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ABSTRACT

Background: Intraoperative fluids are still poorly studied in veterinary medicine. In humans
the dosage is associated with significant differences in postoperative outcomes.

Objectives: The aim of this study is to verify the influence of three different fluid therapy
rates in dogs undergoing video-assisted ovariohysterectomy.

Methods: Twenty-four female dogs were distributed into three groups: G5, G10, and G20.
Each group was given 5, 10, and 20 mL-kg*-h™ of Lactate Ringer, respectively. This study
evaluated the following parameters: central venous pressure, arterial blood pressure, heart rate,
respiratory rate, temperature, acid-base balance, and serum lactate levels. Additionally, this
study evaluated the following urinary variables: urea, creatinine, protein to creatinine ratio,
urine output, and urine specific gravity. The dogs were evaluated up to 26 h after the procedure.
Results: All animals presented respiratory acidosis during the intraoperative period. The

GS5 group evidenced intraoperative oliguria (0.80 + 0.38 mL-kg™-h™), differing from the

G20 group (2.17 £ 0.52 mL-kg™-h™) (p = 0.001). Serum lactate was different between groups
during extubation (p = 0.036), with higher values being recorded in the G5 group (2.19 + 1.65
mmol/L). Animals from the G20 group presented more severe hypothermia at the end of the
procedure (35.93 + 0.61°C) (p = 0.032). Only the members of the G20 group presented mean
potassium values below the reference for the species. Anion gap values were lower in the G20
group when compared to the G5 and G10 groups (p = 0.017).

Conclusions: The use of lactated Ringer's solution at the rate of 10 mL-kg™-h™ seems to be
beneficial in the elective laparoscopic procedures over the 5 or 20 mL-kg™-h™ rates of infusion.

Keywords: Dogs; crystalloids; lactated Ringer's solution; videosurgery;
abdominal perfusion pressure
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INTRODUCTION

Anesthetic and surgical procedures commonly change the normal mechanisms of fluid
homeostasis, making imperative the administration of the perioperative fluid therapy [1].
Therefore, the decrease or end of fluid administration can be as important as the start or
increase of this process [2]. As a result, there is a concern involving the determination of the
adequate rate of fluid therapy for animals subjected to procedures that are increasingly used
in veterinary medicine, such as videosurgery.

In particular, videosurgical procedures promote differentiated conditions for anesthesia
management since the increase in intra-abdominal pressure (due to the establishment of the
pneumoperitoneum) may compromise the cardiovascular and respiratory functions of the
patients [3], as well as their renal blood flow [4,5] serum creatinine levels, and urine output [5].

Fluid therapy rates should be individualized and take into account the particular needs

of each patient, including its volume, type of solution used, which compartment needs
volume replacement, and the surgical procedures performed [6]. The previous conventional
guideline that recommended the administration of 10 mL.kg™.h™ was abandoned since it
was considered excessive [2]. Currently, in veterinary medicine, fluid rate recommendation
for low-risk procedures is 5 mL.kg™.h™ for dogs, therefore minimizing the risks related

to hypervolemia [1,6] such as edema and compromised respiratory function, decrease in
intestinal motility, decrease in tissue oxygenation, increase in infection rates, decrease

in hematocrit and total protein content, and reduction in body temperature [7]. High
volumes of crystalloid administration were associated with glycocalyx shedding and a higher
inflammatory response [8]. However, some authors [9] considered the liberal fluid therapy
beneficial for patients free of severe systemic alterations during low-risk surgeries. Silverstein
et al. [10] assessed the effects of fluid administration on the microcirculation of healthy
anesthetized dogs. The density of vessels > 20 pm in diameter was higher for the total and
perfused vessels in dogs that received 20 mL-kg*-h™ of LRS. These larger vessels are most
likely arterioles and venules critically important for organ perfusion. Further research is
required to evaluate the clinical importance of these findings.

The administration of intraoperative fluids in veterinary medicine are a controversial topic
due to many unsupported opinions regarding the optimal rate of administration, which
presents great gaps in the field [11]. Shin et al. [12] demonstrated that in humans the dosage
is associated with significant differences in the postoperative outcomes and Holte [13]
stressed out the increasing need of rational fluid administration for laparoscopic surgeries.
Therefore, the aim of this study was to analyze the influence of three different fluid therapy
rates (restrictive, conventional, and liberal) on a series of cardiovascular parameters, acid-base
status, and variables related to the urinary system function, in female dogs undergoing video-
assisted ovariohysterectomy (OH), in order to indicate the best fluid rate for this situation.

MATERIALS AND METHODS

The study was approved by the Ethics Committee on the Use of Animals (protocol number
1119160315), and the animals were obtained by contacting non-governmental organizations.
The procedures were performed on dogs that had already been adopted and all the dogs were
enrolled after obtaining their owners written consent.
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The animals were taken to the animal hospital 24 h before the procedure. Twenty-four
healthy mixed-breed female dogs, weighing 16.4 + 2.88 kg, were admitted for video-assisted
OH and were randomly assigned to receive one of three treatments consisting of the
administration of intravenous (IV) lactated Ringer's solution at a rate of 5 mL-kg™-h™ (G5), 10
mL-kg?-h™ (G10), and 20 mL-kg*-h™ (G20).

The time points for the evaluations were (Supplementary Table 1and Supplementary Fig. 1):
TO, corresponding to basal data; T1, corresponding to 15 min after premedication; T2,
corresponding to the moment after anesthetic induction and immediately after neuromuscular
block and anesthetic depth adjustment (1.5-1.8%, end-tidal isoflurane concentration

[ETiso]); T3, corresponding to the beginning of surgery; T4, corresponding to the moment
immediately after the pneumoperitoneum was stablished; T5, corresponding to 5 min after
the establishment of the pneumoperitoneum; T6, before pneumoperitoneum drainage; T7, at
the end of the surgery; T8, corresponding to extubation point; and T9, corresponding to 24 h
after the end of the surgery.

The animal health status was assessed through clinical and laboratorial evaluation. The latter
included red blood cell count, leucogram, total protein, platelets count, and biochemical tests
(creatinine, urea, albumin, alanine transaminase, and alkaline phosphatase). The serum lactate
level was measured in a blood sample (0.2 mL) drawn from the cephalic vein and the urine was
collected by urethral catheterization, with a Foley catheter (8 Fr) (Foley catheter, Solidor, Brazil)
in order to analyze urinary output, urinary protein to creatinine ratio (P/C ratio), urine specific
gravity, and the protein content in the urine. The Foley catheter was kept in place for the next
three days for further analyses. All the results obtained for all the variables mentioned above
were used to confirm the health status of the patients and used as baseline data (T0).

