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Abstract

Ureteral obstruction is a clinically important condition in dogs that often requires surgical intervention. Such
procedures can lead to significant physiological changes, particularly in hematological and biochemical
parameters. This study aimed to evaluate hematological alterations and selected serum biochemical factors
following experimental ureteral anastomosis in dogs. Five healthy mixed-breed dogs (15-30 kg, aged 1.5-4.5
years) underwent left ureteral transection and end-to-end anastomosis using a simple interrupted suture pattern.
Anesthesia was induced with thiopental sodium and maintained with halothane after premedication with
acepromazine (Schwartz, 2022; Hardie & Kyles, 2004). Urine and venous blood samples were collected pre-
operatively and on days 1, 3, 7, 14, 21, 28, 35, 42, and 90 post-surgery for urinalysis, complete blood count,
hematocrit, and measurement of blood urea nitrogen (BUN), creatinine, uric acid, calcium, phosphorus, chloride,
sodium, and potassium. Data were analyzed using repeated measures ANOVA and Tukey’s post hoc test.
Significant increases in BUN, creatinine, and neutrophil counts were observed at all post-operative time points.
BUN and creatinine exceeded normal ranges on days 1 and 3. Phosphorus levels were significantly elevated on
days 1, 3, 7, 14, 21, 28, and 35, while potassium levels increased significantly on days 1, 3, 7, and 14. Uric acid,
calcium, chloride, and sodium changes were not statistically significant. Despite compensatory mechanisms by
the kidney and contralateral ureter, certain biochemical changes are inevitable following unilateral ureteral
surgery, highlighting the need for careful postoperative monitoring to prevent complications.
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Introduction

Ureteral obstruction in dogs and cats,
primarily caused by ureteral calculi,
manifests through symptoms such as
abnormal urination, persistent urinary tract
infections, abdominal pain, vomiting,
anorexia, weight loss, and lethargy
(Schwartz, 2022; Hardie and Kyles, 2004).

It is important to distinguish ureteral
obstruction, which involves blockage of the
ureter between the kidney and bladder, from
urethral obstruction, which occurs at the
distal urinary tract. This study focuses
exclusively on ureteral obstruction in small
animals.
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Medical management of ureteral
obstruction aims to restore urine flow,
relieve discomfort, and preserve renal
function until definitive resolution of the
obstruction is achieved. As described in the
previous studies (Schwartz, 2022; Hardie
and Kyles, 2004), the initial therapy often
includes aggressive fluid diuresis to
promote stone passage, administration of
smooth muscle relaxants to reduce ureteral
spasm, analgesics for pain control,
antibiotic therapy when urinary tract
infection is present, and close monitoring of
renal biochemical parameters such as blood
urea nitrogen (BUN), creatinine, and
electrolytes.

In cases of complete obstruction, failure
of medical therapy, or presence of large
calculi, surgical intervention becomes
necessary. Surgical options include
ureterotomy, ureteroneocystostomy, and, in
specialized centers, minimally invasive
techniques such as ureteral stenting or
subcutaneous ureteral bypass (SUB).
Prompt alleviation of complete ureteral
obstruction is crucial for preserving renal
function and preventing irreversible loss of
glomerular filtration rate (Schwartz, 2022;
Hardie and Kyles, 2004).

Ureteral surgeries, especially those
involving ureteral re-anastomosis, are
critical  procedures  necessitated by
conditions like ectopic ureter and direct
trauma to the ureter. These surgeries pose
significant challenges in small animals due
to the delicate nature of the structures
involved. Potential complications from
these procedures include hydronephrosis,
hydroureter, stricture, or obstruction at the
anastomosis site, which can significantly
alter serum biochemical factors and impact
the animal's overall health (Mayhew and
Berent, 2023; Siddighi et al, 2017; Wormser
et al, 2015; Hardie and Kyles, 2004).

