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Perioperative management of cases undergoing phaeochromocytoma removal should
aim at normalising blood pressure and heart rate, restoring volume depletion, and
preventing catecholamine release induced by surgical manipulation. In this case report,
a novel pharmacological approach in a dog undergoing surgical tumour excision is
described. A 7-year-old 25-kg spayed female Labrador Retriever presented for repeated
episodes of generalised weakness, pale mucous membranes, tachycardia, tremor,
panting, vomiting, and hypertension over the last month was referred for surgical
treatment of a left-sided adrenal tumour with invasion of the caudal vena cava. Severe
hypertensive episodes occurred repeatedly, starting early during the anaesthetic period,
while clipping and cleaning the abdominal area, and continued intraoperatively when the
tumour was handled. Moderate hypotension occurred once the tumour was isolated
and worsened during temporary caudal vena cava flow interruption and cavotomy.
The patient was treated preoperatively with phenoxybenzamine to prevent hypertensive
crises. Intraoperatively, magnesium sulphate and urapidil were used to control blood
pressure. This treatment was effective in reducing the magnitude of blood pressure spikes
but not sufficient to prevent hypertensive peaks, especially during tumour manipulation.
Hypotension was treated with synthetic colloid and crystalloid boli, and noradrenaline
continuous infusion. Blood transfusion was performed in response to acute bleeding
during cavotomy. The dog recovered successfully from anaesthesia and its quality of life
was deemed excellent by the owner at the last follow up, 22 months after surgery. The
histopathology confirmed the diagnosis of phaeochromocytoma with an invasion of the
phrenicoabdominal vein. In the present case, we obtained a successful outcome but
failed to provide haemodynamic stability throughout the procedure.
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INTRODUCTION

Phaeochromocytomas are catecholamine-producing neoplasia
arising from the chromaffin cells of the adrenal medulla (1-3).
In dogs, although uncommon (0.1% of all tumours) (4), it is the
second most diagnosed adrenal tumour after adenocarcinoma
(5). Clinical signs are non-specific and result from the excessive
production of catecholamines (4, 6). Adrenalectomy is usually
the treatment of choice.

According to Connor et al. (1) and Lenders et al. (7),
normalisation of blood pressure and heart rate, restoration of
depleted volume, and gentle manipulation of the tumour to
prevent catecholamine release are the cornerstones of PCC
perioperative management (1, 7). Uncontrolled catecholamine
release can lead to further complications as cardiac arrhythmias
or pulmonary oedema, among others (1, 8); thus, it must
be prevented or treated to improve the survival rate (3).
Hypotension and haemorrhage are also potential complications
to be addressed during anaesthesia in dogs (1, 4, 5, 8). Pulmonary
embolism should be considered as a possible perioperative
complication (5).

CASE PRESENTATION

A 7-years-old, spayed female Labrador Retriever weighing 25-
kg was referred to the veterinary teaching hospital of the
University of Bern, for a second opinion concerning a left-sided
adrenal mass.

The referring veterinarian described repeated episodes of
generalised weakness, pale mucous membranes, tachycardia,
tremor, panting, and vomiting during the previous month.
Computerised tomography images revealed a left-sided
adrenal gland tumour, invading the caudal vena cava (CdVC).
According to the results of the endocrinological tests (negative
urinary metanephrines and ACTH stimulation) and a lack of
recorded hypertensive episodes, an adrenal adenocarcinoma was
suspected. However, due to the invasion of the CdVC and the
clinical signs, phaeochromocytoma (PCC) could not be ruled out.
Surgical removal of the mass was advised. Phenoxybenzamine
(PBZ) was started by the referral veterinarian at 0.6 mg/kg twice
per day and was maintained at this dose until ~36h before
surgery (14 days). The dose was not titrated based on blood
pressure measurement.

On the day of surgery, the dog presented a heart rate (HR) of
88 beats per minute (BPM), a respiratory rate of 26 breaths per
minute, a rectal temperature of 38.2°C, pink and moist mucous
membranes and a capillary refill time of 1.5 s. Oscillometric blood
pressure was 124/86 (99) [SAP/DAP(MAP)] mmHg. Lung and
heart auscultation were unremarkable. Dog erythrocyte antigen
was 1.1+, and blood cross-matching was performed before
anaesthesia. Complete blood count, biochemistry, prothrombin,

Abbreviations: BP, Blood pressure; CdVC, Caudal vena cava; CRI, Continuous
rate infusion; DAP, Diastolic arterial pressure; EtCO,, End-tidal carbon dioxide;
HR, Heart rate; IABP, Invasive arterial blood pressure; MAP, Mean arterial
pressure; MgSO4, Magnesium sulphate; NA, Noradrenaline; °C, degrees Celsius;
P,CO,, Arterial pressure of carbon dioxide; PBZ, Phenoxybenzamine; PCC,
Phaeochromocytoma; SAP, Systolic arterial pressure; Fe, Expired fraction.

and partial thromboplastin times were within normal values.
Baseline magnesium was 0.7 mmol/L. The patient was not treated
preoperatively with heparin due to the risk of bleeding.

