Absent bilateral pupillary light reflexes in a cat after bupivacaine injections through epidural catheter for management of hindlimb trauma.
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HISTORY

A 9-year-old 4.4kg neutered male domestic short hair cat was referred to the Queen Mother Hospital at the Royal Veterinary College of London after a road traffic accident (Day 1). On presentation, the cat was mildly obtunded but responsive. Temperature was 34.5°C and active warming was started. Heart rate was regular (180 bpm), with absence of murmur or arrhythmia and mucous membranes were pale-pink and dry, with a capillary refill time of 1.5 seconds. Lung auscultation was normal (32 rpm) without respiratory effort. Anal tone, palpebral reflexes and menace reflexes were present, and pupillary light reflexes were slow, but present as well. A 22-gauge intravenous cathetera was placed in the left cephalic vein, and methadone 0.2 mg/kg intravenously (IV) was given. After a crystalloidb fluid bolus (5 ml/kg), Dopplerc pressure was 90 mmHg on the front limb using a blood pressure cuff size 2. Venous blood gas showed acidemia (pH 7.267; reference range 7.350-7.470), hypokalemia (3.1 mmol/L; reference range 3.6-4.6), hypercalcemia (1.64 mmol/L; reference range 1.13-1.33 mmol/L) and hyperglycemia (8.6 mmol/L; reference range 4.7-7.3 mmol/L). The rest of parameters were within normal limits. Intravenous fluidotherapy with compound sodium lactateb supplemented with 30mEq of potassium at 3 mL/kg/h was started. 

A Point of Care Ultrasoundd revealed one perihilar B-line on the left hemithorax and an area of consolidation on the right hemithorax. No free fluid was detected. Left atrium to aorta ratio (LA:Ao) was within normal limits. The abdomen scan showed an emptied bladder and no free fluid. 

Several hours later, the cat was sedated with ketamine 2 mg/kg and midazolam 0.25 mg/kg IV to clip, clean and dress the wound on the metatarsal area. Physical examination revealed multiple fractures in the hindlimb.  

An abdominal scand was repeated, showing a small bladder, but no free fluid. Antibiotic therapy (amoxicillin and clavulanic 20mg/kg, IV) was started and the analgesia provided consisted on methadone 0.2 mg/kg IV every 4 hours.  
The cat remained in ICU overnight. Vital parameters were evaluated every 4 hours. Blood pressure and temperature improved overnight, and the rest of the physical parameters remained within normal limits. 

On the morning of the following day (Day 2), radiographs were taken under general anaesthesia. The cat was premedicated with methadone 0.2 mg/kg IV and anaesthesia was induced with alfaxalone 2 mg/kg IV. Radiographs showed a left comminuted mid-diaphyseal tibial fracture, a right distal diaphyseal tibial fracture, luxation of the left femoral head, a right proximal intertarsal dorsal luxation and left malleolar fracture. At the end of the imaging procedure, a single sacro-coccigeal epidural injection with morphine preservative free 0.1 mg/kg and bupivacaine 0.5% 1mg/kg was performed. Surgery was scheduled for the following day to repair the left tibial fracture and the hip luxation. The cat remained in ICU, stable and comfortable. No rescue analgesia was needed until midnight, when the effect of the epidural bupivacaine worn-off. Methadone 0.1 mg/kg IV was given at midnight and repeated 4 hours later. 

The day of the procedure (Day 3, Table 1), the cat was not premedicated and anaesthesia was induced with alfaxalone 2mg/kg IV. The trachea was intubated with a 4-mm-internal diameter endotracheal tube and anaesthesia was maintained with isoflurane in oxygen. A single lumbosacral epidural injection with bupivacaine 0.5% 1mg/kg was performed before moving into theatre. No rescue analgesia was needed for the first part of the surgery (tibial fracture repair), but four hours after the epidural was performed infusions of fentanyl (0.006-0.012 mg/kg/h and ketamine (0.6 mg/kg/h) had to be added for the hip luxation repair. 

Once the procedure finished, and before recovering the cat, an epidural cathetere was placed ultrasound- and radiographically guided between the second and third coccygeal space, following the technique described by Machin et al, 20181. The catheter was filled with contrast mediaf before its placement into the epidural space. Radiographs showed the tip of the catheter was advanced to L6 -L7. Injection 0.2 mL of contrast agentf demonstrated that the catheter was in the epidural space. 
The analgesia plan consisted on bupivacaine 0.5% 1 mg/kg (0.8mL) every 6 hours. Pain was scored using the Colorado State University Veterinary Medical Center (CSUVMC) Feline Acute Pain Scale – Royal Veterinary College (RVC) modified (appendix 1). Rescue analgesia would be added if the score were ≥ 4/12 and would consist on buprenorphine 0.01 mg/kg IV. The cat received 3 administrations of bupivacaine via epidural cathetere until the following day and no rescue analgesia was needed. Overnight, pupillary mydriasis was noticed and recorded, but otherwise the cat remained stable and comfortable. Pupillary light reflex was not assessed at this point.