The feeding of the dogs was suspended for eight hours before the procedure, but water
was provided. On the day of the procedure, after antisepsis, an intravenous catheter (20G)
(Intravenous catheter, Solidor) was inserted in the right cephalic vein for fluid therapy
administration and in the left cephalic vein for the blood sampling required for the
assessment of the lactate level.

Subsequently, an intravenous catheter (18G) (Intravenous catheter, Solidor) was placed in
the right jugular vein to assess the central venous pressure (CVP) according to a correction
factor established by Aguiar et al. [14], in which 0.51 cmH,0 is subtracted from the reading
obtained with a peripheral catheter to estimate the CVP value. The auricular artery was
accessed with a 24G intravenous catheter (Intravenous catheter, Solidor) that was connected
to a pressure transducer positioned at the heart level and connected to a multiparametric
monitor (LifeWindow 6000, Digicare Biomedical Technology, Inc., USA) to evaluate the
mean (MAP), systolic (SAP), and diastolic (DAP) arterial blood pressure.

Blood (1 mL) for the determination of blood gas and electrolyte contents was drawn from

the same artery with a syringe containing lithium heparin, and anaerobically stored until the
analyses are performed (up to 2 h). Blood gas and electrolytes were also evaluated 24 hours after
the surgery. For this purpose, a blood sample was collected straight from the femoral artery.

After the catheter insertion and assessment of the basal values (T0), the dogs received

intramuscularly tramadol hydrochloride (5 mg-kg™®) and acepromazine (0.05 mg-kg?;
Acepran®, Vetnil, Brazil) as premedication. Fluid therapy was initiated following anesthesia
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induction (at the rates pre-established for each group using a peristaltic infusion pump [Med
Pump MP 20, Celm, Brazil]) and stopped at the extubating time.

Anesthesia induction was performed by administration of propofol (Propovan®, Cristalia,
Brazil), provided in order to enable endotracheal intubation. General anesthesia was
maintained with isoflurane (Isoforine®, Cristalia) at an ETiso between 1.5% and 1.8%. The
animals were mechanically ventilated with a tidal volume of 10 mL-kg™ and inspiration to
expiration ratio (I:E) of 1:2. In order to achieve this ratio, atracurium (0.2 mg-kg?, IV; Tracur®,
Cristalia) was administered after anesthesia induction. The respiratory rate (f) was adjusted
during anesthesia to maintain an end-tidal partial pressure of carbon dioxide (ETCO,) of
35-45 mmHg, measured by capnometry. This was accomplished by using a Sidestream

CO, sensor connected to a multiparametric monitor for the analysis of the expired gases
(LifeWindow 6000, Digicare Biomedical Technology, Inc.).

The animals received supplementary perioperative analgesia with fentanyl citrate 2.5 pg-kg™
(IV) in cases where the animal presented an increase in heart rate (HR) or MAP over 30%
above the basal values. The T3 values were considered as baseline for the assessment of

the perioperative nociceptive stimulus. After the surgery, meloxicam (0.1 mg-kg?, SID;
Maxicam®, Ourofino, Brazil), dipyrone, and hyoscine (25 mg-kg?, TID; Buscofin®, Agener
Unifo, Brazil) were administered subcutaneously for 2 days as post-surgery analgesia.

All the OH were performed by a video-assisted method with two portals, according to the
technique described by Brun [15] in a 12 mmHg-pressured pneumoperitoneum, always
performed by the same surgeon. Before the beginning of the insufflation of the abdominal
cavity, the Veress needle attached to the CO2 insufflator was introduced through the
abdominal wall to obtain the baseline values of intra-abdominal pressure (IAP). Abdominal
perfusion pressure (APP) was evaluated by using the values of IAP and MAP (APP = MAP -
IAP). The values obtained in T3 were considered baseline for this variable.

A multi-parameter monitor was used to record HR, f, SAP, DAP, MAP, SpO,, CVP, and rectal
temperature (T°C). All these variables were measured from TO to T8. At T9, only HR, f, and
T°C were measured. ETCO, and ETiso were measured between T2 and T7.

Arterial blood gases, electrolytes, and other variables, including arterial oxygen partial
pressure (Pa0,) (measured in mmHg), arterial carbon dioxide partial pressure (PaCO,)

(also in mmHg), sodium bicarbonate (HCOs"), base excess (BE) or deficit, sodium (Na*),
potassium (K*), chloride (Cl'), Anion gap (AG) (all measured in mmol/L), arterial oxygen
saturation (Sa0,) (%), and pH were measured at TO, T2, T4-T9. Serum lactate (mmol/L) was
measured at TO, T2, T4-T6, T8, and T9.

The urine output (UO) was measured at TO, T8, and T9. At TO and T9, 10 mL of urine were
also sampled to check urine specific gravity and P/C ratio. At the same time periods, 4 mL of
blood were sampled to measure serum creatinine and urea. A transurethral Foley catheter
(Foley catheter, Solidor) was positioned at the entrance of the bladder for UO measurement
(in mL-kg™-h™), which was fully emptied and closed. All dogs remained in the animal hospital
and were monitored during the 26 h post procedure.

Statistical analysis was performed using the IBM SPSS Statistics 20.0 package (IBM Corp.,
USA). The Shapiro-Wilk test tested the normality of data. The analysis of variance test with

https://doi.org/10.4142/jvs.2021.22.e44 4/15
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Tukey's test or post hoc test evaluated variables that presented normal distribution. The
significance level used for all tests was 5%.

RESULTS

No dog from any group presented any complication during surgery and no additional
analgesia was required during this period. The mean surgical time was 48.5 + 10.6 min, while
the fluid therapy time, in min, was 86.5 +16.91, 85.12 + 13.5, and 85.62 + 21.25, for G5, G10,
and G20, respectively, without differences between the groups (p = 0.987). ETiso was 1.56 +
0.13% on G5, 1.58 + 0.15% on G10, and 1.57 + 0.09% on G20, with no differences between
the groups. The weight of the animals (G5, 17.7 £ 3.0 kg; G10, 14.5 + 2.9 kg; and G20, 16 £ 3.2
kg) did not differ between the groups (p = 0.1420).

At the end of the procedure, only three animals (two from G5 and one from G20) needed
neuromuscular block reversal. For those animals, the researchers administered atropine
(0.02 mg-kg, IV), followed by neostigmine (0.02 mg-kg?, IV).

Among all the urinary system variables evaluated (Table 1), only UO showed differences
between groups at T8 (p = 0.001), in which significant higher values were noted for G20
compared to G5 (Fig. 1).

