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Simple Summary: Very commonly, local anaesthetic is deposited behind the eye to provide analgesia
in animals that have an eye removed. In humans, this technique has been associated with complica-
tions like seizures and apnoea, while this has been reported only once, so far, in a cat. We present
a case report of acute respiratory arrest during anaesthesia that occurred after local anaesthetic
was administered behind the eye of a 13-year-old Siamese cat under ultrasound guidance. The cat
stopped breathing almost instantly, and its heart rate and blood pressure increased significantly.
The high blood pressure resolved quite quickly, but the cat very quickly developed hypotension
and bradycardia, which were difficult to treat. Spontaneous breathing returned 20 min after the
end of anaesthesia. The cat recovered well, but the contralateral eye did not respond to light and
vision and seemed to be impaired. The spread of the local anaesthetic in the brain of the cat was
suspected, based on the similarities with other reported cases, mainly in humans. The following
day, the symptoms improved but were not completely resolved. One week later, during a follow-up
examination, there were no concerns. The addition of this case report to the literature will help to
raise awareness regarding this rare but potentially life-threatening complication.

Abstract: A 13-year-old neutered, blue-eyed female Siamese cat with a bodyweight of 4.8 kg was
admitted for enucleation of the right eye. An ultrasound guided retrobulbar block with 1 mL of
ropivacaine was performed under general anaesthesia. When the tip of the needle was visualised
inside the intraconal space, negative aspiration of the syringe before injection and no obvious
resistance during injection were confirmed. Instantly, after ropivacaine was administered, the cat
became apnoeic, and its heart rate and the blood pressure increased significantly for a short period
of time. During surgery, the cat needed cardiovascular support to maintain blood pressure and
was under continuous mechanical ventilation. Spontaneous breathing returned 20 min after the
end of anaesthesia. Brainstem anaesthesia was suspected, and after recovery, the contralateral eye
was examined. A reduced menace response, horizontal nystagmus, mydriasis, and absence of the
pupillary light reflex were present. The following day, mydriasis was still present, but the cat was
visual and was discharged. The inadvertent intra-arterial injection of ropivacaine was suspected to
be the cause of the spread into the brainstem. To the current authors’ knowledge, possible brainstem
anaesthesia has only been reported in a cat 5 min after a retrobulbar block but never instantly.

Keywords: brainstem anaesthesia; cat; retrobulbar block; intraarticular injection

1. Case Presentation

A 13-year-old neutered, blue-eyed female Siamese cat with a bodyweight of 4.8 kg
was scheduled for enucleation of the right eye due to panuveitis and secondary glau-
coma. The menace response and dazzle reflex were normal on the left eye. Apart from
being geriatric, the cat had no other comorbidities in her clinical history. Her preoperative
clinical examination was normal without any nystagmus noticed or reported during her
ophthalmological examination, and her biochemistry and haematological results were
unremarkable. The cat’s current medications included meloxicam and chloramphenicol
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ointment. For preanaesthetic medication, a combination of methadone (0.2 mg/kg) (Metha-
dyne, Jurox, Leatherhead, UK), midazolam (0.3 mg/kg) (Hameln pharma Ltd., Gloucester,
UK), and alfaxalone (1.5 mg/kg) (Alfaxan/Multidose, Jurox, Dublin, Ireland) was mixed in
the same syringe and administered intramuscularly (IM). Anaesthesia was induced with a
total of 1.8 mg/kg of alfaxalone administered through a right cephalic intravenous cannula.
Intravenous fluid therapy was administered during anaesthesia at a rate of 3 mL/kg/h
(Hartmann’s solution; Aquapharm No. 11; Animalcare LTD; York, UK). Anaesthesia was
maintained with sevoflurane (Sevohale, Chanelle, Galway, Ireland) in 100% oxygen admin-
istered through a Mapleson-D breathing system. Throughout anaesthesia, heart rate and
rhythm with electrocardiography, haemoglobin oxygen saturation (SpO2), oscillometric
blood pressure, oesophageal temperature, capnography, and spirometry were continuously
monitored and recorded every 5 min using a multiparameter monitor (Datex-Ohmeda, GE,
Helsinki, Finland). A retrobulbar block (RBB) was used as part of a multimodal analgesic
plan. Following aseptic preparation of the periocular area and the area dorsal to the zy-
gomatic process, an ultrasound (US)-guided RBB was performed using a 14 MHz linear
transducer connected to a portable ultrasound device (Mindray bio-medical electronics
Ltd., Shenzhen, China). Sterile ocular gel was applied to the globe, and the US transducer
was placed over the cornea with the marker positioned laterally. The orientation was
initially perpendicular to the transverse plane and parallel to the dorsal plane of the globe,
and then it was oriented with an angle of 30◦ approximately relative to the dorsal plane
in order to position the US marker towards the junction between the zygomatic arch and
the orbital ligament laterally. The depth and focus of the US were adjusted to achieve a
good view of the retrobulbar space, the cone, and the optic nerve. The retrobulbar com-
partment was identified as a conic shape formed by the extraocular muscles positioned
caudally to the eyeball. A 22 gauge, 50-mm ultrasound needle with extension tubing (USB
50 EVOLUTION, Temena GmbH) was introduced using a supra-temporal approach [1].
The needle was inserted perpendicularly to the skin and oriented latero-medially behind
the orbital ligament, dorsally to the zygomatic process of the temporal bone and ventral
to the frontal bone, through the temporal muscle. When the tip and part of the needle
were identified ultrasonographically using an oblique in-plane approach, the needle was
advanced latero-medially to reach the intraconal space by crossing the extraocular muscles.
In this case, the needle was visualised to go through the cone and appear in the medial
aspect of it; therefore, it was slightly retracted until it was inside the cone again. At this
level, negative pressure was applied to the syringe to exclude blood vessel penetration,
and 1 mL of ropivacaine 0.75% (Naropin, Apen Pharma Trading Limited 0.75%, Dublin,
Ireland) was injected without obvious resistance. The maximum recommended dose of
ropivacaine of 2 mg/kg was calculated to be 1.28 mL [2].

