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Abstract

Introduction: Rising levels of plasma creatinine in the setting of
acute unilateral ureteral obstruction (AUUOQO) often reflects acute
renal failure, mandating kidney drainage. We hypothesize that re-
absorption of peri-renal urine extravasation (PUE), a common result
of UUO, contributes significantly to the elevation in plasma creati-
nine, rendering the latter an inaccurate benchmark for renal func-
tion. We explored this hypothesis in a rat model of AUUO and PUE.
Methods: In total, 20 rats were equally divided into 4 groups.
Groups 1 and 2 underwent unilateral ligation of the ureter with
infiltration of rat’s urine (index group) or saline (control) into the
peri-renal space. Two additional control groups underwent peri-
renal injection of either urine or saline without AUUO. Plasma
creatinine levels were determined immediately prior to the proce-
dure (T0), and hourly for 3 hours (T1, T2 and T3). Renal histology
was investigated after 3 hours.

Results: Rats in the index group had a significantly greater increase
in plasma creatinine levels over 3 hours compared to all other
groups (p < 0.05). At T3, average plasma creatinine levels for the
index group increased by 96% (0.49 + 0.18 mg/dL) compared
to 46% (0.23 + 0.06 mg/dL increase) in the AUUO and saline
group, and less than 15% rise in both the non-obstructed control
groups. Our study limitations includes lack of spontaneous PUE
and intraperitoneal surgical approach.

Conclusions: Absorption of peri-renal urine in the presence of
AUUOQ is a significant contributor to rising plasma creatinine lev-
els, beyond those attributable to the obstruction alone, and may
overestimate the extent of the true renal functional impairment.

Introduction

Acute unilateral ureteral obstruction (AUUO) is a clinical
scenario commonly encountered due to obstructing stone,

trauma, malignancy, and endometriosis."? AUUO is often
accompanied by a rise in plasma creatinine levels, which
raises the concern for acute renal failure secondary to the
obstruction, for which urgent kidney drainage is often rec-
ommended.’ As high as 18% of patients with acute ureteral
obstruction also present with peri-renal urine extravasation
(PUE).**> Moreover, peri-renal edema and tissue stranding
were reported in up to 65% of renal colic imagings due to
obstructing stones.® Several previous studies have inconsis-
tently described urine extravasation as either a good prog-
nostic sign for spontaneous stone passage, shorter hospi-
talization and fewer subsequent therapeutic procedures, or
associated with delayed diagnosis, infection and renal failure
in the clinical setting of ureteral obstruction.>”

Peri-pelvic urine extravasation usually results from a rup-
ture of the calyceal fornix secondary to high intra-pelvic pres-
sures.®® The extravasated urine is subsequently re-absorbed
by lymphatic or venous channels.® Urine extravasation has
been suggested to correlate with rising serum creatinine lev-
els in a well-functioning transplanted kidney.'® However, to
the best of our knowledge, there are no reports of studies
investigating the relative contribution of extravasated urine
re-absorption to the overall increase of serum creatinine
levels following AUUO. We believe that re-absorption of
extravasated urine is a major contributor to the elevation in
serum creatinine in cases of AUUO.

Methods

Experimental design

This study was carried out in strict accordance with the rec-
ommendations in the guidelines of the standing committee
on animal research (permit number: 0962/08). Eight week-
old male Wistar rats, with an average weight of 300 g, were
used. Rats were housed in regular cages for an acclimation
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period of 5 days, situated in an animal room temperature
of 22°C with a 12-hour light /12-hour dark cycle. Rats were
maintained on standard rat chow diet and given tap water to
drink ad libitum. Prior to surgery, rats were held in metabolic
cages and 15-hour urine samples were collected.