All groups presented hypothermia during surgery, which was more accentuated at T6, T7,
and T8, which differed from TO (p < 0.05). At T1, T3, and T7 there was a significant difference

Table 1. Urinary system variables in female dogs undergoing different fluid therapy rates

Variables Evaluation moment G5(n=38) G10 (n =8) G20 (n=8)
P/C ratio T0 0.19 + 0.16 0.25 0.1 0.56 £ 0.50
T9 0.26 £ 0.16 0.48 = 0.57 0.16 £ 0.12
Creatinine (mg/dL) TO 1.10 = 0.17 1.08 + 0.16 1.11+0.26
T9 0.93+0.20 1.00 + 0.12 1.02 + 0.28
Urea (mg/dL) TO 30.92 +9.32 3119 +13.02 97.59 + 9.20
T9 37.61+10.39 36.88 £10.19 39.20 +£12.26
Urine specific gravity TO 1,036% + 15 1,042+ 9 1,025° =11
T9 1,041+ 8 1,041+ 9 1,047¢ £18

Values are presented as mean + SD.

TO, baseline; T8, extubation moment; T9, data collected 24 h after the end of surgery; G5, 5 mL-kg™-h™"; G10, 10 mL-kg"-h™"; G20, 20 mL-kg™"-h™'; P/C ratio, protein

to creatinine ratio.

abpifferent superscript letters indicate results with significant differences between groups (p = 0.027, Tukey's test). °Difference to TO (p = 0.015, t-test).

https://vetsci.org
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Fig. 1. Mean = SD of the urine output in female dogs undergoing different fluid therapy rates.
G5, 5 mL-kg™-h™" (n = 8). G10, 10 mL-kg™-h™" (n = 8). G20, 20 mL-kg™-h™" (n = 8).
abpifferent letters indicate results with significant differences between groups (p = 0.001, Tukey's test).
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Fig. 2. Mean = SD of the temperature (A) and heart rate (B) in female dogs undergoing different fluid therapy rates.
G5, 5 mL-kg™-h™" (n = 8). G10, 10 mL-kg™-h™" (n = 8). G20, 20 mL-kg"-h" (n = 8).
2bpifferent letters indicate results with significant differences between groups (p < 0.05). “Difference of groups to TO (p < 0.05, Tukey's test).
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between the groups (p < 0.05). Dogs in G20 became more hypothermic at the end of the
procedure (35.93 + 0.61°C) (p = 0.032). There were no HR variations during the evaluation
times, although there was a significant difference between groups in T9 (p = 0.042) (Fig. 2).

Despite the increase in CVP values after establishing the pneumoperitoneum (T4), this
parameter not differ significantly between groups. The increase in CVP was significant in G5
at T4 (p=0.039) and in G20 at T6 (p = 0.013), when compared to T2. The lowest values for
arterial blood pressure (SAP, DAP, MAP) were recorded after anesthetic induction (T2). In

all the groups, the highest arterial blood pressure values from the perioperative period were
recorded after administering 12 mmHg into the pneumoperitoneum (T4, which differed from
T2; p < 0.05) (Fig. 3).

The concentration of serum lactate did not differ between the evaluation times within
groups, despite its constant increase after anesthetic induction in G5. However, there

was a difference between groups at T8. The average values in G5 were significantly higher
than the ones in G20 (p = 0.036) (Fig. 4A). The APP was similar between groups, although
the lowest values were identified on G5 at T6 (p = 0.0706). After the establishment of the
pneumoperitoneum, only the values of G20 at T4 (p = 0.001) and TG (p = 0.034) differed from
the baseline values of this variable registered at T3 (Fig. 4B).

The PaO, and SaO, mean values remained within the physiological range for the species
during the whole evaluation time. HCOs™ did not differ between groups or between
evaluation times within groups (Table 2).

Regarding pH values, there was no significant difference between the groups. However, the
lowest average values were observed in G5. In all groups the pH values lowered during the
intraoperative period, differing significantly from the baseline values (p < 0.05). However,
this occurred earlier and for a longer time in G5. At T8, the average values for G10 (p = 0.076)
and G20 (p = 0.081) did not differ from TO; at T8, six animals from G10 and six animals

from G20 presented pH values above 7.30, while for G5, only two animals exhibited similar
values. The highest PaCO2 values (p < 0.05) were observed for all groups at the intraoperative
evaluation times. Respiratory acidosis was evident in animals from all the groups, being
more severe after the establishment of pneumoperitoneum (T4) (Table 2).

https://doi.org/10.4142/jvs.2021.22.e44 6/15
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Fig. 3. Mean = SD of the SAP (A), DAP (B), MAP (C), and CVP (D) in female dogs undergoing different fluid therapy rates.

SAP, systolic arterial blood pressure; DAP, diastolic arterial blood pressure; MAP, mean arterial blood pressure; CVP, central venous pressure; G5, 5 mL-kg™-h™" (n
=8); G10, 10 mL-kg™"-h™" (n = 8); G20, 20 mL-kg™-h™" (n = 8).

apifference between T2 and T4 in all groups (p < 0.05); °Difference between T2 and T4 on G5 (p = 0.039); °Difference between T2 and T6 on G20 (p = 0.013, Tukey's test).
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Fig. 4. Mean = SD of lactate (mmol/L) (A) and abdominal perfusion pressure (B), in female dogs undergoing different fluid therapy rates.
G5, 5 mL-kg™-h™" (n = 8); G10, 10 mL-kg™-h™" (n = 8); G20, 20 mL-kg"'-h™" (n = 8).
abpifferent letters indicate results with significant differences between groups (p = 0.036, Tukey's test); °Difference of G20 to baseline (T3) (p < 0.05, Tukey's test).

https://vetsci.org

BE values did not vary significantly between the groups. However, in G5 (p = 0.001) and G10
(p < 0.001) these values varied over time, with the lowest ones being recorded between T5 and
T7 (which differed significantly from the baseline data) and exceeded the physiological values
for the species. In G20, BE values did not change over time (Table 2).
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Table 2. Hemogasometric variables, f, and ETCO, in female dogs undergoing different fluid therapy rates

