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Abstract

Objective: To report technical feasibility and describe procedural details of a

novel single incision minimally invasive approach to the mediastinum in

cadaver dogs.

Study design: Cadaveric study.

Animals: Large breed (25–40 kg) cadaver dogs (n = 10).

Methods: Three of 10 cadavers were used for preliminary technique develop-

ment without data recording. Cadaver specimens underwent pre- and postop-

erative thoracic computed tomographic scans. Seven dogs were placed in

dorsal recumbency and mediastinoscopy was performed via a SILS port placed

cranial to the thoracic inlet with CO2 insufflation of the mediastinum at 2–
4 mmHg. Retrieval of all CT and visually identified mediastinal lymph nodes

(LN) was attempted; endoscopic compartmental and individual LN dis-

section times and subjective operative challenges were recorded. Procedural

success scores for visualization and dissection as well as NASA-task force index

scores were recorded per lymph node, per cadaver.

Results: Median time required for initial approach including SILS placement

was 5 min (range 5–10 min). Individual LN retrieval times ranged from 2 to

32 min. Mediastinoscopic retrieval of LNs was most commonly successful for

the left tracheobronchial LN (7/7), followed by the right tracheobronchial LN

(4/7), the left and right sternal LNs (3/7 each), and the cranial mediastinal LNs

(1/7). Post-procedure pleural gas was identified on CT in 4/7 cadavers.

Conclusions: Mediastinoscopy as reported was feasible in large breed canine

cadavers and retrieval or cup biopsy of a variety of lymph nodes is possible

from the described approach. Application in living animals and its associated

challenges should be further investigated.

Clinical significance: Mediastinoscopy may provide a novel minimally inva-

sive approach to the evaluation and oncologic staging of the cranial mediasti-

num in dogs.
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1 | INTRODUCTION

The cranial mediastinum is a potential intrathoracic
space cranial to the heart, containing structures such
as regional lymph node centers, trachea, esophagus,
great vessels, and nerves. Mediastinal diseases include
primary neoplasia such as lymphoma, thymoma, heart-
based tumors, ectopic thyroid carcinoma, and rarely
sarcomas.1–3 Metastatic disease secondary to primary pul-
monary neoplasms is also represented within the medias-
tinum, specifically within the tracheobronchial and
mediastinal lymph node stations. The most common pri-
mary lung tumor in dogs is pulmonary adenocarcinoma.4

In dogs with lung carcinoma, stage 1 dogs treated with
surgery have prolonged survival and delayed progression
of disease, while these outcome measures are reduced
with progressive stages.5–10 As such, staging of intratho-
racic lymph nodes would be helpful in treatment recom-
mendations and prognosis, although challenges in
staging thoracic lymph nodes include their small size,
accessibility, and proximity to important neurovascular
structures.11–14

Video-assisted mediastinoscopic lymphadenectomy
(VAMLA) is a well-established diagnostic technique in
diseases of the mediastinum in human medicine,15–21

including oncologic staging of intrathoracic lymph nodes
where cytologic or histologic sampling by less invasive
methods is not possible, or where initial attempts fail to
generate a diagnostic sample. This technique is used
commonly for staging of non-small cell lung cancer in
people.22,23 Intrathoracic lymph node clusters are
grouped into 14 stations, which are important prognosti-
cally in the setting of lung cancer.24,25 Mediastinoscopy
may reliably access three to five of the 14 stations,
although additional stations may be accessed with stan-
dard or extended mediastinoscopy, anatomy allow-
ing.19,23 VAMLA has reported sensitivity and specificity
rates for positive lymph node identification of 93%–100%
and 94%–100%, respectively.20,21

The aim of this study was to assess anatomic feasibil-
ity of a novel VAMLA approach in canine cadavers, and
to provide baseline data that would facilitate future clini-
cal application in live dogs. Given the anatomic differ-
ences between humans and dogs, necessary procedure
modifications for mediastinoscopic lymphadenectomy in
dogs were anticipated. Feasibility was defined as the
summed data collected in cadaveric specimens including
cranial mediastinum dissection times, lymph node
extirpation times, study-defined procedure success scor-
ing for visualization and dissection, modified operative
adverse events,26 and technique difficulty reported via
NASA-TLX.27,28 Pre- and post-procedural thoracic CT
was utilized to identify essential cranial mediastinal

structures and to identify procedural consequences that
might represent clinically relevant post-procedural com-
plications in future technique applications to living dogs.

2 | MATERIALS AND METHODS

The institutional animal care and use committee declined
to evaluate this protocol due to the cadaveric nature of
the study.