Despite advancements in surgical
techniques and tools (Pavia et al, 2018),
ureteral anastomosis remains susceptible to
complications. Functional or structural
obstructions can still occur at the
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anastomosis site, interfering with ureteral
peristaltic movements and reducing urine
flow. This reduction can subsequently
decrease the glomerular filtration rate in the
associated kidney, leading to changes in
serum biochemical factors (Hooi et al,
2021).

Although compensatory mechanisms in
the healthy kidney may eventually restore
electrolyte balance, these mechanisms are
often not fully activated in the immediate
postoperative period, resulting in temporary
changes in blood electrolyte levels.
Understanding these changes and the
underlying mechanisms is crucial for
improving postoperative outcomes and
managing potential complications (Johnson
et al, 2024; Wilson, 1977).

The previous studies have documented
significant changes in blood biochemical
factors  following ureteral surgeries.
Elevated levels of BUN and creatinine, for
instance, are common indicators of
impaired renal clearance and urine leakage
into the abdominal cavity (Saygin et al,
2021). These biochemical markers are
essential for assessing the kidney function
and detecting postoperative complications.

This study aims to investigate the
changes in serum biochemical factors,
particularly BUN and creatinine, following
ureteral re-anastomosis in dogs. By
understanding these changes and their
causes, we can develop better strategies for
managing postoperative complications and
improving the overall health and recovery
of affected animals.

Materials and Methods

Selection of Animals: Five healthy adult
mixed-breed dogs (three males and two
females), weighing 15-30 kg and aged 1.5—
45 years, were included. Age was
determined by a board-certified small
animal internal medicine specialist through
dental examination (tooth eruption patterns,
wear, and tartar accumulation) in
accordance with standard veterinary
guidelines. All dogs underwent clinical
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examination to confirm normal appetite,
urination, and defecation, and were
dewormed using conventional antiparasitic
drugs. The study protocol was reviewed and
approved by the Ethics Committee of the
Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz, Iran.
Although no specific approval code was
issued, the study was conducted under the
committee’s supervision in accordance with
institutional animal care and use guidelines.

This study aimed to  monitor
hematological and biochemical changes
following unilateral ureteral anastomosis
and to provide a detailed 90-day temporal
profile of these parameters. While some
changes in renal function markers were
anticipated due to surgery, the innovative
aspect lies in the longitudinal evaluation of
multiple hematological and biochemical
variables at frequent intervals, offering a
clearer understanding of contralateral
kidney compensatory mechanisms.

Sampling Protocol

Blood and urine samples were collected
preoperatively and on postoperative days 1,
3, 7,14, 21, 28, 35, 42, and 90. For blood
collection, 5 mL was drawn from the
cephalic vein into heparinized tubes. A
complete blood count, including hematocrit
and differential leukocyte count, was
performed. Samples were centrifuged at
2500 rpm for 5 minutes, and plasma was
stored at —20 °C until biochemical analysis.
Urine samples were obtained via urinary
catheter, and physical characteristics (color,
clarity, specific gravity) were recorded
before centrifugation and microscopic
sediment examination.

Preoperative Preparation

Dogs were fasted for approximately 12
hours before the surgery, with free access to
water. Sedation was achieved with
intramuscular acepromazine (0.03 mg/kg).
Anesthesia was induced intravenously with
2.5% thiopental sodium (6-10 mg/kg) and
maintained with oxygen and halothane (1-

1.5%) in a closed inhalation system,
following standard veterinary anesthesia
protocols (Hall, Clarke, & Trim, 2001).
Animals were positioned in dorsal
recumbency, and the area from the
umbilicus to the pubis was shaved and
aseptically prepared.

Surgical Procedure

A 10 cm midline incision was made from
the umbilicus to the cranial pubis. After
entering the abdominal cavity, the bladder
and left ureter were exposed. The ureter was
transected obliquely approximately 5 cm
from its insertion into the bladder to
increase the luminal cross-section. End-to-
end anastomosis was performed with
simple interrupted 6-0 polydioxanone
sutures. The anastomosis site was checked
for leakage before returning the ureter to the
abdominal cavity. The laparotomy was
closed routinely. Cefazolin (20 mg/kg 1V)
and tramadol (3 mg/kg V) were
administered intraoperatively.