Perioperative Anaesthetic and Analgesic

Management

Methadone (0.2 mg/kg IV) was administered in premedication,
inducing slight sedation. Preoxygenation was performed using
100% “flow by” oxygen, at 4 L/min, over 5min. Lidocaine (2
mg/kg IV), fentanyl (0.005 mg/kg IV), and propofol (total of 8
mg/kg IV) were used to induce general anaesthesia. The trachea
was intubated with an 11-mm internal diameter, low volume,
high pressure, silicone endotracheal tube, then connected to
an adult anaesthetic circle system. The patient was allowed
to breathe spontaneously and a stable depth of anaesthesia
(absence of palpebral reflex, ventromedial eye rotation, and
absence of jaw tone) was targeted using isoflurane (Fe 1-1.3%)
in oxygen combined with IV lidocaine and fentanyl continuous
rate infusions (CRI) (starting rates 1.8 and 0.007 mg/kg/h,
respectively). The left cephalic vein was catheterized using an 18-
G over the needle catheter to administer emergency drugs and
transfusion if needed.

The lumbosacral area was clipped and aseptically prepared.
Preservative-free morphine (0.1 mg/kg) and methadone (0.1
mg/kg) mixed with 0.2 mL/kg sterile saline solution were
administered epidurally in the lumbosacral space, using a
spinal needle (no Tuohy needle was available). Correct needle
placement was confirmed by a positive hanging drop test and lack
of resistance to injection.

Overall procedure monitoring consisted of a three-lead
ECG, transmittance pulse oximetry, side-stream capnography
with agent analyzer and oesophageal temperature, non-invasive
oscillometric arterial blood pressure, and invasive arterial
blood pressure (IABP). The patient was positioned in dorsal
recumbency, and the right dorsal pedal artery was catheterized
using a 22-G over-the-needle catheter but not connected
to the transducer because during abdominal scrubbing the
heart rate dropped from 56 to 34 BPM. Some second-degree
atrioventricular blocks were observed; no non-invasive arterial
blood pressure value was displayed at that moment. The
recumbency was changed to a right lateral and a bolus of
glycopyrrolate (0.01 mg/kg) was administered IM. The IABP
transducer was placed at the level of the patient’s heart and
zeroed at atmospheric pressure. The IABP line was connected to
the arterial catheter and the fast-flush test showed no under or
overdamping. The monitor displayed a systolic/diastolic (mean)
arterial pressure [SAP/DAP(MAP)] of 178/77(105) mmHg,
respectively. The heart rate increased to 62 BPM and AV blocks
disappeared within 10 min from glycopyrrolate administration;
at this point, the patient was repositioned in dorsal recumbency.
Five minutes later, an ultrasound-guided bilateral subcostal
and lateral transversus abdominis plane block was performed,
administering 0.1 mL/kg of sterile ropivacaine (0.5%) diluted 1:1
with sterile sodium chloride per each of the 4 injection points (9).

In the surgery room, the dog was placed in dorsal recumbency.
Blood pressure (BP) was 133/68(84) mmHg and HR 85 BPM;
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both remained stable (SAP 131 £ 1, DAP 67 £+ 1, MAP 82
+ 1, and HR 85 & 4 BPM; mean =+ SD) until the mass was
manipulated. Active warming was provided using an electronic
warm water pad set to 38°C and warm air set at 40°C, targeting an
oesophageal temperature of 37.5-38.5°C. Approximately 40 min
before the occlusion of the CdVC, active cooling was started by
switching off warming devices and surrounding the patient with
ice blocks packed in paper towels. A temperature reduction of
around 2 degrees (from 37 to 35.1) was achieved by the end of
the occlusion period.

The patient was allowed to breathe spontaneously for the first
115 min; thereafter pressure-controlled ventilation was started
due to the increasing end-tidal CO, (EtCO;). Peak inspiratory
pressure was maintained between 9 and 13 cmH,O, and no
positive end-expiratory pressure was set up. The respiratory rate
varied between 18 and 40 breaths per minute and tidal volume
between 7 and 13 mL/kg targeting an EtCO; of 35-45 mmHg.

After median laparotomy associated with left and right
paracostal approaches, a 5 cm large left adrenal mass was located,
strongly attached to the surrounding structures. Moreover, a
10cm long and 4 cm large invasion of the CdVC through the
left phrenicoabdominal vein was found. Three Rumel tourniquets
were placed (cranial to the tumour thrombus on the pre-
hepatic CdVC, caudal to the left phrenicoabdominal vein on the
CdVC and on the left renal vein). Despite careful adrenal mass
manipulation, several hypertensive crises occurred. A total of 7
SAP spikes between 150 and 200 mmHg and 14 SAP spikes >200
mmHg were recorded, with the highest value being 394 mmHg.