Immediately after the injection and before the needle had been removed, the cat
became apnoeic. After a minute of apnoea, manual ventilation was initiated. At the same
time, there was an immediate rise in the cat’s heart rate (HR) from 102 to 140 bpm with a
sinus rhythm. Unfortunately, there is no record of the concurrent blood pressure (BP), but
we recall that it increased in parallel with the heart rate. Twenty minutes later, the cat was
transferred to the operating theatre, and continuous mechanical ventilation (CMV) on a
volume control mode was initiated using a veterinary ventilator (Merlin, Vetronic Services
LTD, Devon, UK). During this time, no parameters were recorded on the monitoring sheet
as the anaesthetist was involved in providing manual ventilation, but when the cat was
moved to theatre, the blood pressure could not be measured with oscillometry or the flow
Doppler technique. By that time, it was suspected that the administration of the local
anaesthetic (LA) in the retrobulbar space could have been responsible for the occurrence of
apnoea and the instability of the HR and BP. When the surgery started, the mean BP (MBP)
was 50 mmHg, and the HR was 75 bpm. A dose of 0.01 mg/kg of glycopyronium (Accord
Healthcare Limited, Durham, UK) was administered intravenously (IV) and was repeated
after 5 min as there was no effect. Due to the lack of response to the anticholinergic, a dose
of 0.1 mg/kg of ephedrine (MaCarthys Laboratories, Martindale Pharma, Brentwood,
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UK) was administered IV, and this was repeated again after 10 min, after which the MBP
increased to 80 mmHg but only temporarily. The HR remained at levels >100 bpm after
the above interventions, while the MBP increased again only after a dopamine (Martindale
Pharma, UK) IV infusion at a dose of 5 µg/kg/min was initiated. During the whole
anaesthetic, the SpO2 and the EtCO2 were maintained within the acceptable limits, while
the oesophageal temperature was 34–36 ◦C. Anaesthesia ended at 75 min after induction,
and the cat remained apnoeic. Twenty minutes following inhalant discontinuation, the cat
was still apnoeic, and a decision was made to reverse the midazolam with 0.01 mg/kg of
flumazenil IV (Hamlen Pharma gmbh, Gloucester, UK). The cat responded immediately
and started breathing spontaneously following the administration of flumazenil. Dopamine
was discontinued after extubation, as the cat was able to maintain MBP > 80 mmHg. During
surgery, the cat lost approximately 29 mL of blood, which was 10% of her estimated total
blood volume (4.8 kg × 60 mL/kg = 288 mL). On recovery, the cat remained on Hartman’s
solution at a rate of 3 mL/kg/h until the volume lost was replaced. After the cat had fully
recovered, an ophthalmological examination of the left eye revealed a reduced menace
response, horizontal nystagmus, mydriasis, and absence of the pupillary light reflex (PLR).
The rest of the clinical examination was normal. She was responsive to stimulation and had
a good appetite. The Glasgow Feline Composite Measure Pain Scale scores were between
0 and 2 postoperatively. The following day, she had a normal menace response, subtle
horizontal nystagmus, mydriasis, and the PLR was present. The cat returned home on
the day after surgery. One week later, at the follow-up examination, the left eye had a
normal menace response, no nystagmus, a slightly larger than normal resting pupil size
but was less mydriatic than postoperatively and within the normal limits for a blue-eyed
Siamese cat, and with the PLR present. The owner reported no concerns, and the patient
was discharged.