Postoperative Care

Cefazolin (20 mg/kg 1V, twice daily) was
continued for 5 days after post-surgery.
Tramadol was administered for up to 3
days, depending on pain sensitivity at the
surgical site. Skin sutures were removed 14
days postoperatively.

Biochemical Assays

Plasma urea was measured by the urease
method, creatinine by the Jaffe method, uric
acid by the PAP method, calcium and
phosphorus by direct colorimetry, chloride
by the thiocyanate colorimetric method, and
sodium and potassium by flame
photometry.

Statistical Analysis

Data were analyzed using SPSS software.
Changes over time were assessed by
repeated measures ANOVA, with P < 0.05
considered statistically significant. Tukey’s
post hoc test was used for pairwise
comparisons.
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Results

Blood Urea Nitrogen (BUN): Mean BUN
values showed a highly significant
difference over time (P<0.001). According
to Tukey’s test, preoperative BUN levels
differed significantly from all postoperative
time points. Given the wide normal range
(10-28 mg/dl), the most notable increases
occurred on days 1 and 3, when values
exceeded the upper limit. The minimum
preoperative BUN was 16.8 mg/dl, peaking
at 31 mg/dl on day 1, then gradually
declining but remaining above baseline
(21.2 mg/dl) on day 90.

Creatinine: Mean serum creatinine
increased immediately after surgery,
reaching a maximum of 1.85 mg/dl on day
3, then gradually decreased toward normal.
Differences between preoperative and all
postoperative values were highly significant
(P<0.001). The most pronounced elevations
were on days 1 and 3, exceeding the normal
range (0.5-1.5 mg/dl). The minimum
preoperative value was 0.97 mg/dl, and by
day 90, creatinine stabilized at 1.27 mg/dl,
still slightly above baseline.

Uric Acid: Changes in mean uric acid
levels were not statistically significant
(P>0.05). Values showed a mild upward
trend post-surgery, from 4.34 mg/dl
preoperatively to a maximum of 4.52 mg/dI
on days 21 and 90.

Calcium: Although mean calcium levels
decreased after surgery and returned to
normal (9.64 mg/dl) by day 28, these
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changes were not statistically significant
(P>0.05).

Phosphorus: Mean phosphorus levels
increased after surgery, peaking at 4.68
mg/dl on day 3, then gradually declined
toward baseline. Differences between
preoperative values and those on days 1, 3,
7,14, 21, 28, and 35 were highly significant
(P<0.001).

Chloride: Mean chloride levels rose after
surgery, reaching 116 mg/dl on day 7, then
declined. These changes were not
statistically significant (P>0.05).

Sodium: No statistically significant
changes in mean sodium levels were
observed over time (P>0.05).

Potassium: Preoperative potassium levels
differed significantly from those on days 1,
3, 7, and 14 (P<0.001). Values increased
from 4.50 mEqg/dl preoperatively to a
maximum of 4.96 mEqg/dl on day 3, then
decreased thereafter.

Table 1 presents the mean + standard
error for all biochemical parameters before
and after surgery, with statistical
significance indicated.

Hematology: Mean neutrophil counts
before surgery differed significantly from
all postoperative values (P<0.01). The most
marked increase occurred on day 1.
Although subsequent values remained
significantly different from baseline, they
stayed within the normal range. Table 2
shows the mean = standard error for
hematological parameters, with significant
changes indicated.
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Tablel: The mean and standard error of biochemical serum parameters following ureteral anastomosis
surgery in five dogs

Potassium Sodium Chlorine Phosphorus Calcium Uric acid Creatinine nit?ologr? FéﬁN) Pa?aer:;JeTers
(mEg/1) (mEqg/1) (mg/dl) (mg/dl) (mg/dl) (mg/dl) mg/dl ?’ng/dl