Vo

Variables  Group TO T2 T4 T5 T6 T7 T8 T9
Ph G5 7.40 = 0.01 7.34 + 0.02° 7.29 + 0.04* 7.97 + 0.04% 7.26 + 0.04* 7.26 + 0.06° 7.28 + 0.07% 7.40 + 0.07
G10 7.40 = 0.02 7.35+0.04 7.31+0.02° 7.28 £ 0.04* 7.27 + 0.05* 7.29 + 0.05% 7.33 +0.04 7.42 + 0.02
G20 7.39 = 0.04 7.35 +0.04 7.33 £ 0.04 7.29 + 0.03* 7.26 = 0.03* 7.29 + 0.04* 7.30 + 0.05 7.40 + 0.02
PaO, G5 103.4 + 27.58 446.0 +33.29° 428 + 41.87* 411.5 £ 58.50*  382.5 = 97.10° 410.1 £ 69.36  386.1+134.2° 83.21 + 25.25
G10 94.91+17.35 4928.35 £ 58.91* 43770 + 74.67* 402.71 + 37.05 392.25 £ 51.48% 432.69 + 52.91° 294.68 + 157.53 87.66 = 11.91
G20 99.33+7.43 420.31 £ 67.64* 405.38 £122.96* 418.27 + 56.63*  417.51 + 86.63* 416.54 + 68.51* 318.75+170.83 90.68 + 6.30
PaCO, G5 33.24 £ 3.10 39.89 £ 3.17° 43.55 = 4.56° 45.99 + 4.44* 47.50 + 4.82° 48.64 + 6.29* 47.70 +12.23 35.11+5.40
G10 33.58 £ 2.21 37.58 £ 5.60 41.25 +1.89% 44,65 + 5.29° 46.21 + 5.64 44.99 + 5.87* 40.51+ 6.09 32.91+1.84
G20 34.56 + 4.55 36.12 + 5.62 40.54 £ 4.47 45.20 +2.85% 49.40 + 3.59* 46.54 + 3.68* 47.27 + 6.60° 34.96 +4.72
HCO;~ G5 20.40 £1.90 21.14 +1.42 20.93 = 0.63 20.71+1.14 20.90 +1.07 21.24 +1.30 21.64 +2.44 21.00 +1.38
G10 20.59 +£1.27 20.18 +£1.97 20.49 +1.03 20.74 +1.24 20.88 = 0.89 21.26 + 0.77 21.16 £ 1.32 21.39 +1.13
G20 20.39 £1.97 19.79 = 3.01 21.03 +2.24 21.41 +2.10 22.13 £1.15 21.84 +1.64 22.69 =1.00 21.23 £ 2.19
Sa0, G5 96.81+ 0.77 99.62 + 0.60 99.69 + 0.41 99.85 + 0.08 99.60 + 0.50 99.72 + 0.28 99.41 £ 0.89 96.76 +1.24
G10 94.94 +5.83 99.76 £ 0.16 99.76 + 0.10 99.83 £ 0.10 99.81+ 0.06 99.79 £ 0.16 99.03 +1.21 95.64 +2.75
G20 97.12 + 0.48 99.62 + 0.49 99.90 £ 0.11 99.87 £ 0.10 99.85 = 0.09 99.83 £ 0.1 99.01 +£1.09 92.89 +9.36
BE G5 -3.31+1.54 -4.20 +1.32 -5.17 + 0.99 -5.92 +1.13* -5.97 +1.06% -5.80 +1.61* -4.90 +1.43 -2.87 £2.35
G10 -3.19 £ 1.15 -4.91+1.62 -5.33 +1.20% -5.56 +1.28% -5.75 £ 1.172 -5.03 +1.10? -4.21 +0.82 -2.15 £ 1.07
G20 -3.75+1.75 -5.11+2.86 -4.49 £92.27 -4.96 +£2.23 -4.83 +1.43 -4.60 +1.97 -3.65+0.98 -2.74 +1.53
f G5 47.63 = 47.99 11.88 +1.25 12.75 +2.96 14.00 = 3.07 17.63 £ 4.17° 18.25 +3.37° 18.43 £ 9.88 29.00 + 8.48°
G10 59.00 + 52.01 1.13 £2.29 1013 +£3.94 12.50 + 4.57 16.13 + 3.44° 15.38 + 4.27 17.63 = 6.12 59.00 + 34.85
G20 51.50 +45.98 10.50 +2.56 11.88 + 4.55 1213 £ 3.31 15.71+1.98° 14.50 + 3.38 22.86 +18.31 55.00 +32.97
ETCO, G5 = 38.25 +3.45 40.38 + 4.31 41.25 + 3.69 41.88 +2.59 492.95 + 3.10 o =
G10 = 36.00 = 4.54 37.63 £ 4.69 40.25 + 3.61 39.63 + 3.54 39.13 + 3.64 o =
G20 = 35.75 £2.71 36.13 +1.46 40.63 = 4.00 4113 +3.44 39.13 +2.59 @ =

Values are presented as mean = SD.
f, respiratory rate; ETCO,, end-tidal partial pressure of carbon dioxide; G5, 5 mL-kg™"-h™ (n = 8). G10, 10 mL-kg™"-h™" (n = 8). G20, 20 mL-kg™-h™" (n = 8); Pa0,,
arterial oxygen partial pressure; PaCO,, arterial carbon dioxide partial pressure; HCO;

-, sodium bicarbonate; Sa0,, arterial oxygen saturation; BE, base excess.

apifference to TO. PDifference to T2. Tukey's test.

https://vetsci.org

The total CO, values (in liters) used to establish the pneumoperitoneum did not differ
between the groups (p = 0.627), being 26.67 + 2.93 for G5, 26.14 + 5.08 for G10, and 24.44 +
5.40 for G20.

Among the electrolytes measured in the present study (Fig. 5A-C), only potassium showed
differences between the evaluation times in G10 (p = 0.005) and G20 (p = 0.028), with no
differences being observed between the groups. The lowest values of this electrolyte were

recorded both in the G10 and G20 groups (Fig. 5A-C) from T2 to T8, including values below
the reference values for the species, found in G20.

The AG values (Fig. 5D) remained within the physiological range for the species in all the
groups. However, during all intraoperative timepoints, values in G20 were lower than those
in G5 and G10. At T6 (p = 0.048) and T7 (p = 0.017) such difference was evident.

DISCUSSION

Several factors can influence cardiorespiratory variables and arterial blood gas analysis,
including general anesthetics and depth of anesthesia [16]. In this study, however, there was
no difference between the groups regarding ETiso, f, ETCO,, surgical time, extubation time,
and fluid therapy time.

https://doi.org/10.4142/jvs.2021.22.e44 8/15
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Fig. 5. Mean + SD of sodium (A), potassium (B), chloride (C), and AG (D) in female dogs undergoing different fluid therapy rates.
G5, 5 mL-kg™-h™' (n = 8). G10, 10 mL-kg™-h™" (n = 8). G20, 20 mL-kg™-h™" (n = 8).
abpifferent letters indicate results with significant differences between groups (Tukey's test). °Difference of G20 to TO (p < 0.05). “Difference of G10 to TO (p < 0.05).
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Due to the fact that the study was conducted with routine animals, the recommended IAP

for the procedure was established (12 mmHg) and did not vary according to the weight of the

animal. The CO, volume used was adjusted by the insufflation equipment for each particular

abdominal space. Both the total CO, volume (L) used to perform the surgeries and the weight
of the animals did not vary significantly between groups.

