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ABSTRACT

Background: Many variations of ovariohysterectomy techniques have been described, including the traditional one and
minimally invasive procedures. Non-laparoscopic Snook hook technique is an alternative for performing minimally in-
vasive ovariohysterectomy. Few studies have been carried out in order to assess pain in animals submitted to minimally
invasive surgeries, especially involving one of the most performed surgical procedures in veterinary practice. The aim
of this study was to evaluate surgical duration, intraoperative nociception and acute postoperative pain after traditional
ovariohysterectomy or minimally invasive non-laparoscopic technique in dogs using Snook hook. The hypothesis is that
non-laparoscopic minimally invasive ovariohysterectomy would be faster and less painful than the conventional technique.
Material, Methods & Results: Thirty dogs were divided into Traditional Group (TG = 15) and Minimally Invasive Group
(MIG = 15). Heart rate, respiratory rate, systolic blood pressure, body temperature, oxyhemoglobin saturation, end-tidal
carbon dioxide concentration (ETCO?2) and end-tidal isoflurane concentration were evaluated before the surgery begins
(MO), during incision (M1), clamping of the first ovarian pedicle (M2), second ovarian pedicle (M3), uterine cervix (M4),
abdominal suture (M5) and at the end of surgery (M6). The modified Glasgow Pain Scale was used for acute postopera-
tive pain assessment and Visual Analogue Scale (VAS) was used to assess the sensitivity of surgical wound. The level
of significance established for all statistical analysis was 5%. Statistical differences were not observed between groups
considering total surgical time and postoperative acute pain intensity (P > 0.05), in spite of MIG having shorter duration
of surgery. There was no statistical difference between groups considering all intraoperative parameters except respiratory
rate (TG < MIG; P < 0.05) and ETCO2 (MIG < TG; P < 0.05) at the moment of traction of the first ovarian pedicle (M2).
Pain assessment by VAS showed statistical difference 24h after the end of surgery (TG < MIG) (P < 0.05).

Discussion: Both procedures were similar regarding intraoperative nociception and acute postoperative pain. It is possible
that the sensation of pain in both procedures was blocked by the effectiveness of analgesics, once they might cause an
inhibition of painful behaviors limiting a possible difference in pain identification. Higher respiratory stress observed in
MIG at M2 and higher pain score by VAS noted in MIG 24 h after the end of surgery can be justified by greater traction
of ovarian pedicle, due to limited surgical access of minimally invasive technique. Minimally invasive ovariohysterectomy
non-laparoscopic seems to be potentially faster, probably due to the smaller size of the abdominal incision, which takes
less time to be closed. In the present study, both techniques were performed by an experienced surgeon, providing safe
procedures, nevertheless it is important to emphasize that iatrogenic injury can be caused by surgeons non-proficient in the
Snook hook technique, considering the limited visualization of anatomical abdominal structures. Data obtained indicate
that traditional ovariohysterectomy and non-laparoscopic Snook hook technique promote similar intraoperative nocicep-
tion and acute postoperative pain, however minimally invasive procedure is potentially faster with less surgical trauma.
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INTRODUCTION

Ovariohysterectomy (OH) is one of the most
common surgical procedures performed in veterinary
practice. The traditional surgical technique has been
established and involves midline abdominal inci-
sion and removal of both ovaries and uterus. Later,
minimally invasive techniques have been described
[23,26] and their benefits and potential complications
have been widely discussed, especially with regard to
postoperative pain [3,27].

Pain is a common OH postoperative complica-
tion, especially due an excessive manipulation and trac-
tion of tissues, and requires criterious attention [13].
The identification and prevention of pain and prolonged
stress in patients undergoing surgical procedures are
crucial for optimal recovery [15]. Several studies have
demonstrated the advantages of using laparoscopy in
comparison to traditional OH, highlighting reduced
intensity of pain, surgical stress and an early return to
activities [13].

Considering the high cost, long learning
curve and some limitations of laparoscopic OH, the
non-laparoscopic Snook hook technique can be an
excellent alternative for performing minimally invasive
OH. This technique is straightforward and involves
few equipment and a relatively shorter learning curve
compared to laparoscopy, although meticulous training
is mandatory [25].