The hypertensive crises were treated first with magnesium
sulphate (MgSOy) alone and afterwards combined with urapidil.
The haemodynamic evolution thorough the procedure and the
pharmacological management of the hypertensive crisis are
depicted in more detail in Figures 1, 2, respectively. A total of
3 boli (10, 20, and 10 mg/kg IV) of MgSO4 were administered
before CRI was started at 15 mg/kg/h. Approximately 1h later,
venous blood was sampled for blood gas analysis and magnesium
quantification. The results showed the presence of respiratory
acidosis, with a pH of 7.149 and an arterial pressure of CO,
(P,CO;) of 68.5 mmHg. The gap between P,CO, and EtCO;
was 18.5 mmHg. Magnesium blood concentration was 1.66
mmol/L (physiological range 0.63-0.96 mmol/L). Thus, the
rate of MgSO,4 was reduced and the first bolus of urapidil
was administered at 0.35 mg/kg IV, followed by a CRI at
0.05 mg/kg/h, further increased during the procedure up to
0.3 mg/kg/h.

Boli of magnesium sulphate (total of 4) allowed to achieve an
average reduction in SAP of 61 &+ 5% (from 325.75 £ 48.3 to
124.75 £+ 2.6 mm Hg). Similarly, after urapidil boli (total of 4),
the average reduction was 59 £ 6% (from 222 £ 70.2 to 94 +
4.2 mm Hg). Both MgSO4 and urapidil infusions maintained a
SAP of 129 £ 21 mmHg but did not prevent BP spikes, and boli
were needed to punctually treat them.

Two ventricular tachycardia episodes occurred during mass
manipulation. Both had a good response to 2 mg/kg lidocaine
bolus IV. After the first episode, the lidocaine CRI was increased
to 3 mg/kg/h. No further arrhythmias were seen during the
whole procedure.

A steady decrease in BP occurred as the tumour was
getting surgically isolated. Thus, urapidil infusion was decreased
stepwise and finally interrupted, alongside with MgSOy. As the
MAP reached values below 60 mmHg, three boli of crystalloids
(10 mL/kg each one along 10min) and two boli of synthetic
colloid (5 mL/kg each one along 10 min) were administered.
Twenty minutes after tumour isolation, the MAP decreased to
<50 mmHg. At this point, lidocaine CRI was reduced to 1.8
mg/kg/h and noradrenaline (NA) started at 0.0005 mg/kg/min.

Then, Rumel tourniquets were tightened to temporarily
interrupt the caval flow. During the tumour removal, the
cranial tourniquet broke causing rapid haemorrhage, which
was promptly stopped by placing large Satinsky clamps
on the venotomy site. One unit of packed red blood
cells was administered (no quantification of blood loss was
performed), while isoflurane, fentanyl and lidocaine infusions
were discontinued due to a sudden marked decrease in blood
pressure to 36/22 (27) mmHg. Crystalloids were given at
1,200 mL/h for 20 min while NA CRI was gradually increased
reaching 0.005 mg/kg/min, then maintained until the end of
the procedure. Total (Rumel tourniquets) and partial (Satinsky
clamps) caval flow occlusion lasted 5 and 10 min, respectively;
BP values registered during this period were SAP 54 £ 21, DAP
29 £ 9, and MAP 37 £+ 12mm Hg, and HR value was 125
+ 4 BPM (mean and +SD). Once the caval flow was restored
BP was 59/30 (40) mmHg and it continued increasing until
it reached 95/45 (58) mmHg; then, isoflurane, fentanyl and
lidocaine were restarted.

A total of 6 blood gas analyses (two venous and four arterial)
were performed during surgery (Table1). Severe respiratory
acidosis and a large P,CO,-EtCO, gap (between 12.4 and 25.3
mmHg) persisted. The P,O,/FiO, ratio was ranging between 250
and 473 mmHg in the arterial samples.

When the surgery was finished, isoflurane was discontinued
while lidocaine and fentanyl CRIs were maintained for the
postoperative period at 1.8 and 0.005 mg/kg/h, respectively.
Noradrenaline CRI was reduced by 0.001 mg/kg/min every 5 min
from the end of the surgery, and no drop in blood pressure
was observed. When 0.002 mg/kg/min was reached, the NA
CRI was stopped, and the pressure monitored invasively for
~30 min, until extubation, when BP values were 96/56 (70).
After extubation and transferred to the intensive care unit.
One and five hours postoperatively, arterial blood gas values
showed a decrease in P,CO; from 60 mmHg (last intraoperative
measurement) to 40 and 35 mmHg, respectively (Table1).
Duration of surgery and anaesthesia was longer than expected
due to several complications (e.g., caval Rumel tourniquet
rupture, bilateral paracostal approach), the severity of the tumour
invasion in the surrounding tissues (slow and gentle handling)
and substantial anaesthetic instability. Anaesthesia and surgery
lasted 490 and 325 min, respectively.

Outcome and Follow-Up

No evidence of renal damage was detected on postoperative
blood work performed on day 1 and 4 after surgery. The patient
did not show any visual impairments during hospitalisation
although no direct control of the retina was performed. The dog
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FIGURE 1 | Graphical representation of systolic (blue), diastolic (orange), and mean (grey) arterial pressure and heart rate (yellow) over time expressed in minutes after
induction. On the top of the graph, a simplified timeline of the procedure is depicted, the end of the graph corresponds to the extubation. SAP, systolic arterial
pressure; DAP, diastolic arterial pressure; MAP, mean arterial pressure; BPM, beats per minute; CO, Caval occlusion; PRBC, packed red blood cells.
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was discharged in good clinical condition 5 days after surgery.
The histopathology of the mass revealed a phaeochromocytoma
(Figure 3). On a telephonic follow up 22 months after
surgery, the owner reported an excellent quality of life of

the dog.