This type of surgery usually results in tachycardia and hypertension after the administration
of medical CO, into the pneumoperitoneum, either because this gas promotes sympathetic
stimulation [17] or due to the increase in IAP [3,17]. In the present study, only arterial blood
pressure increased immediately following the abdominal cavity insufflation (T4). However,
after 5 min (T5) the values did not vary significantly from T3 or TO.

Although CVP did not present any significant difference between the groups, the values
increased when the animals were under pneumoperitoneum effect and received mechanical
ventilation. Both factors can contribute to this elevation, which is consistent with other
studies [18,19]. However, this study found that the hemodynamic variables were affected by
the surgical procedure, while the different fluid therapy rates had no effect upon them.

APP has been proposed as an accurate predictor of visceral organ perfusion in humans [20].
Improving intra-abdominal perfusion in patients with intra-abdominal hypertension (IAH) is

https://doi.org/10.4142/jvs.2021.22.e44 9/15
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extremely important in terms of morbidity and mortality [21]. APP values and their consequences
have only been documented in felines, but not in canines [22]. Further, human studies
demonstrate that a decrease in APP is related to a worse prognosis in individuals with IAH, with
cut-offvalues of 60 mmHg [23,24] and 53 mmHg [25], for adults and children, respectively.

Although in this study there was no significant differences between the groups in the
assessment of APP, only G5 showed values below 60 mmHg, the cut-off point used for humans.
The real implications of these findings are not known due to the scarce number of studies about
this parameter in animals. The authors encourage further studies to clarify the benefits of this
evaluation in the perioperative environment of videosurgeries. This is the first study on APP in
canines and if it can be used as an indicator of tissue perfusion during the perioperative period,
it would be a low cost and easy to implement tool in the routine procedures of videosurgery.

After anesthetic induction, G5 was the only group that showed a progressive increase in

the lactate values throughout the intraoperative period—statistical significant difference
between groups was evidenced at T8. The increase in serum lactate at the end of the
procedure on animals of G5 might be the result of the restrictive fluid therapy in this group,
which could have increased the tissue hypoperfusion caused by the pneumoperitoneum

[4]. This becomes relevant because in a surgical procedure, where anesthesia lowers oxygen
consumption [26], the increase in lactate is not expected.

Recently, the increasing intraoperative serum lactate levels have been observed exclusively

in patients who developed postoperative acute kidney injury (AKI), demonstrating that
intraoperative serum lactate may be an important and effective biomarker to prevent and
diagnose postoperative AKI in the studied population [27]. This supports the hypothesis that the
restrictive fluid therapy rate for video-assisted procedures may present no benefit to the animals.

The fact that pneumoperitoneum may cause renal changes such as reduced tissue perfusion,
reduction of glomerular filtration rate, and decreased UO is due to the increased IAP [28].
Variables such as UO were measured during surgery, remaining within the normal range

for the species only in animals of G10. Animals from G5 presented perioperative oliguria
when compared to the other groups, which can be related to the reduction of the glomerular
filtration rate. The mean values of G20 remained above the reference values for the species,
suggesting hyperhydration with consequent kidney overload.

Oliguria is well documented in animals and humans submitted to high IAP
(pneumoperitoneum) [29,30], and to inhalation anesthesia by increasing vasopressin release
[31], which may impair the assessment of UO. In this study, the depth of anesthesia was
similar between the groups and all were submitted to 12 mmHg of pneumoperitoneum.
Different fluid therapy rates affected the UO and, therefore, should be regarded as attempts
to minimize perioperative oliguria and to avoid overloading the kidneys up to the point

of causing polyuria. When evaluating the effects of anesthesia, surgery, and intravenous
administration of fluids on plasma on the antidiuretic hormone concentrations in healthy
dogs, Hauptman et al. [31] concluded that the administration of fluids was an important
factor for maintaining urine production during the intraoperative periods. Urine specific
gravity values did not show significant differences between groups after fluid therapy at T9,
although they were different at TO. Such difference is not physiologically relevant since all the
values were within the physiological range for the species [32] and because the urine specific
gravity may be affected by water intake, food, and activity level [33].

https://doi.org/10.4142/jvs.2021.22.e44 10/15
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Despite the lack of scientific evidence, restrictive rates of fluid therapy are currently
recommended [6] in order to minimize the risks related to hypervolemia [1]. Several
parameters can be related to fluid overload, such as an increase in UO, as previously
discussed. AG is commonly used to assist in the diagnosis of metabolic acidosis whenever

its elevation is observed, while AG values lower than the reference interval in animals with
hypoproteinemia [34]. Despite the fact that all the observed AG values were within the
physiological range [35] throughout all the intraoperative times, animals from G20 presented
lower values than the other groups (at T6 and T7, such difference was particularly evident, p <
0.05), which can be explained by the dilution of plasma proteins, causing a reduction of the
negative protein charge [34] due to the administration of a liberal fluid therapy to this group.

The mean potassium values resulted in hypokalemia only in G20, considering 3.7-5.8 mEq/L as
reference values [36]. The lower potassium values observed in G20 can be related to the higher
rate of fluid administration to these animals, which resulted in an increase on the electrolyte
excretion due to lower resorption at the distal and proximal contorted tubules [37].

In a study conducted in an academic teaching setting, the clip area percentage was associated
with perioperative unexpected hypothermia, while surgical duration and total anesthesia
time was not associated with the risk of hypothermia [38]. In the present study, clipping

the area was standardized for video-assisted OH and, in addition, there was no significant
difference between the groups regarding the time of anesthesia. Even though all animals
were positioned over an active heating blanket throughout the anesthetic period, all of them
developed hypothermia during surgery. This effect was more severe in animals from G20.
That was expected, because according to Jacob et al. [7], the decrease in body temperature

is one of the risks associated with great amounts of fluids. In order to minimize this effect,
avoid hemodynamic and ventilatory changes, and alterations in oxygenation [39], other active
heating methods could be implemented, such as the administration of warmed fluids [40].

Despite the adoption of the ventilatory measures as indicated in the literature for the
animals submitted to video-assisted procedures (such as mechanical ventilation [41]) and
changes in the respiratory rate to adjust ETCO, values, respiratory acidosis was observed
in all the groups during the intraoperative period and increased after the administration of
the pneumoperitoneum (T4). This can be attributed to the peritoneal absorption of CO,,
increasing arterial blood levels and reducing the pH [17].