On the following day (Day 4), the cat seemed more depressed and quieter compared to previous days, showing no interest in food. Pupils remained mydriatic. As pain score was 4-5/12, analgesia plan was reassessed, and the interval between epidural bupivacaine doses was adjusted to every 5 hours during the day and every 4 hours overnight. A dose of buprenorphine 0.01 mg/kg IV was given in the evening. Catheter position was also checked with radiographs, confirming no catheter displacement, and that the left femoral head was luxated again. During the night, the cat was vocal on palpation, but settled, and pain scored 4/12. As rescue analgesia, one dose of methadone 0.1 mg/kg IV was given instead of buprenorphine because surgery was scheduled for next day. (Table 1)

During the second procedure (Day 5), right tibial fracture was repaired, hip luxation was revised, and an oesophageal tubeh was placed. Premedication consisted on methadone 0.2 mg/kg IV. Methadone administration was repeated 5 hours later (0.1 mg/kg) during the procedure. Anaesthesia was induced with alfaxalone 10 mg IV total dose and maintained with sevoflurane in oxygen. Bupivacaine 0.5% (1mg/kg) was given through the epidural catheter before the surgery started and it was repeated every 4 hours (Table 1). 

Shortly after induction, Doppler pressure, measured on the right front leg with a size 2 blood pressure cuff, dropped to 45 mmHg. A dose of ephedrine (0.05 mg/kg IV) was given, and blood pressure increased to 65-70 mmHg for around 30 minutes. A dopamine infusion was then started. Blood pressures improved and remained around 100 mmHg for the rest of the procedure. Once the surgery finished, dopamine infusion was stopped, and the cat was moved to the radiology room. In that period of time, the cat remained normotensive without dopamine infusion. The total anaesthesia time was 445 minutes. 
Overnight, in wards, Doppler pressure was measured every 2 hours with a blood pressure size 2 placed on the right front leg. Pressure measurements remained around 75-90 mmHg, despite two crystalloidb fluid boluses (5 mL/kg each). As the cat seemed very depressed and quiet, it was transferred to the Intensive Care Unit for a closer monitoring. 

In ICU (Day 6), a thoracic point of care ultrasound was performed and left atrium to aorta ratio was calculated. As measurements confirmed the suspected hypovolemia, another two boluses of crystalloids (5mL/kg) were given. Although Doppler pressure improved up to 110mmHg, the cat was still depressed. Hematologic and biochemical analyses were then performed. Hematology showed a normocytic normochromic non-regenerative anemia (Hematocrit 18%; reference range, 24-25%; Reticulocytes: 4.8%), with normal white blood cell count (17.35 x 103 WBCs/µL; reference range, 5.5-19,5 x 103 WBCs/µL), mild neutrophilia (16.48 x 103 neutrophils/µL; reference range 2.5–12.5 x 103 neutrophils/µL) and lymphopenia (0.52 x 103 lymphocytes/µL; reference range 1.5–7 x 103 lymphocytes/µL;). Biochemistry showed hypoproteinemia (48.1 g/L; reference range 60-80 g/L), with hypoalbuminemia (15.4 g/L; reference range 25-45 g/L), hyperbilirubinemia (13.6 umol/L; reference range 0.1-5.1 umol/L), an increase in ALT enzyme (121.1 U/L; reference range 5-60 U/L) and an increase in creatine kinase (17363 U/L; reference range 57-574 U/L). These results were thought to be due to tissue inflammation, secondary to the trauma and the surgeries. Because of the hypoalbuminemia and anorexia, feeding through oesophageal tube was started.   

During this period of time, pupils persisted mydriatic and absence of bilateral pupillary light reflex was noticed (Figure 1). The cat did not received any opioid for 8h. An ophthalmology exam performed by a board-certified ophthalmologist (EBVS) localised the lesion to the oculomotor nerve. 

QUESTION

What is the possible cause of marked bilateral mydriasis and absent pupillary reflex?