DISCUSSION

The anaesthetic ~management of dogs undergoing
phaeochromocytoma excision raises a true challenge. The
rare clinical presentation and the absence of controlled
randomised trials, the unpredictable and life-threatening
haemodynamic fluctuations and the need for continuous and
thorough monitoring to detect them, makes it particularly
difficult to deal with these cases.

In human medicine, the preoperative administration of alpha-
receptor blockers in PCC is suggested (low quality of evidence)
since 2014, even in normotensive patients, in the attempt to
prevent perioperative haemodynamic instabilities (1, 10). In
veterinary medicine, preoperative PBZ is recommended for
patients affected by PCC (2, 11-15). Described durations of
treatment range from 7 to 120 days (3). Phenoxybenzamine
is a non-competitive, irreversible, long-acting, non-selective
a-blocker (1, 3, 10), suggested to minimise the deleterious
effects of excessive catecholamine secretion that might occur

during the perioperative period (3). Its administration for 10-
14 days has been suggested to help restore the circulating
blood volume, depleted due to arteriolar and venous constriction
after long exposure to the high concentration of circulating
catecholamines (8) and is the only medication in veterinary
management of PCC that has been described to reduce
perioperative mortality (3). However, administration of PBZ has
no influence on the appearance of intraoperative arrhythmias
in dogs (3) and can induce reflex tachycardia due to
inhibition of presynaptic a-2 blockade, which often requires
pre-operative B-blockers in humans (10). A human paediatrics
study showed that, despite the use of PBZ for 4 days
preoperatively, around 70% of the treated cases presented rises
in SAP > 180 mmHg (16). As described in human and
veterinary literature (1, 3, 12-15, 17, 18), PBZ was started
preoperatively by the referral veterinarian and maintained
for 14 days. To avoid intra- and postoperative refractory
hypotension, PBZ was withheld for 36h preoperatively (1).
This may have allowed alpha receptors resynthesis and
influenced intraoperative haemodynamic instability. Moreover,
the lack of preoperative PBZ titration according to serial BP
measurements could have led to a suboptimal administration of
the drug.

In the veterinary literature, intraoperative hypertension in
PCC is treated using drugs such as phentolamine (3, 15) sodium
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FIGURE 2 | Graphical representation of MgSQj, (blue) and urapidil (green) administration plotted against SAP (red) over time.

nitroprusside (15, 19, 20), esmolol (14), acepromazine (11, 14),
and higher % of inhalants (11, 14), alone or in combination.
Tachycardia is generally treated with esmolol (14, 15). In our case,
neither phentolamine nor sodium nitroprusside were available;
thus, MgSO4 and urapidil were used.

The administration of MgSO4 to control catecholamine-
induced crises has been already described in human medicine
two decades ago (21) and it has been used to control hypertension
in PCC resection cases (1, 18, 22, 23). In the veterinary
literature, only one retrospective study reported the use of
MgSO4 to control hypertensive crises caused by PCC (3).
Magnesium sulphate inhibits the release of catecholamines
from the adrenal medulla and reduces the sensitivity of alpha-
adrenergic receptors to catecholamines, besides exerting a direct
vasodilator effect (1, 21) via its endogenous calcium antagonism
(1, 23). In the present case, MgSOy4 boli were effective but
short-lasting (7.5 &+ 0.5min from the start of injection until
a new pressure rise). The use of a continuous infusion did
not prevent hypertensive peaks even in combination with
urapidil. Magnesium should be used with caution, monitoring its
plasmatic concentration, ECG activity and BP (24). Some of the

hypotensive episodes observed may have been also exacerbated
by MgSO4 administration.

In  humans, wurapidil showed effective prevention
of intraoperative hypertensive spikes and
postresection/postoperative hypotension when administered as
an infusion during the three preoperative days and continued
during surgery until surgical clamp of the adrenal vein (10).
To the authors’ knowledge, the clinical use of this drug has
not been reported in veterinary medicine before. Urapidil
is a short-acting (half-life 2.7h) peripheral and central a-1
adrenoreceptor antagonist, therefore causing vasodilation
(10, 25-27). It is also an antagonist of the central serotonin
receptors inducing an additional reduction in adrenergic activity
(26). In contrast to PBZ, its specific a-1 inhibition and serotonin
receptors antagonism, weakly blocking beta receptors, do not
induce tachycardia, which could prevent the use of beta-blockers
(10). As mentioned before, urapidil in combination with
MgSO4 helped in reducing the magnitude of BP spikes but
did not prevent further hypertensive peaks. Moreover, it could
have also contributed to the postresection hypotension. The
perioperative infusion of urapidil suggested by Tauzin-Fin et al.

Frontiers in Veterinary Science | www.frontiersin.org

March 2022 | Volume 9 | Article 789101


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Maidanskaia et al.