45240280 | 146.4+1.82 | 114.4+1.82 | 4.24+0.330 | 9.44+0.240 | 4.34+0.220 | 0.97+0.130 16.8+0.84 S'if;‘;rr;
4.72+0.180% | 146.8+1.48 | 114.842.28 | 4.44+0.370% | 9.06+0.330 | 4.38+0.230 | 1.68+0.250% |  30.4%2.07* 131%5&“
4.96+0250% | 147.65152 | 11584217 | 4.68+0270* | 9.06£0560 | 4.40+0200 | 1.85:0210% | 29.8+164% | ° gjﬁ’gsef;“
4.78+0.300% | 147.2+1.48 11641.22 | 4.56+0.380* | 9.4240.620 | 4.3040.160 | 1.58+0.280* | 26.2+1.64* ! SS[YQSS?SSt
4.78+0.250* | 14624179 | 114.6+1.35 | 4.58+0.300* | 9.26+0.350 | 4.42+0.280 | 1.42+0.200* 26+1.87* 145‘1%’2&0“
4700200 | 146.8+1.83 11542.12 | 4.46+0.290* | 9.20+0.400 | 4.52+40.130 | 1.3540.150* | 23.4+2.30% 215?%53&0“
4.70+0.140 | 145.6+2.70 1154234 | 4.38+0.240* | 9.46+0.190 | 4.42+40.290 | 1.3240.100% | 23.242.04* 285?%’;@"5‘
456+0.280 | 144.6+2.07 | 113.4+1.14 | 4.42+0.290% | 9.40+0.190 | 4.36+0.210 | 1.29+0.110% | 22.6+1.52* 355‘3%’2&0“
4.60£0.160 | 144.6+250 | 113.8+0.83 | 4.28+0.200 | 9.3820.270 | 4.40+0.280 | 1.28+.0130* | 21.4%0.55* 425%53&0“
1458+0.130 | 145.6+1.14 | 11424148 | 4.28+0.230 | 9.48+0.050 | 4.52+40.180 | 1.27+0.050* | 21.2+1.92% gos‘l’%’;@"s‘

*The difference from the preoperative value was significant (P<0.001).

Table 2: The mean and standard error of hematology parameters following ureteral anastomosis surgery

_ _ _ in five dogs

et | Vg[Sl | e | oy | 80T
42+1.30 368.2£86.50 | 982.64355.30 | 2506+478.00 7293.2+624.70 S'if;‘;rr‘;

43.8+150 | 47614890 | 613.8+156.50 | 1008.6:256.20 | 17293.6+2563.80% 15‘1%3‘;“
4024130 | 672.9+301.30 | 627+210.30 | 18905+681.30 | 10086.1+209580% | ° fjrygse?ft
416+0.90 | 525.3:175.40 | 83L7+110.60 | 1914.2+662.00 | 9778.8+1389.50% | ' ‘Sjjrygse?;“
49.2+2.20 44247440 | 404.5+189.50 | 20645+475.80 |  9489+1504.40% 145%2&0“
442080 | 316+113.40 | 784.9+165.10 | 1981.7+610.10 | 8377.4+717.10% 2lsi?gzr‘;°“
44.6£2.10 | 380.5:157.80 | 781523450 | 2220.5+291.3 8021.5+463.50* 283%%’2&0“
46.6£2.20 | 166+11650 | 810£178.70 22324532.2 8502+1751.30* 353%%’2&0“
48.4£1.90 | 370.5:148.20 | 692.5:251.40 | 2308+298.8 8229+1520.90* 423%%’2&0“
48+2.10 240+185.90 | 825£202.70 1885+274.4 7350+380.30* 903%%’2&0“

*The difference from the preoperative value was significant (P<0.01)
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Urinalysis:  Preoperative  urinalysis
confirmed normal physical, chemical, and
cellular indices: amber-yellow, clear urine
with mean specific gravity of 1.040, pH 7,
and normal counts of red and white blood
cells, epithelial cells, and transitional cells.
Occasional uric acid and triple phosphate
crystals were observed, consistent with
normal carnivore urine.

