsequent
occurrence of pyelocaliectasis under conditions of UO
(non-dilated obstruction). Additionally, in hydronephrosis
and hydroureter formation associated with other
nonobstructive conditions such as pyelonephritis, grayscale
may lead to a false diagnosis of obstructive uropathy (11,
21). Specificity of 33% has been reported for the grayscale
US in feline UO under similar conditions (1).

Grayscale US permits accurate visualization of the
renal morphology, while Doppler US allows strategically
important qualitative and quantitative data. One of these
quantitative data is the renal RI value (11, 14). In addition
to hemodynamic parameters, the renal RI also exhibits a
strong correlation with histopathological parameters such
as glomerular sclerosis, arteriolosclerosis, interstitial
fibrosis/tubular atrophy, and interstitial infiltration (25).
This index is only a specific marker of kidney damage and
is not an indicator of renal function prognosis. However,
it is significantly associated with systemic circulation (8).
Although the renal RI is dependent on both renal vascular
compliance and resistance, the dependence on resistance
is reduced as compliance decreases (7). Experimental and
clinical findings have also demonstrated that renal
vascular resistance has little effect on the renal RI, but that
renal (renal interstitial and venous pressure) and systemic
(aortic stiffness and pulse pressure) determinants have a
significant effect (28).

Platt et al. (20) first proposed the use of the RI in
diagnosing acute urinary obstruction in 1989. Obstructive
uropathy can be diagnosed by means of an acute unilateral
increase in the renal RI, associated with hydronephrosis,
observed 6-48 h from the onset of symptoms (11). In the
present study, although postoperative renal RI values
obtained from the obstructive (left) kidney were higher
than its preoperative values but insignificant at all times.
The mean RI wvalues at postoperative measurement
intervals were higher in the obstructive kidney than in the
nonobstructive kidney, although only the differences at 3
h and 24 h were statistically significant (P=0.007, and
P=0.049, respectively).

Our review of the literature revealed no clinical
studies assessing UO in cats and dogs using Doppler US
and revealing a threshold value for the renal RI. The mean
RI values in the obstructive kidney have not exceeded the

0.70 thresholds in studies of experimentally induced
partial UO (13, 31). The mean RI values in the obstructive
kidney did not exceed 0.657 at any postoperative
measurement interval in these studies. When a threshold
limit for UO of the RIA>0.10 (20) was adopted, this was
sufficient for diagnosis of APUUO obstruction at only two
postoperative time points, while the RIA >0.06-0.08 (10)
was significant at all measurement intervals (Table 1).
Lim et al. (15) evaluated the benefit of the RlIr in
distinguishing between pediatric obstructive and
nonobstructive upper urinary tract dilation. That study
described a Rlr cut-off value >1.10 as a useful parameter
for the assessment and follow-up of pediatric unilateral
obstructive hydronephrosis. Riahinezhad et al. (22)
reported that the RIr <1.075 was 82.8% specific in
differentiating nonobstructive hydronephrosis. The RIr
>1.169 at all postoperative time points in that study.

Low sensitivity and specificity have been reported
for the renal RI measurements for the concomitant
increase in resistance and decrease in compliance (17).
Since the renal RI was problematic in determining acute
UO, Bateman and Cuganesan (5) focused on the venous
aspect of the renal vascular tree in the diagnosis of acute
obstruction. Decreased compliance observed in acute
renal obstruction results in weakening of these renal
venous signals, the impact on intraparenchymal venous
flow being greater than that on arterial flow (5, 9).
Bateman and Cuganesan (5) reported that, in contrast to
the renal RI, the renal VII value is a more sensitive
parameter reflecting physiological changes in simultaneously
increased resistance and decreased compliance. However,
this hypothesis has also been described as not yet proven
(9). Similar to the present study, the VII value in the
obstructive kidney being lower than in the nonobstructive
kidney was also important in previous clinical (5, 18, 29)
and rabbit experimental (24) studies. Combined evaluation
of the renal RI and VII values in obstructive uropathy has
been reported to improve the diagnostic accuracy of
Doppler US (18, 29). In the present experimental study,
we observed that a decreased VII value in the obstructive
kidney compared to the nonobstructive kidney, especially
if the VIIA >0.16, and the RIA >0.08, and the RIr >1.10
were sufficient for Doppler US diagnosis of APUUO.
However, further clinical studies demonstrating a
threshold limit, as with the renal RI value, are now needed
for the renal VII value to be capable of use as a diagnostic
criterion in obstructive uropathy.

In conclusion, the venous flow was more affected
than arterial flow in the obstructive kidney, suggesting that
the use of RI >0.70 alone as a diagnostic criterion for
APUUO was insufficient. A decrease in the VII value in a
single kidney may indicate an obstructive kidney. When
the VIIA value is equal to or greater than 0.16, taking into
account the RIA >0.08 and RIr >1.1 can increase the
diagnostic accuracy of APUUO.
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