Anaesthetic Management for Phaeochromocytoma Excision

FIGURE 3 | Picture showing the pheochromocytoma after complete removal. Note the left adrenal mass (white asterisk), the severely distended left
phrenicoabdominal vein (white star) and the tumour thrombus that extended into the CdVC for 10 cm (black arrow).

(10) could be considered as a possible alternative option to PBZ
in veterinary medicine.

Dexmedetomidine, an «-2 receptor agonist, has been
described in human medicine in combination with other
drugs (e.g., MgSOy) to achieve haemodynamic stability during
phaeochromocytoma resection (1, 28-30). The activation of a-
2 receptors leads to a dose-dependent reduction in plasma
catecholamines since they take part in the regulation of
noradrenaline release through a negative feedback mechanism
(31). However, bradyarrhythmias have been described during
dexmedetomidine use (32, 33). Perioperative dexmedetomidine
CRI was originally foreseen but due to the drop in HR (most
probably baroreceptor mediated) and presence of second-degree
atrioventricular blocks, its administration was finally avoided,

even though its administration could have helped in treating the
subjacent cause.

As catecholamine release can be exacerbated by sympathetic
stimulation due to pain, a multimodal analgesic approach
was used. Fentanyl and lidocaine infusions, an epidural
administration of opioids, and a transversus abdominis plane
block with ropivacaine were performed. These analgesic
strategies alone or combined have been previously described
in the veterinary literature for adrenalectomies (5). Even if
the co-administration of methadone and morphine is not
based on scientific evidence, methadone was used expecting
a faster onset due to its higher lipophilicity, thus ensuring
intraoperative analgesia, while morphine was used to cover
postoperative pain.
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TABLE 1 | The table summarises six intraoperative and two postoperative blood gases performed.

Time Sample pH P,CO, EtCO, PaO, HCO; BE sO (%) Glu Lac Sp0, FiO2 (%) P,02/FiO2
point (mmHg) (mmHg) (mmHg) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (%) ratio
(min)

164 Venous  7.149 68.5 50 54.4 23.3 -6.5 75.8 8.2 0.38 98 46 -
201 Artherial ~ 7.188 59.4 47 326.3 221 -6.9 99.7 9.6 0.61 100 93 351
240 Venous  7.187 62.3 37 55.5 231 -5.9 80.1 9.7 0.68 98 95 -
325 Artherial ~ 7.094 64.5 45 168.7 19.3 -11.2 99.6 14.7 1.63 97 58 291
398 Artherial ~ 7.151 57.6 36 136.9 19.7 -9.6 98.7 151 3.69 98 55 250
487 Artherial ~ 7.132 60.3 42 452.7 19.7 —-9.7 99.7 11.2 3.37 100 96 472
1,090 Artherial ~ 7.329 40.6 79.2 20.9 —4.7 95.9 6 1.12 27 293
1,330 Artherial ~ 7.308 35.8 80.3 17.5 -7.9 95.5 4.8 2.53 27 297

“Inspired fraction of oxygen is estimated based on Jagodich et al. (36), considering 0.1 mL/kg/h flow of 100% O, administered through a unilateral 10 Fr nasal canula. P,O»/FiOs ratio
calculated according to Calabro et al. (37). Time points are expressed in minutes considering induction as time point 0.

Hypotension is also listed as a common complication
in PCC excision (3). Once the adrenal gland is removed,
severe hypotension may happen due to residual action of
vasodilators and catecholamine withdrawal (1, 18). In our
case, pharmacological support was eventually needed to
elevate blood pressure (34). The use of crystalloids, colloids
and vasopressors (phenylephrine, ephedrine, dopamine, or
dobutamine) has been reported in dogs with PCC (13, 15).
To face hypotension, we administered boli of crystalloids and
colloids (natural and synthetic), reduced or stopped drug
infusions and inhalant administration, and initiated NA.
Despite this, the patient remained moderately hypotensive
once the tumour was isolated, and severely hypotensive
during caval occlusion. The cause of hypotension is most
likely — multifactorial  including haemorrhage, acidosis,
mild to moderate hypothermia, and residual effect of
vasodilators. The patient returned normotensive immediately
after recovery.

Active cooling was performed in an attempt of protecting
vital organs from reduced oxygen delivery during temporary
occlusion of the CAdVC (3). However, hypothermia might
promote hypocoagulation and sequestration of platelets in
the spleen, facilitating blood losses, and its diuretic effects
might contribute to hypotension (35). Nevertheless, since
the hypothermia level reached in the presented case was
mild, it is difficult to estimate how it might have affected
both organ protection and side effects development.
The active cooling could have been started earlier in
the timeline to achieve lower temperature at the time of
caval occlusion.