On days 3 and 7 post-surgery, urinalysis
revealed increased red and white blood cell
counts. By day 14, these values began
returning toward normal, and by day 90,
they had stabilized. Mild proteinuria
persisted throughout the sampling period
but was not clinically or statistically
significant. Overall, urinalysis indicated
that inflammatory and hemorrhagic changes
in the urinary tract gradually resolved
during recovery.

Discussion

In certain ureteral surgeries, particularly
in cases of ectopic ureter or direct trauma,
ureteral re-anastomosis may be required
(Dekerle et al, 2022; Brown, 2013).
Performing this procedure in small animals
is technically challenging, and
postoperative alterations in the urinary tract
are common. Among the most significant
complications are hydronephrosis,
hydroureter, stricture, or obstruction at the
anastomosis site, all of which can alter
serum  biochemical parameters and
adversely affect the animal’s health
(Degner et al, 2022).

Even with optimal surgical techniques
and advanced instrumentation, ureteral
anastomosis cannot fully prevent the
occurrence of functional or structural
obstruction at the anastomosis site (Cooper
& Scansen, 2020). In some cases, without
any  visible  structural  obstruction,
disruption  of ureteral peristalsis—
particularly in the early postoperative
period—can reduce urine flow through the
anastomosis. This reduction in flow
decreases the glomerular filtration rate
(GFR) of the affected kidney, leading to
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measurable changes in serum biochemical
values (Mayhew and Berent, 2023; Barthez
et al, 2004).

Although compensatory mechanisms in
the contralateral kidney can eventually
restore  electrolyte  balance,  these
mechanisms are not fully active in the
immediate postoperative period. As a result,
transient alterations in blood electrolyte
levels are expected. In line with the
previous literature, the present study also
anticipated changes in serum biochemical
parameters due to the potential for stricture
or obstruction at the anastomosis site (Urie
et al, 2007).

Blood Urea Nitrogen (BUN) and
Creatinine (Cr): BUN and creatinine are key
indicators of renal function. BUN reflects
the concentration of nitrogen derived from
urea, a protein metabolism byproduct, in the
blood. Elevated BUN may indicate
impaired renal clearance, dehydration, or
high protein intake. Creatinine, a muscle
metabolism byproduct, is excreted by the
kidneys and serves as a reliable marker of
GFR. Increases in creatinine typically
indicate reduced renal function or
obstruction (Hessels et al, 2018).

These two parameters are often measured
together to provide a comprehensive
assessment of kidney health. Both undergo
significant changes in many urinary tract
disorders, particularly in  obstructive
conditions.  Creatinine is  especially
sensitive to reductions in renal clearance,
making it a valuable marker for evaluating
urinary  tract  obstruction, including
postoperative cases (Inker and Titan, 2021).

Two main mechanisms may explain the
marked increases in BUN and creatinine
observed during the first three postoperative
days. The first is either partial or complete
obstruction at the anastomosis site,
impairing clearance by the affected kidney
(Aronson, 2020; Adin and Scansen, 2011).
The second is temporary cessation of
ureteral peristalsis, which reduces urine
flow in the operated ureter (Geavlete,
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2016). Both mechanisms are supported by
the previous studies.

Clinical signs of ureteral obstruction in
dogs include urinary incontinence,
stranguria, dysuria, pollakiuria, polyuria,
hematuria, persistent urinary tract infection,
abdominal pain, vomiting, anorexia,
lethargy, weight loss, fever or hypothermia,
palpable  abdominal mass, vaginal
discharge, and prostatomegaly (Hardie and
Kyles, 2004). In bilateral cases, clinical
signs are often severe and acute. For
example, in a 5-year-old Labrador Retriever
with urethral obstruction secondary to
bladder torsion, any impediment to urine
outflow was associated with elevated BUN
and creatinine (Pozzi et al, 2006).