The aim of this study was to evaluate surgical
duration, intraoperative nociception and acute postop-
erative pain after traditional OH or minimally invasive
non-laparoscopic mini-celiotomy by Snook hook tech-
nique in dogs. We hypothesized that non-laparoscopic
minimally invasive OH would be faster and less painful
than the conventional technique.

MATERIALS AND METHODS

Animals

Prior to selection, informed consent was ob-
tained from all owners in the castration campaign.
Thirty bitches, weighing 8 to 16 kg were used. The ani-
mals were received 24 h before the surgical procedure
and evaluated for health (category ASA 1 - American
Society of Anesthesiologists), through clinical and
hematological examination. Exclusion criteria were
dogs with abnormal laboratory values, cardiac ar-
rhythmias, those in estrus or those with body condition

scores greater than 6 on a 9-point scale. The patients
were housed in individual cages where they received
commercial feed and water ad libitum. Patients were
randomly divided into 2 groups: Traditional Group
(TG = 15), submitted to conventional OH technique
and Minimally Invasive Group (MIG = 15), submitted
to Snook hook OH technique.

Surgical procedure

Patients were admitted to the veterinary teach-
ing hospital at least 24 h prior to surgery for acclimati-
zation. After 8 h fasting from solid food, bitches were
premedicated with morphine [Dimorf® - 5 mg/kg
intramuscular (IM)]. Thirty min later, a 20 G catheter
(Insyte?) was placed in the cephalic vein and anesthesia
was induced with propofol IV [Diprivan® - 5-7 mg/
kg]. Maintenance was achieved with isoflurane [Fo-
rane® diluted in 100% of oxygen]. Lactated Ringer’s
solution (Ringer Lactato’) was administered IV dur-
ing anesthesia at a rate of 10 mL/kg/h, immediately
before the start of the surgery, single dose of fentanyl
[Fentanil® - 0.0025 mg/kg IV] was administered,
diluted in 3 mL of saline solution [Sodium chloride
solution®], for 1 min.

All ovariohysterectomy, traditional or mini-
mally invasive, were performed by the same experi-
enced surgeon. Bitches from TG were submitted to a
conventional OH [12], using a median celiotomy of 5
cm of length retro-umbilical, ovaries and uterine bod-
ies were exteriorized manually, following permanent
hemostasis and removal. For animals from MIG, a
mini-celiotomy of 1 cm of length was used, the sus-
pensory ligament was ruptured, from where ovaries
and uterine horns were identified and isolated with
the aid of Snook hook [10]. In both groups, 3 Halsted
hemostatic forceps were placed for ligation of ovarian
pedicles using nylon suture (2-0) [Ethicon™*]; then, the
body of uterus was exposed, and 3 hemostatic forceps
were applied immediately cranial to the cervix; bilat-
eral ligation of uterine arteries and transfixation of the
body of the uterus with nylon 0 were performed. The
abdominal wall was sutured in a Sultan pattern with
polyglactin 910 0%, and the subcutaneous tissue in a
simple continuous pattern with polyglactin 910 2-0%.
And, finally, the skin was sutured with 3-0 monofila-
ment nylon®, in a simple interrupted pattern.

At the end of surgery, before extubation, 0.2
mg/kg of meloxicam IM [Maxican®] and 25 mg/kg
of dipyrone IM [Novalgina injectable®'’] were admin-
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istered. Curatives with gauze pads and microporous
bandages of identical dimensions were applied to the
surgical wounds to facilitate.

Intraoperative assessment

Heart rate (HR), respiratory rate (f), sys-
tolic blood pressure (SBP) measured by the Doppler,
esophageal body temperature (BT), oxyhemoglobin
saturation (SpO2), end-tidal carbon dioxide concentra-
tion (EtCO2) and end-tidal isoflurane concentration
were measured by multi-parameter monitor (Dixtal™
DX2010'"), 5 min before the start of surgery [before
administration of fentanyl] (moment 0 - MO0), during
incision of linea alba (moment 1 - M 1), during clamp-
ing of first ovarian pedicle (M2), during clamping
of second ovarian pedicle (M3), during clamping of
uterine cervix (M4), during suture of midline abdomi-
nal incision (M5), and at the end of the surgery (M6).
The average duration of surgeries was also recorded,
considering the moment of incision as the beginning
of the surgery, until the last skin suture. The evaluation
process at all times in this study was carried out blindly.