2. Discussion

Regional anaesthesia of the eye is commonly applied in veterinary patients to provide
analgesia during painful procedures, such as enucleation, or for akinesia of the extraocular
muscles, which results in the globe maintaining a central position [3]. Additionally, it
reduces the incidence of the oculocardiac reflex during enucleation surgery by blocking the
ophthalmic branch of the trigeminal nerve and the ciliary ganglion, as has been described
in horses [4]. The RBB and peribulbar blocks (PBB) are two different types of regional
anaesthesia techniques in which the LA is either deposited in the retrobulbar or in the
peribulbar space, respectively, with the final aim being for the LA to reach the intraconal
space. The intraconal space is within the retrobulbar cone, and in the dog, the latter is
formed by the ocular extrinsic muscles: the dorsal, ventral, lateral, and medial rectus
muscles, the retractor bulbi with its four fascicles, and more superficially and medially, the
dorsal oblique muscle [5]. There is no fascia surrounding the muscles that form the cone.
Within the retrobulbar cone are the ophthalmic nerve, the ciliary nerves, the optic nerve, the
oculomotor nerve, and the abducens nerves. Additionally, the internal ophthalmic artery
and the ciliary arteries run in the same space [5].

Different techniques have been described for both blocks [2]. In dogs, among other
blind approaches to the RBB, the inferior-temporal-palpebral [6] and the supra-temporal [1]
approaches have been described in cadavers. In one study with sedated dogs, the peribulbar
technique was shown to be more reliable for producing anaesthesia than the RBB when
using a bent needle inserted through the inferior eyelid [7]. However, both methods
produced adverse effects such as exophthalmos, chemosis, and anterior uveitis, which had
resolved 14 h later [7].

In cats, Shilo-Benzamini et al. [8] described a superior-nasal approach for the retrobul-
bar block through the upper eyelid at the dorsomedial orbit using a curved needle. This
was found to have a 70% success rate in cadavers, but this was only 50% when tested in
sedated cats [9].
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Ultrasound-guided ophthalmic regional anaesthesia has been used recently in hu-
man ophthalmology, as it has the advantage of allowing visualisation of the retrobulbar
structures and the needle at the same time as well as confirmation that the LA has been
administered in the correct space. According to our knowledge, thus far, only extraconal
deposition of the LA has been described in dog cadavers with US guidance [10]. An
US-guided PBB was shown to be as effective as a blind technique in anaesthetised dogs,
although the dogs receiving the blind technique had a higher incidence of increased in-
traocular pressure (IOP) due to the possible wrong positioning of the needle, as the authors
hypothesised [11].

In cats, an US-guided RBB with a trans-palpebral approach, as mentioned above, was
effective in only 50% of the animals [9], possibly due to “the difficulty in identifying the
curved needle tip”, as commented by the author in a review article on regional ophthalmic
anaesthesia [2]. More recently, the authors of a case report on a cat with microphthalmia
described the use of an US-guided RBB using a modified technique similar to the supra-
temporal approach, but in this case, the needle was introduced into the retrobulbar space
from the subzygomatic area [12].

