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Abstract

Objective: To describe a minimally invasive approach to the parathyroid

gland for the treatment of primary hyperparathyroidism.

Study design: Surgical technique description and clinical case report.

Animals: Five canine cadavers and 5 client-owned dogs with primary

hyperparathyroidism.

Methods: A surgical technique for minimally invasive video-assisted parathy-

roidectomy (MIVAP), described for humans, was adapted for dogs. With the dog

in dorsal recumbency, a 15 mm incision was made on the midline, 1 finger width

caudal to the cricoid cartilage of the larynx. A 5 mm 30� rigid endoscope was

inserted into the peritracheal space with the aid of a blunt suction dissector, and

fine elevators. The parathyroid was subsequently removed using electrocautery

and blunt and sharp dissection. The technique was refined in 5 cadaver dogs to

assess feasibility, and was subsequently performed in 5 clinical cases.

Results: A minimally invasive approach to the parathyroid gland was possible

and allowed successful removal of a parathyroid mass in 5 dogs without com-

plication. The use of fluid ingress was trialed in 1 cadaver and not found to be

helpful. The use of a blunt suction dissector greatly facilitated dissection of the

peritracheal space.

Conclusion: Minimally invasive video-assisted parathyroidectomy is feasible

in dogs and was not associated with complications in 5 clinical cases.

Clinical significance: Minimally invasive techniques tend to reduce morbid-

ity and are popular with pet owners. This study demonstrates that a minimally

invasive technique may be considered for parathyroidectomy in dogs.

1 | INTRODUCTION

Primary hyperparathyroidism (PHPT) in dogs is a well
recognized disease that leads to unchecked hypercalce-
mia and secondary effects such as polyuria, polydipsia,
urolithiasis, general malaise, and renal insufficiency or
renal failure.1–4 It is most often caused by a single para-
thyroid gland adenoma, which acts independent of nor-
mal feedback mechanisms to secrete parathyroid

hormone (PTH) despite inappropriately high serum ion-
ized calcium levels.1,3 Removal of the autonomous para-
thyroid tissue is an effective way to treat this disease and
is most commonly performed via a ventral midline cervi-
cal approach made from the larynx to 2-3 cm cranial to
the manubrium.5–7 Reported success rates of surgery are
as high as 96%.8

In addition to being popular with clients, minimally
invasive surgical techniques have many benefits,
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including decreased pain scores, faster return to function
and decreased surgical site infection rate when compared
to open procedures.9 The minimally invasive technique
currently available in dogs to treat PHPT is ultrasound-
guided ablation of the neoplastic parathyroid gland with
either radiofrequency heat application or percutaneous
injection of ethanol.10,11 These techniques are minimally
invasive but they have reported failure rates of up to
31%10 and 28%8 respectively. Damage to nontarget struc-
tures in the neck can also occur, and laryngeal paralysis
and Horner's syndrome following parathyroid gland abla-
tion in the dog have been reported.8

Minimally invasive video-assisted parathyroidectomy
(MIVAP) is the term used to describe the minimally inva-
sive approach to the parathyroid gland in human surgery.
The technique was first described in human patients in
1996.12 There was a steep learning curve with this proce-
dure, and initial experimental feasibility studies were per-
formed on dogs.13,14 Nevertheless, with the advent of
targeted parathyroid surgery using advanced preoperative
imaging techniques and bedside PTH assays, MIVAP soon
gained traction as a safe procedure that provided a better
cosmetic outcome and less morbidity when compared to
traditional open approaches.15–19 Minimally invasive video-
assisted parathyroidectomy has been compared prospec-
tively with a targeted minimally invasive open surgical
parathyroidectomy in 60 human patients, and the results of
the study showed a similar operative time, but lower pain
scores, better postoperative function, shorter scar length,
and higher cosmetic satisfaction in the MIVAP group.20

The objective of this study was to adapt the MIVAP
technique for use in canine patients and to assess its fea-
sibility for use in dogs with naturally occurring primary
hyperparathyroidism. Our hypothesis was that the tech-
nique would be technically possible to perform without
major intraoperative complications.