Postoperative assessment

In the postoperative period all animals were
relocated in individual kennels. Evaluations were
performed at 1, 2, 3, 4, 6, 8, and 24 h after the end of
surgery.

For global assessment of pain intensity, the
Glasgow Scale modified [22] was used, which is based
on behavioral signs, and it is mainly used for assess-
ment of acute postoperative pain. Concomitantly, for
assessment of Global Pain Score, a Visual Analogue
Scale (VAS) was applied, with a line from 0 to 100 mm,
where 0 indicates no pain and 100 the worst possible
picture. This same scale was used to assess the surgi-
cal wound by palpation, where 0 indicates no reaction
to palpation and 100 the worst possible reaction. The
assessments were all made by one observer.

The degree of sedation was assessed at the
same predetermined times, also by means of a visual
analogue scale [line 0 to 100 mm, where extreme left
(0) indicates animal completely awake/alert and ex-
treme right (100) unconscious animal].

Rescue analgesia was performed on animals
with a score greater than or equal to 3 points on modi-
fied Glasgow Scale, associated with VAS of sedation
equal to or less than 50 mm. These animals received
analgesia with application of morphine' [0.5 mg/kg,

IM]. After administration of rescue analgesia, evalua-
tions were maintained at predetermined times.

Ateight h postoperatively, tramadol [Tramadol
Hydrochloride' - 4 mg/kg SC] was administered for
patients with no rescue analgesia. At the end of evalu-
ation (24 h postoperatively), meloxicam’ [0.1 mg/kg,
SC] was reapplied in all animals.

Statistical analysis

The variables obtained during operation, such
as ET,, EtCO2, HR, f, SBP, BT and SpO2, were
analyzed through Analysis of Variance (ANOVA) for
2 factors (group and time), and when significant dif-
ferences were found, Tukey’s test was used for mul-
tiple comparisons. Body weight, time of anesthesia
and time of surgery were analyzed using the t test for
independent samples. Data from Glasgow Pain Scale,
VAS of sedation, VAS of global assessment of pain
intensity, VAS of palpation of wound, and age did not
show normal distribution by the Kolmogorov-Smirnov
test and were analyzed by the Mann-Whitney test, and
in observing significant differences, Dunn’s test was
used for multiple comparisons. The results were pre-
sented as medians and 1st and 3rd quartiles. The level
of significance established for all statistical analysis
mentioned above was 5% (P < 0.05).

RESULTS

The assessment between groups regarding
body weight (TG =12.5kg; MIG =11 kg; P =0.194),
age (TG =2.1years; MIG =2.0 years; P=0.667), dura-
tion of anesthesia (TG = 56 min; MIG = 49 min; P =
0.155) and time of surgery (TG = 41 min; MIG = 34
min; P =0.087) did not show any significant difference.

The variables ET ¢, HR, BT, SBP and SpO2
measured peri and intraoperatively were not statisti-
cally different (P > 0.05) between moments and groups.
However, EtCO2 (Table 1) and f (Table 2) showed
statistical difference in M2, being EtCO2 higher in TG
and f higher in MIG.

The results obtained from postoperative acute
pain evaluation measured by Glasgow Scale, VAS
of pain during palpation of surgical wound and VAS
sedation did not present statistical difference between
groups in any of the evaluated moments. However,
VAS score of global pain (Table 3) showed statistical
difference at 24 h after surgery, and MIG had higher
pain score compared to TG.
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Supplementary analgesia in the first 8 postop-
erative h was performed for 6 animals from TG (48%)
and six from MIG (48%), with no difference between
groups. In TG, 4 animals needed only one analgesic
rescue (2 animals in the first h, 1 in the second and 1
in the third postoperative h). Another animal required
3 analgesic rescues (1st, 2nd, and 3rd postoperative h);

and a single animal required 4 analgesic rescues (1st,
4th, 6th, and 8th h postoperatively).

In MIG, 4 animals needed only 1 analgesic res-
cue (2 animals in the first postoperative h and 2 animals
in the second postoperative h); 2 other animals required
2 analgesic rescues (1 in the 1st and 2nd h after surgery,
and the other in the 2nd and 6th h postoperatively).