Due to the high P,CO,-EtCO, difference, pulmonary
thromboembolism  was initially suspected. ~Pulmonary
thromboembolism is one of the most relevant postoperative
complications reported in dogs affected by adrenocortical
tumours (15), its incidence being particularly high in dogs
with neoplastic invasion of the vena cava and PCC (5).
During the whole procedure, the P,CO,-EtCO, gap ranged
between 12.4 and 25.3 mmHg. However, after recovery,
P,CO;, decreased substantially while the animal had a

physiological breathing rate and pattern, suggesting a gap
reduction. Thus, even if the presence of transitory thrombi
cannot be ruled out, it seems unlikely. Another possible
explanation for this event is a strong catecholamine mediated
vasoconstriction or/and atelectasia. Neither recruitment
manoeuvres were performed, nor PEEP applied to avoid further
cardiovascular impairment.

The described use of glycopyrrolate could be debatable, as
the bradycardia with second degree AV blocks may have been
a result of hypertension due to a catecholamine burst. Given
the sudden and fast decrease in heart rate of the patient, a
not confirmed diagnosis of phaeochromocytoma (negative urine
metanephrines) and the fact that the most described arrhythmias
due to catecholamine release are tachyarrhythmias (1, 3) the
authors decided to administer it. To avoid an acute increase in
blood pressure it was administered IM.

In the present case, we obtained a successful outcome
but failed to provide haemodynamic stability throughout the
procedure. Further investigations are warranted to find a
multimodal approach to effectively avoid blood pressure increase
in response to catecholamine release. The combination of
magnesium sulphate with urapidil did not provide continuous
haemodynamic stability but was effective in treating blood
pressure spikes.

Take Home Messages
The anaesthetic approach to phaeochromocytoma excision is
based on careful perioperative management. Patients should
be handled gently to minimise perioperative catecholamine
release. Blood typing must be performed to promptly replace
lost volume in case of haemorrhage. A combination of
vasoactive drugs pre- and intraoperatively could be helpful in
providing haemodynamic stability. Postoperatively, close control
of cardiovascular status and respiratory parameters is advocated,
especially if V/Q mismatch have been noticed during surgery.

In the present case report, the combination of magnesium
sulphate with urapidil to treat severe hypertension did
not provide continuous haemodynamic stability but was
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effective in treating blood pressure spikes and finally led to a
successful outcome.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical review and approval was not required for the animal
study because it is a case report. Written informed consent was

REFERENCES

10.

11.

12.

13.

14.

15.

. Gilson

. Connor D, Boumphrey S. Perioperative care of phaeochromocytoma. Bja

Educ. (2016) 16:153-8. doi: 10.1093/bjaed/mkv033

. Salesov E, Boretti FS, Sieber-Ruckstuhl NS, Rentsch KM, Riond B, Hofmann-

Lehmann R, et al. Urinary and plasma catecholamines and metanephrines in
dogs with pheochromocytoma, hypercortisolism, nonadrenal disease and in
healthy dogs. J Vet Intern Med. (2015) 29:597-602. doi: 10.1111/jvim.12569

. Herrera MA, Mehl ML, Kass PH, Pascoe PJ, Feldman EC, Nelson RW.

Predictive factors and the effect of phenoxybenzamine on outcome in dogs
undergoing adrenalectomy for pheochromocytoma. J Vet Intern Med. (2008)
22:1333-9. doi: 10.1111/j.1939-1676.2008.0182.x

SD, Withrow SJ, Wheeler SL,
Pheochromocytoma in 50 dogs. ] Vet
8:228-32. doi: 10.1111/j.1939-1676.1994.tb03222.x

Twedt
Med.

DC.

Intern (1994)

. Merlin T, Veres-Nyéki K. Anaesthetic management and complications of

canine adrenalectomies: 41 cases (2007-2017). Acta Vet Hung. (2019) 67:282—
95. doi: 10.1556/004.2019.029

. Barthez PY, Marks SL, Woo J, Feldman EC, Matteucci M. Pheochromocytoma

in dogs: 61 cases (1984-1995). J Vet Intern Med. (1997) 11:272-
8. doi: 10.1111/§.1939-1676.1997.tb00464.x

. Lenders JWM, Duh Q-Y, Eisenhofer G, Gimenez-Roqueplo A-P, Grebe SKG,

Murad MH, et al. Pheochromocytoma and paraganglioma: an endocrine
society clinical practice guideline. J Clin Endocrinol Metabolism. (2014)
99:1915-42. doi: 10.1210/jc.2014-1498

. Ahmed A. Perioperative management of pheochromocytoma: anaesthetic

implications. J Pak Medical Assoc. (2007) 57:140-6.

. Portela DA, Verdier N, Otero PE. Regional anesthetic techniques for the pelvic

limb and abdominal wall in small animals: a review of the literature and
technique description. Vet J. (2018) 238:27-40. doi: 10.1016/j.tvjl.2018.07.003
Tauzin-Fin P, Barrucand K, Sesay M, Roullet S, Gosse P, Bernhard J-C, et al.
Peri-operative management of pheochromocytoma with intravenous urapidil
to prevent hemodynamic instability: a 17-year experience. | Anaesthesiol Clin
Pharmacol. (2020) 36:49. doi: 10.4103/joacp.JOACP_71_18

Wise I, Boveri S. Anaesthetic management of a unilateral adrenalectomy
of an adrenocortical tumour in a dog. Open Vet ]. (2016) 6:62—
7. doi: 10.4314/0vj.v6il.9