Advocates of the PBB highlight the reduced risk of complications, such as the dis-
tribution of the LA in the central nervous system (CNS), retrobulbar haemorrhage, and
globe penetration, compared to the RBB, as the needle is inserted further away from these
structures [11]. Indeed, the reported incidences of CNS complications in humans after
a RBB are 0.09%, 0.27%, and 0.9% [13–15], whereas a much lower incidence of 0.007%
has been reported with the PBB; however, the authors concluded that this incidence is
probably underestimated [16]. In veterinary patients, the incidence of complications is
unknown. Only one case has been reported in a cat with suspected brainstem anaesthesia
that occurred 5 min following the injection of LA into the retrobulbar space using a blind
technique [17].

The technique routinely performed at our hospital is the US-guided RBB using a supra-
temporal approach with intraconal deposition of the LA. This preference is due to the
perceived greater success rates when an US-guided technique with an in-plane approach is
used and the correct deposition of the LA can be visualised. Additionally, a smaller volume
of LA is necessary, as it is injected inside the cone.

Humans receive regional ophthalmic blocks while awake, and the side effects vary
from contralateral pupil dilation to amaurosis, convulsions, grand-mal seizures, hyperten-
sion/hypotension, tachycardia/bradycardia, and cardiopulmonary arrest [18]. In veteri-
nary medicine, the side effects reported in one cat following RBB were apnoea, increased
HR and systolic blood pressure initially, and a reduction in blood pressure below normal
values during surgery [17]. A delay in recovery was also noticed, and after extubation, the
cat presented with nystagmus, absence of the menace response, mydriasis, a lack of dazzle,
and a negative PLR in the contralateral eye. There are three main potential mechanisms
whereby a RBB or PBB may lead to CNS complications. First, these can occur due to
penetration of the sheath of the optic nerve and the entry of LA into the subarachnoid space
of the brainstem [14]. If this occurs, symptoms appear 5 to 10 min after injection, depending
on the onset of action of the LA. The second mechanism is through the inadvertent injection
of the LA into the internal ophthalmic artery. The pressure of the injectate forces the LA to
flow back into the internal carotid artery and into the brain. In such cases, clinical signs
appear rapidly [19]. Thirdly, complications can occur due to the systemic absorption of the
LA [18].

In the case presented here, tachycardia, hypertension, and apnoea appeared instantly
before the removal of the needle, and the cat remained mechanically ventilated until
recovery. No obvious resistance was noticed during the injection, and the needle did
not seem to have penetrated the optic nerve on the US image. Given the rapid onset of
the clinical signs, CNS spread of the local anaesthetic exclusively through penetration of
the sheath of the optic nerve is less likely. Unfortunately, there are no saved images to
corroborate this, as it is not common practice to save images for every patient, especially
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in routine cases. Similar to our case and to the other case report from a cat, the first
manifestations of CNS spread in humans are often hypertension and tachycardia. This can
be explained as a parasympathetic blockade through a combined vagal and carotid sinus
reflex block [20]. Although the immediate onset of symptoms in our case is in favour of
inadvertent intra-articular injection, no blood appeared during the application of negative
pressure to the syringe. Additionally, one would expect the duration of the symptoms to
be transient due to the rapid redistribution of blood out of the brain, but this was only
the case for hypertension and tachycardia. However, the cat remained apnoeic during
the whole anaesthetic procedure and for 20 min after the end of anaesthesia. In dogs, the
internal ophthalmic artery runs on the dorsal surface of the optic nerve [4]. To the best of
our knowledge, there is no published description of the ophthalmic vasculature in cats
that mentions the exact pathway of the internal ophthalmic artery. In humans, because
of an anatomical variation in the inferior ophthalmic artery in 15% of the population,
there is a higher risk of inadvertent intra-arterial injection [18]. The use of colour-flow
Doppler could have helped us to identify the artery and avoid a possible intra-arterial
injection of the LA, but this was omitted before the administration of ropivacaine. The
rapid systemic absorption through the local capillaries could also explain this clinical
presentation. However, the total dose administered (1 mL) was less than the maximum
recommended dose in cats [2,21]. The possibility that some of the LA was injected intra-
arterially and some reached the subarachnoid space through penetration of the sheath
could explain the quick onset of symptoms in combination with the increased duration of
apnoea. In a similar case report in a human, an intra-arterial injection was suspected due
to the instant occurrence of CNS toxicity. The same patient remained apnoeic for 40 min
after seizures had resolved. The authors speculated that systemic absorption from the local
capillaries or the spread of the LA in the subdural space along with the optic nerve could
explain the sustained respiratory arrest [18].