Table 1. Mean and standard deviation of end-tidal carbon dioxide concentration (ETCO, - mmHg) in transoperative period of bitches
submitted to ovariohysterectomy by traditional technique (TG) or minimally invasive (MIG) for postoperative pain assessment.

ETCO, (mmHg) - Transoperative period

Group
MO Ml M2 M3 M4 M5 M6
TG 43 %5 37+13 36 £ 10* 39+9 42+7 42+6 42+3
MIG 39+7 39+ 14 28+ 16° 3517 48+9 49+5 46 +5
P-valor 0.307 0.494 0.04 0.248 0.166 0.083 0.273

*P < 0.05 indicates a statistically significant difference. Different letters in columns indicate statistical difference between groups.

Table 2. Mean and standard deviation of respiratory rate (f) (movements per minute - mpm) in transoperative period of bitches submitted
to ovariohysterectomy by traditional technique (TG) or minimally invasive (MIG) for postoperative pain assessment.

f- Transoperative period

Group MO M1 M2 M3 M4 M5 M6
TG 16+8 17+ 12 21 +12° 21+ 14 2530 17+6 156
MIG 137 17 +17 3527 30£23 18 £16 12+6 14+6

P-valor 0.605 0.927 0.014 0.091 0.223 0.369 0.809

*P < 0.05 indicates a statistically significant difference. Different letters in columns indicate statistical difference between groups.

Table 3. Medians (1* and 3™ quartiles) of pain scores measured by Visual Analog Scale (VAS) - global score - (0 - 100 points) in postoperative
period of bitches submitted to ovariohysterectomy by traditional technique (TG) or minimally invasive (MIG).

Postoperative period (hours)

Group
1h 2h 3h 4h 6h 8h 24h
G 315 19.5 14 14 35 3 o
(11.5-56.5) (9.0-37.0) (3.5-24.0) (3.5-25.0) (2.0-5.0) (0.0-9.0) (0.0-0.0)
33 18.5 10 6 3.5 2 0,5
MIG
11.0-61.0) (4.0-50.0) (3.0-25.0) (3.0-23.0) (2.0-25.0) (0.0-3.0) (0.0-8.0)
P-value 0.918 0.918 0.816 0.378 0.835 0.600 0.026

*P< 0.05 indicates a statistically significant difference. Different letters in columns indicate statistical difference between groups.

DISCUSSION

An OH represents one of the most performed
veterinary surgical procedures around the world and,
contrary to popular belief, it is potentially risky and
painful [1]. Several different variations of the tech-
nique have been described, however, it is known that
minimally invasive approaches have a number of

advantages, justifying their preference among more
experienced surgeons [23]. Despite of published
comparisons between conventional technique and
minimally invasive laparoscopic OH [8], information
about non-laparoscopic minimally invasive Snook
hook OH (miOH) is lacking, especially with regard
to intraoperative nociception and postoperative pain.
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Surprisingly, our results cannot accept the initial hy-
pothesis that a minimally invasive technique would be
less painful, but it was shown 12.5% to be faster and
clearly less traumatic.

Although statistically significant differences
between 2 techniques were not observed considering
total surgical and anesthetic time, our results showed
17.1% and 12.5% faster for MIG, respectively. Es-
pecially for an experienced surgeon, identifying
and exposing the ovaries and uterus is likely to take
similar time between these 2 techniques, however it
would take longer to incise and suture the surgical
wound when performing the conventional one. Even
though this numeric difference might be considered
statically irrelevant, it is likely to be related to higher
morbidity. A human study reported that the surgical
infection rates can increase 5% and 13% for every 10
and 15 min increase in surgical duration, respectively
[7]. Additionally, the smaller size of the abdominal
incision and area of cavity exposition can potentially
decrease surgical trauma and time, reducing surgical
infection [17,19]. These factors can also be responsible
for shorter anesthetic time and drug consumption [28].

In the present study, miOH performed by an
experienced surgeon (BWM) proved to be safe and
easy to perform, although there may be more morbidity
for surgeons non-proficient in the Snook hook tech-
nique [26], especially due to the fact that abdominal
incision is smaller and, thus, limits the visualization
of anatomical abdominal structures. In this scenario,
surgical manipulation and trauma would be potentially
higher [21]. Additionally, when organ adhesions to the
visceral peritoneum are present, the use of the Snook
hook through the surgical wound can cause iatrogenic
injury [26].