Schwartz P, Kovak JR, Koprowski A, Ludwig LL, Monette S, Bergman P].
Evaluation of prognostic factors in the surgical treatment of adrenal gland
tumors in dogs: 41 cases (1999-2005). ] Am Vet Med Assoc. (2008) 232:77-
84. doi: 10.2460/javma.232.1.77

Massari E, Nicoli S, Romanelli G, Buracco P, Zini E. Adrenalectomy in dogs
with adrenal gland tumors: 52 cases (2002-2008). ] Am Vet Med Assoc. (2011)
239:216-21. doi: 10.2460/javma.239.2.216

Ferreira JP, Raszplewicz J. Management of life-threatening hypertension
12-year-old bichon frise undergoing an adrenalectomy for
phaeochromocytoma  excision. Vet Rec Case Reports. (2016)
4:e000365. doi: 10.1136/vetreccr-2016-000365

Kyles AE, Feldman EC, Cock HEVD, Kass PH, Mathews KG, Hardie EM, et
al. Surgical management of adrenal gland tumors with and without associated

in a

obtained from the owners for the participation of their animals
in this study.

AUTHOR CONTRIBUTIONS

EM was involved in anaesthetic management, data collection,
and preparation of the first manuscript. CS was involved in
editing and reviewing the draft. SV performed the surgery
and was involved in draft reviewing. AM was involved in
anaesthetic management, data collection, editing, and reviewing
the draft. All authors contributed to the article and approved the
submitted version.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

tumor thrombi in dogs: 40 cases (1994-2001). ] Am Vet Med Assoc. (2003)
223:654-62. doi: 10.2460/javma.2003.223.654

Hack  HA.  The  perioperative =~ management of  children
with phaeochromocytoma. Pediatr ~ Anesth. (2000) 10:463-
76. doi: 10.1046/j.1460-9592.2000.00504.x

Ramakrishna H. Pheochromocytoma resection: current concepts
in anesthetic management. ] Anaesthesiol Clin Pharmacol. (2015)
31:317-23. doi: 10.4103/0970-9185.161665

Gupta A. Update in  perioperative  anesthetic =~ management
of pheochromocytoma. World J Anesthesiol. (2015)

4:83. doi: 10.5313/wja.v4.i3.83

Lang JM, Schertel E, Kennedy S, Wilson D, Barnhart M, Danielson
B. Elective and emergency surgical management of adrenal gland
tumors: 60 cases (1999-2006). J Am Anim Hosp Assoc. (2011)
47:428-35. doi: 10.5326/JAAHA-MS-5669

Maher ER, McNiel EA. Pheochromocytoma in dogs and
cats. Vet Clin North Am Small Animal Pract. (1997) 27:359-
80. doi: 10.1016/S0195-5616(97)50037-4

James MFM. Use of magnesium sulphate in the anaesthetic management of
phaeochromocytoma: a review of 17 anaesthetics. Bja Br ] Anaesth. (1989)
62:616-23. doi: 10.1093/bja/62.6.616

Woodrum DT, Kheterpal S. Anesthetic management of pheochromocytoma.
World ] Endocr Surg. (2010) 2:111-7. doi: 10.5005/jp-journals-10002-1034
Lord MS, Augoustides JGT. Perioperative  management of
pheochromocytoma: focus on magnesium, clevidipine, and vasopressin.
J Cardiothor Vasc An. (2012) 26:526-31. doi: 10.1053/j.jvca.2012.01.002
DiBartola SP. Fluid, Electrolyte, and Acid-Base Disorders in Small
Animal Practice. Fourth Edition. St. Louis, MI: Elsevier (2012).
doi: 10.1016/b978-1-4377-0654-3.00003-2

Kellar KJ, Quest JA, Spera AC, Buller A, Conforti A, Souza JD,
et al. Comparative effects of wurapidil, prazosin, and clonidine on
ligand binding to central nervous system receptors, arterial pressure,
and heart rate in experimental animals. Am ] Med. (1984) 77:87-
95. doi: 10.1016/S0002-9343(84)80042-X

Gillis RA, Dretchen KL, Namath I, Anastasi N, Souza JD, Hill K, et al.
Hypotensive effect of urapidil: CNS site and relative contribution. ] Cardiovasc
Pharm. (1987) 9:103-9. doi: 10.1097/00005344-198701000-00017

Marty J. Calcium antagonists and urapidil. Bailliére’s Clin Anaesthesiol. (1994)
8:137-49. doi: 10.1016/S0950-3501(05)80141-2

Shrestha GS, Rupakhetee SS, Pathak S, Acharya P, Parajuli BD, Shrestha
A. Dexmedetomidine and magnesium sulphate as the anaesthetic adjuncts
for intraoperative management for resection of pheochromocytoma - a case
report. J Soc Anesthesiol Nepal. (2016) 3:87-9. doi: 10.3126/jsan.v3i2.15620
Dias R, Dave N, Garasia M. Dexmedetomidine for anaesthetic management
of phaeochromocytoma in a child with von Hippel-Lindau type 2
syndrome. Indian ] Anaesth. (2015) 59:319-21. doi: 10.4103/0019-504
9.156891