2 | MATERIALS AND METHODS

The procedure for MIVAP in dogs was adapted from that
already described for human patients and previous
research that was carried out in canines.13,14,16

2.1 | Technique in people

The technique for MIVAP in people involves a single
15-20 mm incision either lateralized to the side of the
parathyroid nodule or on the ventral midline at the level
of the sternal notch.17,21–23 Although CO2 inflation was
used in the original technique,16 this has now been aban-
doned in favor of external retraction that may utilize
3 surgeons. The sternohyoideous and sternocephalicus
muscles are divided on the midline by blunt dissection. A
30 degree, 5 mm endoscope is introduced alongside the
trachea following expansion of the peritracheal space by
insertion of a cotton gauze. The surgical field is expanded
with the use of 2 mm blunt elevators (Halle-Miccoli Ele-
vator, Karl Storz, El Segundo, California) and a suction
dissector (Miccoli Suction Dissector, Karl Storz) designed
for the use during MIVAP in people (Figure 1A and B).22

The enlarged parathyroid gland is dissected with hemo-
static clips and cautery and removed via the skin incision.
Closure of the subcutaneous tissue and skin is routine.

2.2 | Canine cadaver study

Five small to medium sized, mixed breed, canine cadavers
ranging in weight from 7 to 35 kg, were used for technique
development. Cadavers were obtained from client owned
dogs which were euthanized for reasons unrelated to the
study and donated following death with the owners' consent.

FIGURE 1 Instruments found to be useful for dissection and retraction during a minimally invasive video-assisted parathyroidectomy

(MIVAP). (A) Miccoli suction dissector (top of the image) and Halle-Miccoli 2 mm blunt elevator (bottom of the image). Both are available

from Karl Storz. (B) Close up of the working tip of the fine suction dissector, which aids blunt dissection while allowing for suctioning of

debris
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No institutional animal care and use committee approval
was required for this study. The dogs were placed in dorsal
recumbency and the neck slightly extended over a small
rolled towel with the aid of tape over the mandibular sym-
physis. The forelimbs were extended and secured distally.
The ventral neck was clipped and surgically prepared from
just caudal to the manubrium to just cranial to the angle of
the mandible. In the first cadaver, a 2 cm incision was made
just cranial to the sternal notch as is described in people. In
subsequent cadavers, 1 cm skin incision was made on the
ventral midline, 1 finger width caudal to the cricoid cartilage
at the level of the 2nd to 4th tracheal ring (Figure 2A and B).
The subcutaneous tissue was bluntly divided. The division
between paired sternohyoideus and sternothryroideus mus-
cles was identified by applying gentle pressure at this point
causing these muscles to separate (Figure 2C). The

connective tissue between these muscles was incised using a
combination of blunt and sharp dissection to the level of the
trachea. Manual retraction with a Senn retractor allowed the
adventitia beneath the sternohyoideus and sternothryroideus
muscles to be dissected from the trachea and parathyroid
gland/thyroid gland complex utilizing blunt dissection.

The trachea was retracted away from the thyroid/
parathyroid complex with an army-navy retractor. A
30 degree 5 mm endoscope was inserted into the peri-
tracheal space (Figure 3A) and identification of the
thyroid gland and parathyroid gland was achieved
(Videoclip S1). In most instances, we were able to iden-
tify both the external parathyroid gland (Figure 3B) and
the internal parathyroid gland (Figure 3C). The carotid
sheath and vagosympathetic trunk were also easily iden-
tified at this level (Figure 3D). Dissection of the