ANSWER
The cat received 1 mg/kg of bupivacaine 0.5% every 4-6 hours over 2 consecutive days (Day 4 and 5), plus several doses the previous days (Table 1). Therefore, an accumulation of bupivacaine and consequent local anaesthetic systemic toxicity (LAST) was suspected. Bupivacaine concentration was the reduced to 0.25% - 0.5 mg/kg (1 dose) and 0.125% - 0.25 mg/kg (6 doses)
To confirm this, blood samples were taken on Day 7 (2h after injecting 0.125% bupivacaine - 0.25 mg/kg) to measure plasma bupivacaine concentration (see appendix 2 for method) at a commercial laboratoryh. Plasma bupivacaine concentration was 5.9 μg/mL (Day 7). The plasma concentration was measured again at Day 11 (80 h after last bupivacaine injection) and was 0.032 μg/mL.

One study2 in cats measured bupivacaine maximal plasma concentration after retrobulbar (3.75mg/ 4.6kg average cat) and peribulbar (7.5mg/ 4.6kg average cat) nerves block, resulting in 1.4 μg/mL (range 0.9-2.5) and 1.7 μg/mL (1.0-2-4) respectively.  

Three studies3,4,5 have investigated the toxic dose of bupivacaine in cats and the associated clinical signs. In one of them3, convulsions were reported when bupivacaine plasma concentration reached 3.6 ± 0.7 μg/mL, while in the other one4, seizure onset was reached at a concentration of 37.0 ± 11.3 μg/ml. These differences could be due to the rate of administration. In the second study4, 110.2 ± 24.6 μg/mL of bupivacaine, decreased mean arterial blood pressure (MAP) to 10 mmHg and cats had to be resuscitated. Finally, Kasaba et al5 reported ventricular ectopic beats when concentration was 9.5 2.9 ± μg/mL and MAP of 40 mmHg was reached at 23 ± 3 μg/mL. 

In our case, the first bupivacaine plasma concentration measurement was 5.93 μg/ml. Although this plasma concentration was in excess to the one reported by de Jong3 to produce seizures, no seizure activity was detected in our cat. Neurotoxicity without seizure may be explained in our case by a progressive rise in plasma concentration resulting from repeated epidural dosing, contrary to toxicological studies in which intravenous boluses were administered. 

As soon as the bupivacaine dosing regimen was reduced (by adjusting the concentrations to 0.125% - 0.25 mg/kg - and the inter-dose interval to 6h), the cat became brighter, started eating. The cat was transferred from ICU to wards on Day 7 and oral meloxicam administration was started.  Pain scores were low (0-3/12) so last dose of bupivacaine was given that day and the epidural catheter was removed on Day 9. 

Pupils remained mydriatic and fixed for few more days. Unfortunately, the exact moment pupils regained normal size was not recorded, but a positive PLR was reported on the day of the discharge (Day 12)
DISCUSSION

The technique for epidural catheter placement is well described in the literature1. However, to date, no guideline about analgesia management of these patients has been developed. The drugs normally used are opioids and local anaesthetics. Apart from one morphine administration on Day 2, we only used bupivacaine epidurally, modifying concentration or frequency of administration depending on pain scoring.

Pupillary response to light is mediated by optic (afferent pathway) and oculomotor (efferent pathway) cranial nerves. When light is detected by the retina, information travels through the optic nerve (sympathetic afferent pathway) until the pretectal and Edinger-Westphal nucleus, both located in the mesencephalus (midbrain). Efferent parasympathetic fibers then exit the Edinger-Westphal nucleus and run through the oculomotor nerve until the ciliary ganglion. Post-ganglionic parasympathetic fibers innervate the iris sphincter muscle, producing pupillary constriction6. Therefore, any alteration in the optic and oculomotor nerves, in the midbrain, or in the iris sphincter muscle will result in mydriasis and absence of pupillary response to light.
Some drugs (anticholinergics7, opioids8,9,10,11, recreational drugs12), systemic diseases (dysautonomia13, feline leukemia virus infection14) and ocular diseases (glaucoma15, hypertensive retinopathy16) can result in mydriasis and absent pupillary light reflexes. According to the owners, the cat did not suffer any previous ocular or systemic diseases before the accident, so we can rule out these as causes. 

On presentation, the cat was mild obtunded, responsive, and pupillary light reflexes were present, but slow. Traumatic brain injury with severe brainstem damage and cerebellar herniation can produce bilateral unresponsive mydriasis.17,18 In our case, no head injuries were found, and mental status improved in the following hours, before first surgery. 

Opioids produce mydriasis9 and changes in pupillary light reflexes in cats 10 even for a period up to 8-12h11. In our case, pupils remained fixed for more than 72h after last dose of methadone. Although plasmatic concentrations of methadone or its metabolites were not measured, it is unlikely that opioids were the cause of the dilated pupils for that long period of time. 

Pupil dilation has been also associated to acute pain in cats19 but it is not a pathognomonic sign20. In this case, pupils remained fixed and unresponsive to light despite low pain scoring, so we dismissed pain as a cause.  