The animals remained in surgical anesthetic
plan throughout the procedure, presenting physi-
ological parameters within the reference limits for the
species. However, at moment of traction of the right
ovary (M2), EtCO2 levels were higher in traditional
OH group (TG) and respiratory rate (f) was higher in
MIG, because although the small incisions, there is
still greater traction in ovarian pedicle for exposure
and complete section, despite little manipulation of
abdominal tissues and organs, which may have deter-
mined greater respiratory stress in MIG.

The ability to expose both ovaries and the
body of the uterus through the same small celiotomy

represents an additional limitation of miOH. It is
unlikely to achieve this objective without consider-
ing over pulling one of these structures, frequently
the right ovary [10]. Ovarian pedicle clamping and
ligation provided stimulation of severe pain. The
manipulation of these receptors triggers nociception
and demonstrates a stimulus-response relationship.
Nociception is the mechanism of how this pain
is felt, modulated and transmitted by the central
nervous system; this mechanism is promoted by a
highly specialized network of nociceptors and sen-
sory neurons [18].

The animals that presented elevated f were
supplemented with greater vaporization of iso-
flurane to maintain the anesthetic plan, since this
volatile agent triggers minimal cardiovascular ef-
fects and maintains cardiac output [24]. EtCO2,
a variable referring to partial pressure of expired
CO2, is one of the parameters that aimed to as-
sess respiratory efficiency during the anesthetic
procedure [20], and has an intimate relationship
with PaCO2, which is insignificantly greater than
previous and clinically irrelevant [29]. Therefore,
under normal ventilation conditions, PaCO2 os-
cillates between 35 and 45 mmHg [14], which
corroborates the results obtained in this research,
since the means found in TG and MIG groups were,
respectively, 36 =+ 10 mmHg and 28 + 16 mmHg,
being within the physiological parameters. Except
as previously discussed, the group MIG showed a
hyperventilation condition that may be related to
M2 pedicle traction pain.

It is known that OH causes moderate pain in
the postoperative period and that its intensity depends
on the duration and extent of the procedure, degree of
tissue manipulation, age and body [6]. In this research,
there was no statistical difference in relation to the
VAS of wound palpation, sedation and pain score
using the Glasgow Scale. Standardized anesthetic
protocol and an experienced surgeon were chosen in
order to mitigate a potential bias on these assessments
[4]. However, it is possible that the sensation of pain
in both procedures was blocked by the effectiveness
of analgesics, once they might cause an inhibition of
painful behaviors limiting a possible difference in pain
identification.

The assessment of global pain score by
VAS resulted in a statistical difference 24 h after
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the end of surgery. At that time, 1 animal from
TG and 7 from the MIG had pain scores, which
were 3 points for the first group mentioned and 1,
2, 3,8, 11, 14, and 26 points for the second. Data
that do not corroborate Jacobsen et al. [16], who
describe that minimally invasive techniques in
horses cause less inflammation and postoperative
pain when compared to corresponding conventional
surgical techniques. Souza et al. [26] compared
conventional, minimally invasive and laparoscopic
OH, and observed no difference in postoperative
recovery of animals. However, the results of pres-
ent study can be justified by greater traction of
ovarian pedicle, due to limited surgical access of
minimally invasive technique, which can result in
a higher level of nociception [10].

In Glasgow Scale, this score is > 6 and in VAS
is 50 mm [9]. In this study, a score > 3 for Glasgow
Scale was used, as it was described that some animals
with scores between 38 and 48% of total presented
clinical signs of discomfort, but did not benefit from
the use of rescue analgesia [2]. This data is important,
as it prevents unnecessary suffering towards patients
(samples) during the execution of research and, ad-
ditionally, prevents inaccurate conclusions from being
promoted by researchers [5].

The main limitation of this study refers to
the lack of analysis of glucose and serum cortisol,
which are useful in magnifying surgical stress and
hospitalization [11]. However, we believe that our
results allow us to adequately embrace the proposed
objectives.

CONCLUSION

Both Ovariohysterectomy (OH) techniques
were found to be similar regarding intraoperative
nociception and acute postoperative pain. Minimally
invasive non-laparoscopic OH is potentially faster with
less surgical trauma.
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