Following recovery from anaesthesia, the cat in the present case report had symptoms
in the contralateral eye that could potentially be explained by brainstem exposure to the
LA [14]. Although nystagmus may be present during recovery from anaesthesia and
opioids cause mydriasis in cats, the above symptoms were still present the following
morning, although to a lesser degree. In contrast with humans, where convulsions or
seizures are common, the cat in this report did not show any twitches, probably because
general anaesthesia was masking this response.

It is not clear why, upon administration of flumazenil, the cat started breathing spon-
taneously immediately, as midazolam causes minimal respiratory depression, and it did
not compromise ventilation after administration in our case. However, when diazepam is
administered with buprenorphine in rats, respiratory depression has been reported to be
greater [22]. Potentially, the impact of benzodiazepines on central ventilatory control after
CNS dysfunction, as occurred in our case, is more pronounced compared with in a normal
CNS. Additionally, the use of flumazenil has been reported to reduce the recovery time
from anaesthesia in humans when no benzodiazepines have been administered [23,24]. It
is unknown as to whether it was the pharmacological action of flumazenil or the time that
had elapsed since the retrobulbar block that caused the return to spontaneous breathing.

Lipid emulsion therapy has been proven to be effective for treating local-anaesthetic-
induced systemic toxicity [25], including a case of local-anaesthetic-induced seizures after
a peribulbar block in humans [26]. When brainstem anaesthesia was suspected in our
case, the administration of a lipid emulsion could have potentially helped to resolve the
cardiovascular and respiratory complications.

3. Conclusions

We have presented a case report of a potential exposure of the CNS to ropivacaine
after an US-guided RBB in a cat that showed sustained apnoea, cardiovascular instability,
as well as nystagmus, mydriasis, and an absent PLR postoperatively in the contralateral
eye. The early onset of symptoms, prior to needle withdrawal, indicates that an inadvertent
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intra-arterial injection of the LA was the possible cause, although we cannot exclude
subarachnoid injection or a combination of the two. Although an US-guided technique
was used and negative pressure was applied before the injection, this complication could
not be avoided, and we highlight the importance of using colour-flow Doppler for better
visualisation of the vasculature. Any medications that can be reversed could be beneficial
for similar cases.

Author Contributions: Conceptualisation, A.P. and E.R.; writing—original draft preparation, A.P.;
writing—review and editing, E.R.; supervision, E.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The presented case is not a prospective study and for that
reason does not require ethical approval. The owner of the animal in the presented case gave consent
to anonymously share the details of the case for publication purposes. Please see a blank consent
form attached to the nonpublished materials section.

Informed Consent Statement: Informed consent was obtained from the owner of the animal involved
in the case report.

Data Availability Statement: The presented case report is not a study, and no data were collected.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chiavaccini, L.; Micieli, F.; Meomartino, L.; Duffee, L.R.; Vesce, G. A novel supra-temporal approach to retrobulbar anaesthesia in

dogs: Preliminary study in cadavers. Vet. J. 2017, 223, 68–70. [CrossRef]
2. Shilo-Benjamini, Y. A review of ophthalmic local and regional anesthesia in dogs and cats. Vet. Anaesth. Analg. 2019, 46, 14–27.

[CrossRef]
3. Ahn, J.; Jeong, M.; Park, Y.; Lee, Y.; Lee, E.; Kim, S.; Lee, I.; Seo, K. A sub-Tenon’s capsule injection of lidocaine induces extraocular

muscle akinesia and mydriasis in dogs. Vet. J. 2012, 196, 103–108. [CrossRef]
4. Oel, C.; Gerhards, H.; Gehlen, H. Effect of retrobulbar nerve block on heart rate variability during enucleation in horses under

general anesthesia. Vet. Ophthalmol. 2013, 17, 170–174. [CrossRef]
5. Murphy, C.J.; Samuelson, D.A.; Pollock, R. The eye. In Miller’s Anatomy of the Dog, 4th ed.; Evans, H., de Lahunta, A., Eds.;