Under sedation with isoflurane inhalation, all rats were
subsequently anesthetized with intraperitoneal (IP) ketamine
(100 mg/kg) plus xylazine (15 mg/kg) after being preopera-
tively hydrated by subcutaneous injection of 5 cc saline
mixed with indigo carmine (5,5’-indigodisulfonic acid
sodium salt, 0.37 mg/L). Additional doses of ketamine/xyla-
zine anesthesia were given to maintain proper anesthesia
throughout the entire procedure. The left kidney and ureter
were approached using a left subcostal intraperitoneal inci-
sion. Leica M690 microscope with x10 magnification was
used for the dissection.

In total, 20 rats were equally divided into 4 groups (Fig. 1).
The index group underwent acute distal left ureteral obstruc-
tion as previously described (TO). A volume of 0.5 cc of each
individual rat’s urine (equivalent to the urinary output of a
renal unit of nearly 2 hours according to urine output mea-
surement in the preoperative metabolic cage) was dyed by
adding 0.05 cc of indigo carmine (0.37 mg/L) and infiltrated
into the left peri-renal retroperitoneal tissue using a 30-gauge
needle. White cotton wool was immediately applied to the
injection site to exclude urine leakage through the needle
entry point into the peritoneal cavity. Three groups served as
controls: the first control group underwent the exact same
protocol except for being injected with indigo carmine-dyed
saline (0.37mg/L) instead of urine. Two additional control
groups were injected with either saline or urine with no
ureteral obstruction performed. Baseline blood analyses for
plasma creatinine were taken from left jugular vein (25-gauge
needle, 0.5 mL) of all rats prior to ureteral obstruction and
injection (T0). Three additional blood samples were taken
hourly using the same technique (T1, T2 and T3). Rats were
sacrificed at T3 by Isoflurane asphyxiation and exsanguina-
tion. Post-mortem dissection confirmed ureteral obstruction
(when performed), absence of traumatic kidney injury, and
the presence of perinephric traces of injected urine or saline.
Sampled histological assessment was performed for one ani-
mal in each group (8 kidney units), using hematoxylin and
eosin (H&E) and periodic acid-Schiff (PAS) stains.

To verify that our experimental model of PUE was well-
controlled and our readings were not influenced by spon-
taneous urinary extravasation induced by the acute surgical
obstruction of the ureter, we conducted the following experi-
ment: Four rats underwent meticulous dissection of the left
kidney isolating it with its intact renal vasculature from all
adherent peri-renal tissue. The isolated kidney was then
engulfed by white cotton wool in an attempt to identify any
indigo carmine urine extravasation. Four additional rats that
did not undergo peri-renal dissection served as controls. In
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both groups the left ureter was ligated (Vicryl 3-0) and tran-
sected to create a complete obstruction (T0). All rats were
aggressively hydrated with hourly subcutaneous injections of
5 cc saline mixed with indigo carmine (5,5’-indigodisulfonic
acid sodium salt, 0.37 mg/L). Prior to ureteral obstruction,
a blood sample for plasma creatinine baseline value (T0)
was withdrawn from the left jugular vein (25-gauge needle,
0.5 mL). Three additional blood samples were taken hourly
using the same technique (T1, T2 and T3).

Aggressive hydration was performed in both experiments
to prevent pre-renal renal failure due to prolonged lapa-
rotomy, neck incision and recurrent blood analysis. Serum
creatinine was measured at our institute’s automatic labora-
tory using the Jaffe reaction principle. We used the repeated
analyses of variance (ANOVA) test to compare plasma cre-
atinine values between the individual rats and between the
4 groups.

The mean basal urine output measured in our model was
0.61 mL/h (median 0.56, range: 0.2-1.4 mL/h, standard devi-
ation 0.3 mL). Accordingly, the mean baseline urine output
per kidney unit was estimated at 0.31 mL/h (median 0.28
ml/h, range: 0.1-0.7 mL/h, standard deviation 0.15 mL). The
induction of AUUO produced a significant rise in serum
creatinine levels (Fig. 2), but did not cause any spontane-
ous extravasation of urine as demonstrated by a lack of
dyed urine on the cotton wool engulfing the dissected kid-
ney. When we simulated PUE by infiltrating urine around
the left kidney as previously described (Fig. 3), the index
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Fig. 1. Study design. AUUO: acute unilateral ureteral obstruction; U:
retroperitoneal urine injection; S: retroperitoneal saline injection;
NO: non-obstructed ureter.
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Fig. 2. Change in plasma creatinine over time. AUUO: acute unilateral ureteral
obstruction; CW: cotton wool, engulfing the dissected kidney. Standard error
represented by error lines