Hegde HV, Maheshwari S, Pai BS, Ahmed S. Dexmedetomidine in anaesthesia
for a high-risk case of pheochromocytoma with poor left ventricular function.
Indian ] Anaesth. (2016) 60:146-8. doi: 10.4103/0019-5049.176281

Frontiers in Veterinary Science | www.frontiersin.org

March 2022 | Volume 9 | Article 789101


https://doi.org/10.1093/bjaed/mkv033
https://doi.org/10.1111/jvim.12569
https://doi.org/10.1111/j.1939-1676.2008.0182.x
https://doi.org/10.1111/j.1939-1676.1994.tb03222.x
https://doi.org/10.1556/004.2019.029
https://doi.org/10.1111/j.1939-1676.1997.tb00464.x
https://doi.org/10.1210/jc.2014-1498
https://doi.org/10.1016/j.tvjl.2018.07.003
https://doi.org/10.4103/joacp.JOACP_71_18
https://doi.org/10.4314/ovj.v6i1.9
https://doi.org/10.2460/javma.232.1.77
https://doi.org/10.2460/javma.239.2.216
https://doi.org/10.1136/vetreccr-2016-000365
https://doi.org/10.2460/javma.2003.223.654
https://doi.org/10.1046/j.1460-9592.2000.00504.x
https://doi.org/10.4103/0970-9185.161665
https://doi.org/10.5313/wja.v4.i3.83
https://doi.org/10.5326/JAAHA-MS-5669
https://doi.org/10.1016/S0195-5616(97)50037-4
https://doi.org/10.1093/bja/62.6.616
https://doi.org/10.5005/jp-journals-10002-1034
https://doi.org/10.1053/j.jvca.2012.01.002
https://doi.org/10.1016/b978-1-4377-0654-3.00003-2
https://doi.org/10.1016/S0002-9343(84)80042-X
https://doi.org/10.1097/00005344-198701000-00017
https://doi.org/10.1016/S0950-3501(05)80141-2
https://doi.org/10.3126/jsan.v3i2.15620
https://doi.org/10.4103/0019-5049.156891
https://doi.org/10.4103/0019-5049.176281
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Maidanskaia et al.

Anaesthetic Management for Phaeochromocytoma Excision

31.

32.

33.

34.

35.

36.

Gertler R, Brown HC, Mitchell DH, Silvius EN. Dexmedetomidine: a
novel sedative-analgesic agent. Bayl Univ Medical Cent Proc. (2017) 14:13-
21. doi: 10.1080/08998280.2001.11927725

Uilenreef JJ, Murrell JC, McKusick BC, Hellebrekers L]. Dexmedetomidine
continuous rate infusion during isoflurane anaesthesia in canine surgical
patients. Vet Anaesth Analg. (2008) 35:1-12. doi: 10.1111/j.1467-2995.200
7.00344.x

Lin G-Y, Robben JH, Murrell
Hellebrekers LJ. Dexmedetomidine
hours during and after propofol or isoflurane anaesthesia in dogs.
Vet Anaesth Analg. (2008) 35:141-53. doi: 10.1111/j.1467-2995.2007.
00365.x

Ein SH, Pullerits ], Creighton R, Balfe JW. Pediatric
pheochromocytoma. Pediatr Surg Int. (1997) 12:595-8. doi: 10.1007/BF01
371907

Brodeur A, Wright A, Cortes Y. Hypothermia and targeted temperature
management in cats and dogs. | Vet Emerg Crit Car. (2017) 27:151-
63. doi: 10.1111/vec.12572

Jagodich TA, Bersenas AME, Bateman SW, Kerr CL. Comparison of high
flow nasal cannula oxygen administration to traditional nasal cannula oxygen
therapy in healthy dogs. J Vet Emerg Critical Care San Antonio Tex. (2019)
29:246-55. doi: 10.1111/vec.12817

McKusick BC,
infusion for 24

JC, Aspegrén ],
constant rate

37. Calabro JM, Prittie JE, Palma DA. Preliminary evaluation of the utility of
comparing SpO,/FiO, and PaO,/FiO, ratios in dogs. ] Vet Emerg Crit Car.
(2013) 23:280-5. doi: 10.1111/vec.12050

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Maidanskaia, Spadavecchia, Vincenti and Mirra. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

March 2022 | Volume 9 | Article 789101


https://doi.org/10.1080/08998280.2001.11927725
https://doi.org/10.1111/j.1467-2995.2007.00344.x
https://doi.org/10.1111/j.1467-2995.2007.00365.x
https://doi.org/10.1007/BF01371907
https://doi.org/10.1111/vec.12572
https://doi.org/10.1111/vec.12817
https://doi.org/10.1111/vec.12050
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Anaesthetic Management of a Labrador Retriever Undergoing Adrenalectomy for Phaeochromocytoma Excision, a Case Report
	Introduction
	Case Presentation
	Perioperative Anaesthetic and Analgesic Management
	Outcome and Follow-Up

	Discussion
	Take Home Messages

	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