Elsevier: St. Louis, MI, USA, 2013; pp. 746–785.
6. Accola, P.J.; Bentley, E.; Smith, L.J.; Forrest, L.J.; Baumel, C.A.; Murphy, C.J. Development of a retrobulbar injection technique for

ocular surgery and analgesia in dogs. J. Am. Vet. Med. Assoc. 2006, 229, 220–225. [CrossRef]
7. Shilo-Benjamini, Y.; Pascoe, P.J.; Maggs, D.J.; Hollingsworth, S.R.; Strom, A.R.; Good, K.L.; Thomasy, S.M.; Kass, P.H.; Wisner,

E.R. Retrobulbar vs peribulbar regional anesthesia techniques using bupivacaine in dogs. Vet. Ophthalmol. 2018, 22, 183–191.
[CrossRef] [PubMed]

8. Shilo-Benjamini, Y.; Pascoe, P.J.; Maggs, D.J.; Kass, P.H.; Wisner, E.R. Retrobulbar and peribulbar regional techniques in cats:
A preliminary study in cadavers. Vet. Anaesth. Analg. 2013, 40, 623–631. [CrossRef]

9. Shilo-Benjamini, Y.; Pascoe, P.J.; Maggs, D.J.; Pypendop, B.H.; Johnson, E.G.; Kass, P.H.; Wisner, E.R. Comparison of peribulbar
and retrobulbar regional anesthesia with bupivacaine in cats. Am. J. Vet. Res. 2014, 75, 1029–1039. [CrossRef] [PubMed]

10. Viscasillas, J.; Everson, R.; Mapletoft, E.K.; Dawson, C. Ultrasound-guided posterior extraconal block in the dog: Anatomical
study in cadavers. Vet. Anaesth. Analg. 2019, 46, 246–250. [CrossRef] [PubMed]

11. Wagatsuma, J.T.; Deschk, M.; Floriano, B.P.; Ferreira, J.Z.; Fioravanti, H.; Gasparello, I.F.; Oliva, V.N.L.S. Comparison of anesthetic
efficacy and adverse effects associated with peribulbar injection of ropivacaine performed with and without ultrasound guidance
in dogs. Am. J. Vet. Res. 2014, 75, 1040–1048. [CrossRef] [PubMed]

12. Hernández, E.; Redondo, J.I.; Gutiérrez-Bautista, A.; Viscasillas, J. A modified retrobulbar block for microphthalmia using
ultrasound guidance in a cat. Vet. Anaesth. Analg. 2020, 47, 846–847. [CrossRef] [PubMed]

13. Wittpenn, J.R.; Rapoza, P.; Sternberg, P., Jr.; Kuwashima, L.; Saklad, J.; Patz, A. Respiratory arrest following retrobulbar anaesthesia.
Ophtalmology 1986, 93, 867–870. [CrossRef] [PubMed]

14. Nicoll, J.M.V.; Acharya, P.A.; Ahlen, K.; Baguneid, S.; Edge, K.R. Central nervous system complications after 6000 retrobulbar
blocks. Anesth. Analg. 1987, 66, 1298–1302. [CrossRef] [PubMed]

15. Eke, T.; Thompson, J.R. The national survey of local anaesthesia for ocular surgery. II. Safety profiles of local anaesthesia
techniques. Eye 1999, 13, 196–204. [CrossRef]

16. Eke, T.; Thompson, J.R. Serious complications of local anaesthesia for cataract surgery: A 1 year national survey in the United
Kingdom. Br. J. Ophthalmol. 2006, 91, 470–475. [CrossRef]

http://doi.org/10.1016/j.tvjl.2017.04.013
http://doi.org/10.1016/j.vaa.2018.10.004
http://doi.org/10.1016/j.tvjl.2012.08.012
http://doi.org/10.1111/vop.12061
http://doi.org/10.2460/javma.229.2.220
http://doi.org/10.1111/vop.12579
http://www.ncbi.nlm.nih.gov/pubmed/29762893
http://doi.org/10.1111/vaa.12060
http://doi.org/10.2460/ajvr.75.12.1029
http://www.ncbi.nlm.nih.gov/pubmed/25419802
http://doi.org/10.1016/j.vaa.2018.09.045
http://www.ncbi.nlm.nih.gov/pubmed/30713055
http://doi.org/10.2460/ajvr.75.12.1040
http://www.ncbi.nlm.nih.gov/pubmed/25419803
http://doi.org/10.1016/j.vaa.2020.05.011
http://www.ncbi.nlm.nih.gov/pubmed/33071058
http://doi.org/10.1016/S0161-6420(86)33649-2
http://www.ncbi.nlm.nih.gov/pubmed/3763129
http://doi.org/10.1213/00000539-198712000-00017
http://www.ncbi.nlm.nih.gov/pubmed/3688501
http://doi.org/10.1038/eye.1999.50
http://doi.org/10.1136/bjo.2006.106005