FIGURE 2 Preparation of a canine cadaver positioned for a minimally invasive video-assisted parathyroidectomy (MIVAP). The dog's

nose is at the top of the image. The dog is placed in dorsal recumbency with the neck gently extended over a rolled towel. The mandibular

symphysis is secured with tape to the table. (A) The location of the incision is 1 finger space caudal to the cricoid cartilage, which has been

outlined with a surgical marker and annotated on the image with a “C.” (B) A 10-15 mm vertically oriented midline incision is made at the

level of the 2nd to 4th tracheal ring. (C) The division between the paired sternohyoideus and sternothyroideus muscles can be easily

identified by applying gentle pressure with scissors causing the muscles to separate. This allows visualization of the connective tissue above

the trachea (arrow) that is incised to allow insertion of the endoscope

FIGURE 3 Intraoperative images of a minimally invasive video-assisted parathyroidectomy (MIVAP) in canine cadavers taken with a

30 degree, 5 mm endoscope. (A) The typical appearance of the peritracheal space as the endoscope is inserted underneath the

sternohyoideous and sternothyroideus muscles and advanced along the trachea. The trachea is marked with an asterisk (*). (B) The initial

appearance of the right thyroid/parathyroid gland complex. The trachea is marked with an asterisk (*). The right external parathyroid gland

(arrow) can just be visualized at the craniolateral aspect of the thyroid gland (TG). (C) The appearance of the thyroid gland (TG) and the

internal parathyroid gland (arrow) in the peritracheal space as visualized with a 30 degree 5 mm endoscope. (D) Identification of the

vagosympathetic trunk (arrow) following endoscopic exploration of the peritracheal space
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peritracheal space was facilitated with the use of 2 mm
blunt elevators and a Miccoli suction dissector
(Figure 1).22 The use of fluid ingress and egress was
trialed in 1 cadaver and was not found to be helpful.

The parathyroid glands were dissected under endo-
scopic guidance using fine forceps, cautery, and cauteriz-
ing 5 mm laparoscopic scissors, and were removed via
the skin incision. The gland was submitted to histopa-
thology in the final 2 cadavers to confirm that parathy-
roid tissue was removed. Closure was routine in 3 layers,
muscle, subcutaneous tissue and skin.

2.3 | Clinical cases

Following technique development on canine cadavers,
MIVAP was performed with informed owner consent, in
5 client-owned dogs presenting for treatment of primary
hyperparathyroidism. The procedure was as described in the
cadavers. Information was collected on signalment (breed,
sex and neuter status, age, body weight), results of preopera-
tive blood tests for PHPT (serum parathyroid hormone
levels, serum parathyroid hormone reactive protein levels,
serum ionized calcium levels), and cervical ultrasound find-
ings. Information was also collected on intraoperative find-
ings, surgical time, postoperative calcium levels measured
prior to hospital discharge and histopathologic diagnosis of
removed tissue.

3 | RESULTS

3.1 | Phase 1: Technical development

Initially the study followed the approach outlined by
human surgeons with an incision just cranial to the ster-
nal notch. This was found to be difficult to perform in

the canine cadavers and better visualization was achieved
via a more direct approach over the parathyroid and thy-
roid glands. This also meant that less blunt dis-
section along the trachea was required to establish the
peritracheal space. Retraction with an army-navy or Senn
retractor helped maintain the peritracheal working space
and had the added advantage of being less likely to cause
collateral damage to surrounding vital structures. Due to
the superficial nature of the dissection and the long
working arm of the 5 mm 30 degree endoscope, keeping
the operative image still was somewhat challenging. A
2.7 mm 30 cystoscope was also used successfully in
1 cadaver giving the added advantage of the being able to
stabilize the hand holding the scope and steady the
image. The procedure time from skin incision to closure
when timed on the final cadaver was 30 min.