group had a significantly higher increase in creatinine over
time compared to all the control groups (p < 0.05). At 3
hours, the average creatinine for the index group increased
by 96% (0.49 + 0.18 mg/dL increase) compared to 46%
(0.23 + 0.06 mg/dL increase) in the AUUO plus the saline
group, and less than 15% rise in both non-obstructed control
groups (Fig. 4).

Accordingly, the average rate of increase in creatinine
was at least twice as high for the index group compared
to the controls (0.164 mg/dL/h to 0.078 mg/dL/h or less).
Post-mortem dissection ruled out traumatic kidney injury
in all groups. Histological assessment identified signs of
obstructive uropathy in the kidneys with ligated ureters,
as opposed to the non-obstructed kidneys. The obstructed
kidney showed hydronephrosis and prominent dilatation
of non-proximal tubules, with relative reactive thinning of
the lining cuboidal epithelium (Fig. 5a). Intraglomerular
Bowman'’s capsule dilatation and edema were noted with-
out evidence of glomerular and/or epithelial cell damage in
the proximal tubules (Fig. 5b).

Discussion

We evaluated the effect of peri-renal urine infiltration, as a
surrogate to urine extravasation, on the elevation of plasma
creatinine.

Accurate assessment of the extent of kidney damage is
pertinent to the clinical management of a patient with an
acute obstruction and presumed renal failure. A commonly
used clinical estimation of renal function is based upon
serum creatinine level as a surrogate marker, applying the
Cockcroft-Gault formula." Accordingly, elevated creatinine
is considered a marker of renal failure in the setting of ureter-
al obstruction and often indicates the ability of the affected
renal unit(s) to drain urine properly.® Therefore, there is a

Left
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Fig. 3. Subcostal transperitoneal incision showing rat's left kidney with indigo
carmine-dyed saline injected into peri-hilar and lateral retroperitoneal cavities.

strong case for investigating the exact mechanism respon-
sible for plasma creatinine elevation in the setting of AUUO.

Hinman identified high peri-pelvic and peri-ureteral con-
centrations of preoperatively administered Pyridium in the
setting of iatrogenic ureteral obstruction.’ The suggested
mechanism for the urine extravasation includes rupture of
the calyceal fornix secondary to rapidly increasing intra-
pelvic pressures, with extravasated urine being re-absorbed
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Fig. 4. Change in plasma creatinine over time exemplifying higher creatinine
values for obstructed kidneys with retroperitoneal urine injection. AUUO:
acute unilateral ureteral obstruction; U: retroperitoneal urine injection; S:
retroperitoneal saline injection; NO: non-obstructed ureter. Standard error
represented by error lines.
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Fig. 5a. Examples of pathologic changes in the operated as opposed to control kidneys: D: hydronephrosis and prominent
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dilatation of non-proximal tubules with; E and F: relative reactive thinning of the lining cuboidal epithelium; A and D: hematoxylin

& eosin (H&E) x20; B and E: H&E x100 medulla; C and F: H&E x100 cortex.

by either the venous or lymphatic routes. Earlier reports
of increased rates of thoracic duct flow and radio-isotope
appearance in the thoracic duct following ureteral obstruc-
tion further support the re-absorption concept.'>'