The values of HCO;™ did not differ between the groups or between the evaluation times
within groups. However, there was a slight increase in its values after the establishment of the
pneumoperitoneum, suggesting metabolic compensation due to acute respiratory acidosis.
Further, Morais and DiBartola [42] noted that an increase of 0.15 mEq/L on (HCO;") can be
expected for each increase of 1 mmHg in PCO, in dogs.

The absence of significant differences in the total volume of CO, used to sustain the
pneumoperitoneum of 12 mmHg should be emphasized, because acidosis in animals
submitted to video-assisted procedures is related to peritoneal CO, absorption [17].
Therefore, the occurrence of a more accentuated acidosis in animals in G5 may be linked

to the fact that they received a restrictive rate of lactated Ringer's solution. The alkalizing
properties of this solution [43] may have attenuated the condition of acidosis in animals that
received a greater volume of this fluid (G10 and G20).
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Despite the current 5 mL-kg?-h™ rate of fluid therapy usually recommended for dogs
submitted to low-risk procedures (based only on the professional experience of colleagues)
[6], the results herein presented support the hypothesis that such rate may not be
recommended for dogs submitted to video-assisted OH. The potential effects include
intraoperative oliguria, progressive increase in serum lactate, and lower values of BE, which
should also be considered for tissue perfusion assessment. The animals from G5 presented
acidosis earlier and for a longer time and the lowest values of APP were presented at the
end of the establishment of the pneumoperitoneum. Although we do not know the real
clinical impact of this variable due to the few number of works about it, in studies of humans
with IAH, the lowest APP values are related to worse prognoses. Moreover, the liberal fluid
therapy, advocated by some authors [9], resulted in the present study in polyuria, reduced
AG, hypokalemia, and more severe hypothermia, suggesting fluid overload.

Perioperative fluid therapy is still poorly studied in Veterinary Medicine, still presenting
great knowledge gaps. In the literature consulted, this is the first study that evaluates the
different rates of administration of lactated Ringer's solution for an increasingly used
surgical technique that presents important particularities, such as IAH promoted by
pneumoperitoneum. The data obtained from this study contributes to the improvement of
perioperative fluid therapy in veterinary videosurgery by minimizing the risks inherent to the
surgical procedure, such as the hypoperfusion of abdominal organs.

Shin et al. [12], in their study of 92,094 people, showed the importance of the impact that
intraoperative fluid therapy has on the postoperative outcomes of patients. The authors
distributed the individuals among five fluid administration ranges: restrictive, moderately
restrictive, moderate, moderately liberal, and liberal. They found that the mortality rate and
AKI were higher in individuals who received restrictive and liberal fluid therapy. For most
patients, a moderately restrictive approach to fluid management during surgery can promote
the best postoperative results [12]. In veterinary medicine, we do not have an analysis of this
magnitude on the impact of different rates of perioperative fluid therapy, nor a consensus on
what can be considered a restrictive, moderately restrictive, moderate, moderately liberal,

or liberal fluid therapy. Accordingly, our study provides initial contributions about this issue
regarding laparoscopic procedures with small animals.

Some limitations of our study were inherent to clinical trials, such as the short period of
exposure of the animals to the pneumoperitoneum during an elective video-assisted OH,
which might explain the slight differences observed between the groups. The complexity of
assessing tissue perfusion in animals submitted to routine hospital procedures was another
limiting factor.

The available methods for evaluating microcirculation are very limited. Nevertheless, there

is evidence that accurate assessment and monitoring of tissue perfusion using parameters

of global O, metabolism is essential for the selection of the most appropriate therapeutic
strategy [44]. Among the biochemical parameters of global O, metabolism used as clinical
markers of different aspects of the microcirculation and tissue perfusion status, such as
mixed venous oxygen saturation (S,0,), lactate, venous—arterial carbon dioxide difference
(PCO, gap) and PCO, gap/arterial-venous difference in oxygen (Ca-vO,) [44], only lactate was
assessed in our study.
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Based on the results of our study it was not possible to determine the clinical importance of
different LRS administration rates for healthy dogs undergoing videosurgery. However, dogs
with pre-existing kidney disease or animals with predisposing factors for its development can
benefit from a conventional fluid therapy rate (10 mL-kg™-h™). Therefore, this rate should be
tested in a large prospective study with animals under such conditions.

According to the results presented and discussed in this work, the administration of
lactated Ringer's solution at a rate of 10 mL-kg™-h™ seems to be more beneficial in elective
laparoscopic procedures than at 5 or 20 mL-kg™-h™ rates of infusion.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Variables and time points

Click here to view

Supplementary Fig. 1
Variables and time points.

Click here to view

REFERENCES

10.

Pascoe PJ. Chapter 17. Perioperative management of fluid therapy. In: DiBartola SP, editor. Fluid, Electrolyte,
and Acid-Base Disorders in Small Animal Practice. 4 ed. St. Louis: Saunders/Elsevier; 2012, 405-435.

Fantoni D, Shih AC. Perioperative fluid therapy. Vet Clin North Am Small Anim Pract. 2017;47(2):423-434.
PUBMED | CROSSREF

Park YT, Okano S. Influence of pneumoperitoneum and postural change on the cardiovascular and
respiratory systems in dogs. J Vet Med Sci. 2015;77(10):1223-1226.

PUBMED | CROSSREF

Schifer M, Krahenbiihl L. Effect of laparoscopy on intra-abdominal blood flow. Surgery. 2001;129(4):385-389.
PUBMED | CROSSREF

Wever KE, Bruintjes MH, Warlé MC, Hooijmans CR. Renal perfusion and function during pneumoperitoneum:
a systematic review and meta-analysis of animal studies. PLoS One. 2016;11(9):e0163419.

PUBMED | CROSSREF

Davis H, Jensen T, Johnson A, Knowles P, Meyer R, Rucinsky R, et al. 2013 AAHA/AAFP fluid therapy
guidelines for dogs and cats. ] Am Anim Hosp Assoc. 2013;49(3):149-159.

PUBMED | CROSSREF

Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M. A rational approach to perioperative fluid
management. Anesthesiology. 2008;109(4):723-740.

PUBMED | CROSSREF

Smart L, Boyd CJ, Claus MA, Bosio E, Hosgood G, Raisis A. Large-volume crystalloid fluid is associated
with increased hyaluronan shedding and inflammation in a canine hemorrhagic shock model.
Inflammation. 2018;41(4):1515-1523.

PUBMED | CROSSREF

Doherty M, Buggy DJ. Intraoperative fluids: how much is too much? Br ] Anaesth. 2012;109(1):69-79.
PUBMED | CROSSREF

Silverstein DC, Cozzi EM, Hopkins AS, Keefe TJ. Microcirculatory effects of intravenous fluid
administration in anesthetized dogs undergoing elective ovariohysterectomy. Am J Vet Res.
2014;75(9):809-817.

PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e44 13/15


https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e44&fn=jvs-22-e44-s001.xls
https://vetsci.org/DownloadSupplMaterial.php?id=10.4142/jvs.2021.22.e44&fn=jvs-22-e44-s002.ppt
http://www.ncbi.nlm.nih.gov/pubmed/28164837
https://doi.org/10.1016/j.cvsm.2016.11.004
http://www.ncbi.nlm.nih.gov/pubmed/26027843
https://doi.org/10.1292/jvms.14-0687
http://www.ncbi.nlm.nih.gov/pubmed/11283527
https://doi.org/10.1067/msy.2001.110224
http://www.ncbi.nlm.nih.gov/pubmed/27657740
https://doi.org/10.1371/journal.pone.0163419
http://www.ncbi.nlm.nih.gov/pubmed/23645543
https://doi.org/10.5326/JAAHA-MS-5868
http://www.ncbi.nlm.nih.gov/pubmed/18813052
https://doi.org/10.1097/ALN.0b013e3181863117
http://www.ncbi.nlm.nih.gov/pubmed/29728805
https://doi.org/10.1007/s10753-018-0797-4
http://www.ncbi.nlm.nih.gov/pubmed/22661747
https://doi.org/10.1093/bja/aes171
http://www.ncbi.nlm.nih.gov/pubmed/25157884
https://doi.org/10.2460/ajvr.75.9.809

Journal of (

Fluid therapy for video-assisted surgery in dogs Veterinary Science V)

https://vetsci.org

11.

Hansen B, Vigani A. Maintenance fluid therapy: isotonic versus hypotonic solutions. Vet Clin North Am
Small Anim Pract. 2017;47(2):383-395.
PUBMED | CROSSREF

12.  Shin CH, Long DR, McLean D, Grabitz SD, Ladha K, Timm FP, et al. Effects of intraoperative fluid
management on postoperative outcomes: a hospital registry study. Ann Surg. 2018;267(6):1084-1092.
PUBMED | CROSSREF

13. Holte K. Pathophysiology and clinical implications of peroperative fluid management in elective surgery.
Dan Med Bull. 2010;57(7):B4156.

PUBMED

14. de Aguiar ESV, Dallabrida AL, Bopp S, Rocha GLS, Franca EP, da Fonseca ET, et al. Measurement of
central venous pressure by mean of central and peripheric catheters: comparison among the obtained
vallues in dogs and elaboration of a correction index. Cienc Rural. 2004;34(6):1827-1831.

CROSSREF

15. Brun MV. Cirurgias no aparelho reprodutor feminino de caninos. In: Videocirurgia em Pequenos Animais. 1%
ed. Rio de Janeiro: Roca; 2015, 186-213.

16. Haskins SC. Monitoring anesthetized patients. In: Grimm KA, Lamont LA, Tranquilli W], Greene SA,
Robertson SA, editors. Veterinary Anesthesia and Analgesia: The Fifth Edition of Lumb and Jones. Hoboken: Wiley-
Blackwell; 2017, 86-113.

17. Fitzgerald SD, Andrus CH, Baudendistel L], Dahms TE, Kaminski DL. Hypercarbia during carbon dioxide
pneumoperitoneum. AmJ Surg. 1992;163(1):186-190.

PUBMED | CROSSREF

18. Botter FCS, Taha MO, Fagundes DJ, Fagundes ATN. The role of pneumoperitoneum in the respiratory
and hemodynamic evaluation in anaesthetized rats, with or without intubation. Rev Col Bras Cir.
2005;32(5):261-266.

CROSSREF

19. Caricato A, Conti G, Della Corte F, Mancino A, Santilli F, Sandroni C, et al. Effects of PEEP on the
intracranial system of patients with head injury and subarachnoid hemorrhage: the role of respiratory
system compliance. ] Trauma. 2005;58(3):571-576.

PUBMED | CROSSREF

20. Cheatham ML, Safcsak K. Intraabdominal pressure: a revised method for measurement. ] Am Coll Surg.
1998;186(5):594-595.
CROSSREF

21. Cheatham ML, White MW, Sagraves SG, Johnson JL, Block EF. Abdominal perfusion pressure: a superior
parameter in the assessment of intra-abdominal hypertension. ] Trauma. 2000;49(4):621-626.
PUBMED | CROSSREF

22. Bosch L, Rivera del Alamo MM, Andaluz A, Monreal L, Torrente C, Garcia-Arnas F, et al. Effects of
ovariohysterectomy on intra-abdominal pressure and abdominal perfusion pressure in cats. Vet Rec.
2012;171(24):622.

PUBMED | CROSSREF

23. Cheatham ML, Malbrain ML, Kirkpatrick A, Sugrue M, Parr M, De Waele J, et al. Results from the
International Conference of Experts on Intra-abdominal Hypertension and Abdominal Compartment
Syndrome. II. Recommendations. Intensive Care Med. 2007;33(6):951-962.

PUBMED | CROSSREF

24. Cheatham ML, Safcsak K. Is the evolving management of intra-abdominal hypertension and abdominal
compartment syndrome improving survival? Crit Care Med. 2010;38(2):402-407.
PUBMED | CROSSREF

25. Horoz OO, Yildizdas D, Sari Y, Unal I, Ekinci F, Petmezci E. The relationship of abdominal perfusion
pressure with mortality in critically ill pediatric patients. J Pediatr Surg. 2019;54(9):1731-1735.
PUBMED | CROSSREF

26. Rivers EP, Ander DS, Powell D. Central venous oxygen saturation monitoring in the critically ill patient.
Curr Opin Crit Care. 2001;7(3):204-211.

PUBMED | CROSSREF

27. Mitchell SC, Vinnakota A, Deo SV, Markowitz AH, Sareyyupoglu B, Elgudin Y, et al. Relationship
between intraoperative serum lactate and hemoglobin levels on postoperative renal function in patients
undergoing elective cardiac surgery. ] Card Surg. 2018;33(6):316-321.