Animals 2023, 13, 781 7 of 7

17. Oliver, J.; Bradbrook, C. Suspected brainstem anesthesia following retrobulbar block in a cat. Vet. Ophthalmol. 2012, 16, 225–228.
[CrossRef]

18. Tsolaki, A.C.; Tegos, T.; Chalkias, I.N.; Chalkias, E.; Ageladarakis, P.; Papathomas, T. Neuro-Ophthalmological Emergencies. Are
They Always Innocent? a Case Report and a Literature Review. J. Neurol. Res. Rev. Rep. 2021, 143, 2–9. [CrossRef]

19. Aldrete, J.A.; Romo-Salas, F.; Arora, S.; Wilson, R.; Rutherford, R. Reverse Arterial Blood Flow as a Pathway for Central Nervous
System Toxic Responses Following Injection of Local Anesthetics. Anesth. Analg. 1978, 57, 428–433. [CrossRef]

20. Hamilton, R.C. Brain stem anesthesia following retrobulbar blockade. Anesthesiology 1985, 63, 688–689. [CrossRef]
21. Grubb, T.; Lobprise, H. Local and regional anaesthesia in dogs and cats: Overview of concepts and drugs (Part 1). Vet. Med. Sci.

2020, 6, 209–217. [CrossRef]
22. Vodovar, D.; Chevillard, L.; Caillé, F.; Risède, P.; Pottier, G.; Auvity, S.; Mégarbane, B.; Tournier, N. Mechanisms of respiratory

depression induced by the combination of buprenorphine and diazepam in rats. Br. J. Anaesth. 2021, 128, 584–595. [CrossRef]
23. Kim, Y.J.; Lee, H.; Kim, C.H.; Lee, G.Y.; Baik, H.J.; Han, J.I. Effect of flumazenil on recovery from anesthesia and the bispectral

index after sevoflurane/fentanyl general anesthesia in unpremedicated patients. Korean J. Anesthesiol. 2012, 62, 19–23. [CrossRef]
[PubMed]

24. Safavynia, M.S.A.; Keating, G.; Speigel, I.; Fidler, B.J.A.; Kreuzer, M.; Rye, M.D.B.; Jenkins, A.; García, M.P.S. Effects of γ-
Aminobutyric Acid Type A Receptor Modulation by Flumazenil on Emergence from General Anesthesia. Anesthesiology 2016, 125,
147–158. [CrossRef]

25. Ok, S.-H.; Hong, J.-M.; Lee, S.H.; Sohn, J.-T. Lipid Emulsion for Treating Local Anesthetic Systemic Toxicity. Int. J. Med. Sci. 2018,
15, 713–722. [CrossRef] [PubMed]

26. Pujari, V.S.; Bhandary, A.S.; Bevinaguddaiah, Y.; Shivanna, S. Successful lipid rescue of local anesthetic systemic toxicity following
peribulbar block. Med. J. DY Patil Univ. 2015, 8, 807. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/j.1463-5224.2012.01053.x
http://doi.org/10.47363/JNRRR/2021(3)143
http://doi.org/10.1213/00000539-197807000-00011
http://doi.org/10.1097/00000542-198512000-00022
http://doi.org/10.1002/vms3.219
http://doi.org/10.1016/j.bja.2021.10.029
http://doi.org/10.4097/kjae.2012.62.1.19
http://www.ncbi.nlm.nih.gov/pubmed/22323949
http://doi.org/10.1097/ALN.0000000000001134
http://doi.org/10.7150/ijms.22643
http://www.ncbi.nlm.nih.gov/pubmed/29910676
http://doi.org/10.4103/0975-2870.169942

	Case Presentation 
	Discussion 
	Conclusions 
	References