3.2 | Phase II: Clinical patients

Five client-owned dogs who presented for treatment of
primary hyperparathyroidism had MIVAP performed.
Case 1: a 12 year old, female spayed shih tzu; Case 2: a
9.5 year old male neutered great Pyrenees; Case 3: a
9 year old male neutered Australian shepherd; Case 4: a
13 year old male neutered shih tzu; Case 5: a 13 year old
female spayed mixed breed. The dogs weighed 5, 54.7,
33.9, 12.5 and 17.5 kgs respectively. All 5 dogs had a
diagnosis of presumptive PHPT made on the basis of ele-
vated serum ionized calcium with a normal to high
serum parathyroid hormone level, a negative serum
parathyroid hormone reactive protein level with at least
1 parathyroid nodule on cervical ultrasound consistent
with a cause for PHPT.

Surgery was performed as described above to remove
the parathyroid glands. The procedural time for Cases
1 and 2 was 60 min, and 59, 43, and 47 min for cases 3-5

FIGURE 4 Intraoperative images of a minimally invasive video-assisted left parathyroidectomy (MIVAP) from case 1, a 12-year-old

female spayed Shi-Tzu with primary hyperparathyroidism taken with a 30 degree 5 mm endoscope. Cranial is to the top of both images.

(A) A singular parathyroid nodule (PN) was identified associated with the cranial pole of the left thyroid gland (TG). (B) An additional small

piece of suspicious tissue was identified (arrow) caudal to the left thyroid gland and removed. This tissue was subsequently diagnosed by

histopathology as a discrete thyroid nodule

O170 SUMNER ET AL.
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respectively. Case 1 had had 1 parathyroid nodule
removed and a small amount of additional tissue, which
was later identified as discrete thyroid nodule (Figure 4A
and B respectively). The remaining cases had 1 parathy-
roid nodule removed. All 5 dogs had resolution of hyper-
calcemia following surgery. No dog experienced clinical
signs associated with hypocalcemia. Histopathology of
the parathyroid nodules returned a diagnosis as parathy-
roid adenoma in cases 1,2 and 5, and parathyroid carci-
noma in dogs 3 and 4.

Over the course of the 5 cases some variations in tech-
nique occurred. In the second case, the scope entered the
peritracheal space very close to the cricoid, which made
the procedure more challenging. Moving the skin inci-
sion slightly more caudally facilitated dissection of the
parathyroid nodule due to an improved ability to triangu-
late. Use of retraction greatly facilitated dissection in all
cases.

4 | DISCUSSION

The initial manuscripts on the development of the
human MIVAP procedure on dogs described the utiliza-
tion of some form of gas insufflation or they used balloon
inflation to aid visualization and dissection of the peri-
tracheal space.13,14,24 This was abandoned after CO2

insufflation led to extensive subcutaneous emphysema in
the neck and chest in most cases and, in 1 dog, a bilateral
pneumothorax.13,14 Follow-up studies in pigs demon-
strated decreased oxygen saturation and increased neck
ventilatory pressures during balloon dilation and severe
pneumomediastinum following CO2 insufflation of the
neck.14,24 Given this information, CO2 insufflation during
MIVAP in dogs cannot be recommended. During the
cadaver phase of our study, we trialed the use of fluid
ingress to improve visualization. This was quickly
abandoned as it caused the adventitia of the neck to
become edematous thereby obscuring visualization and
dissection. This experience is similar to what was found
when performing transorbital video-assisted surgery.25

Although insufflation with CO2 tends to improve visuali-
zation, careful retraction allows adequate operating space
to perform the procedure when using an endoscope in
potential spaces such as these.24

As with the development of any minimally invasive
technique, there is a steep learning curve and an initial
reluctance to adopt it in practice. In human medicine, the
MIVAP has had the same issues in regard to initial accep-
tance. The drawbacks to the procedure included the learn-
ing curve, initial long operative times, up to 3 h, and
concerns of identifying the correct structures.26 Multiple
reports have since been written on the human experience

with MIVAP and shown that, with practice, operative time
is similar to that used for the open technique, and that the
learning curve can be relatively quick to overcome.18–20