PUBMED | CROSSREF

28. Leonard IE, Cunningham AJ. Anaesthetic considerations for laparoscopic cholecystectomy. Best Pract Res

Clin Anaesthesiol. 2002;16(1):1-20.
PUBMED | CROSSREF
https://doi.org/10.4142/jvs.2021.22.e44 14/15


http://www.ncbi.nlm.nih.gov/pubmed/27908484
https://doi.org/10.1016/j.cvsm.2016.10.001
http://www.ncbi.nlm.nih.gov/pubmed/28288059
https://doi.org/10.1097/SLA.0000000000002220
http://www.ncbi.nlm.nih.gov/pubmed/20591343
https://doi.org/10.1590/S0103-84782004000600025
http://www.ncbi.nlm.nih.gov/pubmed/1733368
https://doi.org/10.1016/0002-9610(92)90274-U
https://doi.org/10.1590/S0100-69912005000500008
http://www.ncbi.nlm.nih.gov/pubmed/15761353
https://doi.org/10.1097/01.TA.0000152806.19198.DB
https://doi.org/10.1016/S1072-7515(98)00122-7
http://www.ncbi.nlm.nih.gov/pubmed/11038078
https://doi.org/10.1097/00005373-200010000-00008
http://www.ncbi.nlm.nih.gov/pubmed/23118052
https://doi.org/10.1136/vr.100791
http://www.ncbi.nlm.nih.gov/pubmed/17377769
https://doi.org/10.1007/s00134-007-0592-4
http://www.ncbi.nlm.nih.gov/pubmed/20095067
https://doi.org/10.1097/CCM.0b013e3181b9e9b1
http://www.ncbi.nlm.nih.gov/pubmed/30638664
https://doi.org/10.1016/j.jpedsurg.2018.10.105
http://www.ncbi.nlm.nih.gov/pubmed/11436529
https://doi.org/10.1097/00075198-200106000-00011
http://www.ncbi.nlm.nih.gov/pubmed/29726039
https://doi.org/10.1111/jocs.13713
http://www.ncbi.nlm.nih.gov/pubmed/12491540
https://doi.org/10.1053/bean.2001.0204

Journal of (

Fluid therapy for video-assisted surgery in dogs Veterinary Science V)

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Demyttenaere S, Feldman LS, Fried GM. Effect of pneumoperitoneum on renal perfusion and function: a
systematic review. Surg Endosc. 2007;21(2):152-160.

PUBMED | CROSSREF

Sodha S, Nazarian S, Adshead JM, Vasdev N, Mohan-S G. Effect of pneumoperitoneum on renal function
and physiology in patients undergoing robotic renal surgery. Curr Urol. 2016;9(1):1-4.

PUBMED | CROSSREF

Hauptman JG, Richter MA, Wood SL, Nachreiner RF. Effects of anesthesia, surgery, and intravenous
administration of fluids on plasma antidiuretic hormone concentrations in healthy dogs. AmJ Vet Res.
2000;61(10):1273-1276.

PUBMED | CROSSREF

Osborne CA, Stevens JB, Lulich JP, Ulrich LK, Bird KA, Koehler LA, et al. A clinician's analysis of
urinalysis. In: Osborne CA, Finco DR, editors. Canine and Feline Nephrology and Urology. 1* ed. Baltimore:
Williams & Wilkins; 1995, 136-205.

Gonzalez FHD, Silva SC. Introdu¢do d Bioquimica Clinica Veterindria. Porto Alegre: Editora da Universidade
Federal do Rio Grande do Sul; 2017.

DiBartola SP. Chapter 9. Introduction to acid-base disorders. In: DiBartola SP, editor. Fluid, Electrolyte, and
Acid-Base Disorders in Small Animal Practice. 4™ ed. St. Louis: Saunders/Elsevier; 2012, 231-252.

DiBartola SP. Chapter 10. Metabolic acid-base disorders. In: DiBartola SP, editor. Fluid, Electrolyte, and Acid-
Base Disorders in Small Animal Practice. 4™ ed. St. Louis: Saunders/Elsevier; 2012, 253-286.

Carlson GP, Bruss M. Chapter 17. Fluid, electrolyte, and acid-base balance. In: Kaneko JJ, Harvey JW, Bruss
M, editors. Clinical Biochemistry of Domestic Animals. 6" ed. Boston: Elsevier Academic Press; 2008, 529-559.

Mathews KA. Chapter 16. Monitoring fluid therapy and complications of fluid therapy. In: DiBartola SP,
editor. Fluid, Electrolyte, and Acid-Base Disorders in Small Animal Practice. 4® ed. St. Louis: Saunders/Elsevier;
2012, 386-404.

Rodriguez-Diaz JM, Hayes GM, Boesch J, Martin-Flores M, Sumner JP, Hayashi K, et al. Decreased
incidence of perioperative inadvertent hypothermia and faster anesthesia recovery with increased
environmental temperature: a nonrandomized controlled study. Vet Surg. 2020;49(2):256-264.

PUBMED | CROSSREF

Yasbek KVB. Hipotermia. In: Fautoni DT, editor. Anestesia em Cdes e Gatos. 2" ed. Sdo Paulo: Roca; 2009,
605-610.

Sessler DI. Deliberate mild hypothermia. ] Neurosurg Anesthesiol. 1995;7(1):38-46.

PUBMED | CROSSREF

Gerges FJ, Kanazi GE, Jabbour-Khoury SI. Anesthesia for laparoscopy: a review. J Clin Anesth.
2006;18(1):67-78.

PUBMED | CROSSREF

de Morais HS, DiBartola SP. Ventilatory and metabolic compensation in dogs with acid-base
disturbances. ] Vet Emerg Crit Care. 1991;1(2):39-49.

CROSSREF

DiBartola SP, Bateman S. Chapter 14. Introduction to fluid therapy. In: DiBartola SP, editor. Fluid,
Electrolyte, and Acid-Base Disorders in Small Animal Practice. 4™ ed. St. Louis: Saunders/Elsevier; 2012, 331-350.
Janotka M, Ostadal P. Biochemical markers for clinical monitoring of tissue perfusion. Mol Cell Biochem.
2021;476(3):1313-1326.

PUBMED | CROSSREF

https://vetsci.org https://doi.org/10.4142/jvs.2021.22.e44 15/15


http://www.ncbi.nlm.nih.gov/pubmed/17160650
https://doi.org/10.1007/s00464-006-0250-x
http://www.ncbi.nlm.nih.gov/pubmed/26989363
https://doi.org/10.1159/000442842
http://www.ncbi.nlm.nih.gov/pubmed/11039560
https://doi.org/10.2460/ajvr.2000.61.1273
http://www.ncbi.nlm.nih.gov/pubmed/31617950
https://doi.org/10.1111/vsu.13328
http://www.ncbi.nlm.nih.gov/pubmed/7881239
https://doi.org/10.1097/00008506-199501000-00008
http://www.ncbi.nlm.nih.gov/pubmed/16517337
https://doi.org/10.1016/j.jclinane.2005.01.013
https://doi.org/10.1111/j.1476-4431.1991.tb00015.x
http://www.ncbi.nlm.nih.gov/pubmed/33387216
https://doi.org/10.1007/s11010-020-04019-8

	Intraoperative fluid therapy for video-assisted ovariohysterectomy in dogs
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Fig. 1

	REFERENCES