During surgery, the cat was hypotensive. It was treated with crystalloid boluses and dopamine infusion. Fixed pupils have been described after episodes of acute hypovolaemia and hypotension.21,22, thought to be secondary to sympathetic activation triggered by the hypovolaemia. No acute bleeding happened during the procedure, and hypotension was detected and immediately treated, so we do not think postoperative optic ischaemic neuropathy was the cause. Total spinal anesthesia due to the injection of local anesthetic in the spinal canal instead of the epidural space has been reported to produce mydriasis and a lack of pupillary reflexes.23,24 In our case, epidural catheter was placed ultrasound-guided1 and posterior radiographs (Picture 2) confirmed epidurogram by board-certified radiologists (ECVDI). 

For these reasons, and having ruled out the other possible causes, we think bilateral mydriasis and fixed pupils were secondary to Local Anaesthetic Systemic Toxicity (LAST). The first plasmatic bupivacaine measurement showed a result four times higher the concentration achieved after a perineural block2. One case report described moderate mydriasis after a mandibular block in a cat, and the authors suspected of acute bupivacaine toxicity25. 
LAST produces a range of neurological and cardiovascular clinical manifestations with an onset occurring after few hours or even days26, resulting from accumulation of the drug in the tissues. In our opinion, the other systemic clinical signs (hypotension, anorexia, depression) were associated to LAST as well, rather than related to pain. 

We think pain over-treatment perpetuated this problem. As the cat was quiet, and showed no interest in food, pain scoring reached high values, the frequency of local anesthetic injections was increased, leading more pronounced local anesthetic systemic toxicity. In conclusion, measurement of bupivacaine plasma concentrations after epidural catheter administration can be a useful aid to monitor the patient´s progress over time in this kind of cases where epidural catheter is placed for several days. It also can help to justify some of the patient´s behaviours if LAST is present.

Footnotes: 
a. Jelco® I.V, 22Ga, Smith Medical. 1500 Eureka Park, Lower Pemberton, Ashford, Kent, TN25 4BF, UK
b. Aqupharm 11. Animalcare Ltd, 10 Great North Way, York, YO26 6RB, UK

c. Ultrasonic Doppler Flow Detector. Parks medical electronics, inc. Aloha, Oregon USA

d. Ultrasound: Sonosite II, Fujifilm, St Martins Business Centre, St. Martins Way, Bedford, MK42 0LF, UK

e. Perifix ONE Paed Set 20 B. Braun, Brookdale Rd, Chapeltown, Sheffield S35 2PW, UK
f. Iohexol Omnipaque 300 mg, GE Healthcare. Amersham PI, Little Chalfont, Amersham HP7 9NA, UK
g. Feline esophagostomy tube. Surgivet. Smiths medical. 1500 Eureka Park, Lower Pemberton, Ashford, Kent, TN25 4BF, UK
h. ABS Laboratories, 36 Hospital Fields Road, York, YO10 4DZ, UK
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Figure 1: Cat with marked bilateral mydriasis.
Figure 2: Epidurogram performed to check epidural catheter placement. 
Appendix 1: CSUVMC Feline Acute Pain Scale - RVC modified
Appendix 2: 

The samples were extracted with methyl tert-butyl ether (MTBE). Bupivacaine-d9 was used as an internal standard. An aliquot of the solvent extract was reduced to dryness under nitrogen, and reconstituted in 0.1% formic acid for determination using  reversed phase liquid chromatography (C-18 column) tandem mass spectrometry (LC MS/MS) with multiple reaction monitoring (MRM). The transitions monitored for bupivacaine and D9 bupivacaine were m/z 289.2→140.2 and 298.2→149.2 respectively. 

The samples were assayed within a batch with duplicate calibration standards containing bupivacaine in pre-screened blank human plasma prepared at 0 (blank), 1.0, 2.0, 5.0, 10.0, 25.0, 100, 250, 500 and 1000 ng/mL and duplicate quality control samples at 3, 50. 800 and a dilution QC at 4000 ng/mL. The laboratory have fully validated assays in rat, dog and human EDTA plasma, and is compliant to FDA and EMA guidance documents (Committee for Medical Products for Human Use (CHMP) Guidance for Industry. Bioanalytical Method Validation issued by the U.S. Department of Health and Human Services Food and Drug Administration (FDA). May 2018. Guideline on Bioanalytical Method Validation. 21 July 2011. EMEA/CHMP/EWP/ 192217/2009.). The validation procedure includes 1 in 10 dilution of samples (day 7 had to be diluted 1 in 10 with blank human plasma). It is very likely that even if the assay was supported by calibration standards and QCs prepared in cat plasma that the actual result for this sample would be less than +/- 15% of the result that was reported. 