For the endoscopic surgeon, one of the biggest adjust-
ments when performing MIVAP is the use of a potential
space, rather than the natural body cavity of the abdo-
men or thorax. Other examples of scoping in a potential
space include transorbital endoscopy25 and third space
endoscopy, which is performed in humans.27 When
approaching the thyroid/parathyroid complex, blunt dis-
section and retraction are utilized to create a working
space for the scope. No cannulas are used, and for this
reason, it can be challenging in some instances to hold
the laparoscope at a useful operating angle. Converting
to the use of a 2.7 mm 30 degree cystoscope reduces the
working length allowing the surgeon to stabilize their
hand and hence the image projected. In addition, we
found that this procedure was greatly facilitated by the
use of 2 Halle-Miccoli blunt 2 mm elevators and a
Miccoli suction dissector, instruments that were designed
specifically for use in MIVAP in people.22

There are multiple reported benefits to minimally inva-
sive surgery reported both in dogs and people.9 With the
MIVAP specifically, several prospective reports have identi-
fied the following benefits when compared to a minimally
invasive open approach including decreased pain scores,
improved cosmetic outcome and decreased time to return
to full function, all with a similar operative time.18,19,28 In
humans the reported operative time for this procedure
ranges from 25 min17 to 41 min21 with initial reports of the
procedure taking as long as 3 h.13 This demonstrates the
need to persist with the learning curve, which is true for
most minimally invasive surgical procedures.

One of the most critical paradigm shifts that has
occurred in human medicine favoring the use of MIVAP
or a minimally invasive open procedure for PHPT is the
move away from bilateral neck exploration in favor of
targeted approaches. In humans 80%-90% of patients with
primary hyperparathyroidism have a single adenoma.29

This, along with targeted imaging techniques and
intraoperative assessment of PTH levels, has led to the
general acceptance that a bilateral neck exploration is no
longer necessary in these patients.29 Reports in dogs have
attributed PHPT to a single lesion in the majority of cases:
60%,30 67.7%,3 89%.4 However, the recommendation still
exists that both sides of the neck should be explored. This
is most likely due to the lack of confidence in ultrasono-
graphic diagnosis. In an ambidirectional case series of
47 dogs with PHPT, ultrasonographic, and surgical and
examination of parathyroid gland pathology showed only
fair agreement in regards to number and side of the lesion
(65.9% and 72.3%, respectively).31 Similarly, a retrospective
case series of 62 cases of dogs with PHPT that underwent

SUMNER ET AL. O171
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a cervical ultrasound prior to surgery found that 19% of
the ultrasound examinations did not agree with surgical
findings in regards to laterality of the lesion.3 As there is a
generalized inability in small animal practice to measure
intraoperative PTH levels, or to use advanced techniques
such as a gamma probe to radio-guide surgery,29 it may be
that MIVAP in dogs is limited to cases that have a clear
single mass identified on preoperative cervical ultrasound.
Although the shift in human medicine is now to perform
a unilateral exploration, MIVAP has been successfully
used to explore both sides of the neck.32 As the veterinary
community becomes more familiar with this technique, it
may gain widespread acceptance and popularity as it has
done for humans.

The main limitation of this study was the small num-
ber of clinical cases examined. Although all cases had res-
olution of their hypercalcemia (which is suggestive of a
successful surgical treatment of PHPT), and no cases
experienced intraoperative or immediate postoperative
complications, more experience with this technique is
necessary to truly determine complication rates. While
the advantages of MIVAP when compared to open para-
thyroidectomy are likely to be minimal, improved visuali-
zation and magnification provided by the endoscope may
assist in some cases. Video-assisted techniques, such as
the one described here, may also find utility in other
applications such as thyroidectomy in cats where preser-
vation of the parathyroid branch of the cranial thyroid
artery is important for maintenance of parathyroid
function.6

Our goal was to describe the technique for MIVAP in
dogs and report clinical results in a small number of
cases. We found that this technique was indeed techni-
cally feasible and that it could be performed with a good
outcome and without complications in a small number of
clinical cases.
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