To the best of our knowledge, no rat model of urine extrav-
asation in the setting of AUUO has been previously described.
Our model has not demonstrated visible spontaneous PUE
following ureteral obstruction. Yet, we did show an increase
in plasma creatinine levels over time, indicating that genuine
renal functional impairment does occur in AUUO without
PUE. Exemplifying no spontaneous PUE, we have developed
a model which artificially simulates PUE by direct urine infil-
tration around the dissected obstructed kidney. The increase
in plasma creatinine levels in our rat model was significantly
higher in the index group (AUUO and PUE), compared to
all control groups (p < 0.05) (Fig. 4). Post-mortem dissection
showed clear evidence of fluid traces at the injected pock-
ets with no evidence of traumatic kidney injury, confirming
that the injected fluids were largely absorbed and ruling out
traumatic kidney injury as a possible alternative explanation
for the rise in plasma creatinine. The histological assessment
validated induction of obstructive uropathy by showing signs
of acute kidney injury in the obstructed kidneys.

The results of the current study are in accordance with
previous studies, and suggest that the acute rise in plasma
creatinine in the setting of acute kidney obstruction and urine
extravasation can be partly attributed to urinary absorption
and does not really reflect pure renal failure. Indeed, such
pseudo renal failure due to urinary re-absorption has been
previously described, in the setting of intra-peritoneal urine
leak and anecdotally, due to retroperitoneal urinary leakage
after kidney transplantation.’®'*'® Our model further elabo-
rated and investigated a similar concept, and suggested that
absorption of PUE on top of AUUO is a major contributor in
the rise in plasma creatinine levels. Plasma creatinine rise,
despite a normal functioning contralateral kidney, can be
explained by several mechanisms: (1) creatinine overload
which overcomes the filtration power of that non-obstructed
kidney; and (2) reno-renal communication as exemplified
by the reno-renal reflex, such mechanism causes a contra-
lateral kidney inhibitory effect with no glomerular filtration
rate rise in the rat model."” Lack of obstruction and these
suggested mechanisms, along with aggressive hydration and
hyper-elimination of two functional kidneys, explain why no
plasma creatinine rise was seen in the two non-obstructed
groups (Fig. 4).
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Fig. 5b. Examples of pathologic changes in the operated as opposed to control kidneys. A: non-obstructed right kidney- control. Hematoxylin and eosin (H&E) x400. B

and C: obstructed, operated left kidney, H&E and periodic acid—Schiff x400, respectively. Prominent dilatation of non-proximal tubules with relative reactive thinning
of the lining cuboidal epithelium. Intraglomerular Bowman'’s capsule dilatation and edema are noted without evidence of glomerular and/or epithelial cell damage in

proximal tubules.

Our study has several limitations. First, we were unable to
produce visible spontaneous extravasation of urine following
unilateral ureteral obstruction. A possible explanation is that
the study rats did not have significant elevated intra-pelvic
pressure, to induce “pop-off” of the urinary system and cause
extravasation. Spontaneous human urinary extravasation
was correlated with absolute pressure in the urinary col-
lecting system, as well as with the pressure increase rate, the
latter serving as the more important factor of the two.’™" A
second limitation is the use of the transperitoneal approach.
Meticulous surgical technique was applied to avoid pos-
sible peritoneal urine absorption, including deep injection
with small diameter needle, high magnification microscope,
and white cotton wool application to rule out leak of dyed
urine. Post-mortem dissection showed clear evidence of
retro-peritoneal fluid traces at the injected pockets.

Despite the intuitive correlation between retroperitoneal
urine extravasation in the setting of AUUO and spurious
renal failure, research and clinical data are scarce. Our data
suggest that increased serum creatinine levels might be a
non-accurate measurement tool of renal functional impair-
ment in the setting of AUUO and PUE which might lead to
unnecessary drainage of the affected kidney. Being familiar
with the consequences and the potential complications of
such drainage and its effect on patients’ quality of life,?* we
believe further research should take place to elaborate our
understanding of PUE.

Conclusion

The presence of urine in the peri-renal space in the AUUO
rat model is associated with increased plasma creatinine lev-
els beyond those attributable to the obstruction alone. Our
findings suggest that measurements of plasma creatinine in
such a setting may therefore overestimate the extent of the
true renal functional impairment. Further research is needed
to investigate the clinical implication of our findings.
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