Other reports describe similar findings.
Nwadike et al, (2000) documented
vomiting, lethargy, and anorexia in a 2-
year-old  Himalayan cat following
ovariohysterectomy. Excretory urography
revealed bilateral ureteral obstruction due to
inadvertent ligation. Temporary
nephrostomy tube placement normalized
BUN and creatinine, and subsequent
ureteral  re-anastomosis resolved the
obstruction. In a retrospective study, Kyles
et al. (2005) identified elevated creatinine
as a common laboratory abnormality in
dogs with ureterolithiasis. Surgical removal
of stones resulted in full recovery in many
cases, though not all.

Interestingly, elevated BUN and
creatinine can also occur without overt
obstruction. For example, in ureterocolonic
anastomosis, postoperative increases in
these parameters during the first 2-3 days
have been attributed to reabsorption of
nitrogenous waste products from the colon
(Saberi Afshar et al, 2007). Similarly, Sarin
et al, (2006) and El-Leithy (2008) reported
hydrourer and hydronephrosis without
obstruction  after  ureteral  surgeries,
suggesting that reduced urine flow alone
can elevate BUN and creatinine. Patil et al,
(2008) also observed functional obstruction
without physical blockage after psoas hitch
ureteral reimplantation.

In the present study, necropsy confirmed
the absence of complete obstruction, but
stenosis at the anastomosis site was present
in most cases. Therefore, the most plausible
explanation for the early postoperative
increases in BUN and creatinine is
functional ureteral obstruction. The
potential influence of the closed halothane
anesthesia system cannot be entirely
excluded. No severe postoperative
complications such as wound infection,
dehiscence,  or  persistent  urinary
abnormalities were observed. Only mild,
transient signs—reduced appetite and mild
discomfort at the surgical site were noted
and resolved with supportive care.

Changes in Blood Electrolytes: Ureteral
anastomosis can temporarily affect renal
clearance and alter blood electrolyte levels.
However, literature review reveals no
consistent pattern for these changes.
Obstructive uropathy, whether functional or
physical, may cause various electrolyte
disturbances before and after relief of
obstruction, especially in high-grade
chronic cases (Yaxley & Yaxley, 2023).
Early post-renal obstruction often results in
tubular solute wasting (sodium, potassium,
bicarbonate, magnesium, calcium,
phosphate), followed by retention of
potassium, hydrogen, chloride, and
ammonium as renal function declines.

Sodium and potassium disorders are the
most clinically significant. Hyponatremia,
often due to plasma dilution and
tubulopathy, may take weeks to normalize
after decompression (Moore, 1958).
Hypernatremia can occur with prolonged
diuresis, while hypokalemia is common
post-obstruction and usually self-limiting.
Hyperkalemia may arise from severe renal
impairment or distal tubular injury (Yaxley
and Yaxley, 2023; Yang et al, 2021).

Experimental and clinical studies support
these findings. Chevalier et al, (2002)
showed that even after relief of unilateral
ureteral obstruction in rats, GFR, urine
flow, and sodium/potassium excretion
decreased, leading to retention of these ions.
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Saberi Afshar et al. (2007) reported
increased phosphorus and chloride and
decreased calcium, sodium, and potassium
after ureteral reconstruction with a colon
graft. Bigham Sadegh et al, (2009) found no
major electrolyte changes after ureteral
replacement with fetal urachus, though
potassium increase approached significance
(P=0.06). Abbas et al, (2008) and Pozzi et
al, (2006) documented variable potassium
changes in bladder outlet obstruction cases.

Hematology: Postoperative leukocytosis
can occur due to surgical stress or urinary
tract stimulation from urine retention, even
without infection (Pozzi et al, 2006). In this
study, neutrophil counts were significantly
elevated at all postoperative time points
compared to baseline, but exceeded the
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