2.1 | Animals

Ten large breed (>20 kg) canine cadavers, previously
humanely euthanized for reasons unrelated to participa-
tion in this study, were purchased from a commercial
vendor (Skulls Unlimited, Oklahoma City, Oklahoma)
for the purposes of this study. Prior to use, the cadavers
were thawed over the span of 48 h.

2.2 | Thoracic imaging

Thoracic computed tomography (CT) scans were per-
formed immediately prior to use in all thawed cadavers.
CT was performed with a Lightspeed 16 helical scanner
(General Electric Co, Milwaukee, Wisconsin) with acqui-
sition parameters of 120 kVp, 200 mA, and 0.625 mm
image thickness in a soft tissue algorithm. Prior to initia-
tion of mediastinoscopy, specific anatomic structures
including cranial mediastinal and tracheobronchial
lymph nodes, esophagus, pulmonary trunk, carina, azy-
gous vein, recurrent laryngeal nerve, aortic arch, internal
thoracic vessels, thymus gland, and lateral pleural folds
were noted or measured and recorded if identified on CT
scans. Images were reviewed at a DICOM workstation
with viewing software (AGFA workstations, Carlstadt,
New Jersey) by a single board-certified radiologist (KB).
Presence of pleural or mediastinal gas prior to the proce-
dure was noted. The mediastinal space was further
defined by the selected measurements of three regions
based on CT scan. The site of maximal thymic diameter
was determined and subsequently, the cross-sectional
area of the cranial mediastinum at this point was deter-
mined in cm2 and reported as a percentage of total tho-
racic cavity area at that site. This was repeated for each
cadaver. The midpoint of the cranial mediastinum was
selected as the midpoint from thoracic inlet to the heart,
and volume of this area reported in the transverse plane
as the product in centimeters of measured height and
width. Distance from the thoracic inlet to the midpoint of
the cranial mediastinum was reported in centimeters.
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Cranial mediastinal and tracheobronchial lymph node
width, height, and length were recorded as the widest lin-
ear measurement in each assigned direction, and lymph
node volume calculated. Following mediastinoscopy, all
cadaver specimens underwent a second thoracic CT and
preprocedure structures were evaluated for their presence
or absence to confirm that any structures removed had
been correctly identified intraoperatively, and the pres-
ence of pleural, subcutaneous, and mediastinal gas was
noted. Mediastinal gas was recorded as a percentage of
total surface area at two pre-determined axial slices
within the cranial mediastinum. The two pre-determined
points were the site between the second and third ribs
and the site between the manubrium and second sternal
segment (Figure 1A). Pleural gas was reported as a per-
centage of total thoracic cavity area at the level of the
mid-heart. The circumferential limits of subcutaneous
and intermuscular gas, defined as the presence of gas
within and expanding the normal intermuscular fissures,
were described relative to the primary surgical site (tho-
racic inlet).

2.3 | Relevant anatomy

For the purposes of designing methodical surgical explo-
ration, the cranial mediastinum was divided into a ven-
tral and dorsal compartment, as illustrated in Figure 1B.

2.4 | Preliminary technique
development

2.4.1 | Standard VAMLA

A canine cadaver was placed in dorsal recumbency,
with the ventral neck and cranial ventrolateral aspects
of the thorax clipped fully. The neck was hyperextended
(Figure 2A,B) to facilitate access to the thoracic inlet.
The manubrium was palpated and the space ventral to
the trachea and dorsal to the sternum identified. A lin-
ear longitudinal incision on midline (3–5 cm) was made
within this space, and the skin, subcutaneous tissues,
and cervical musculature divided to the level of the tho-
racic inlet with sharp dissection. A mediastinoscope
(Karl Storz 10 972 SPS Linder/Hurtgen distending video
mediastinoscope, Karl Storz, El Segundo, California)
(Appendix Figure A1A,B) was placed within the
incision along the ventral aspect of the trachea. The
blades were hinged open as per the manufacturer's
instructions in order to improve visualization of the
mediastinum. Various mediastinoscope-specific instru-
ments (Appendix Figure A1C,D) as well as standard

laparoscopic instruments were passed through the open
end of the mediastinoscope in order to attempt dis-
section of the ventral and dorsal compartments.

2.4.2 | Alternative-VAMLA technique

Dogs were prepared and positioned as described for
the standard-VAMLA technique, and superficial dis-
section was performed as described for VAMLA.

FIGURE 1 Computed tomography (CT) assessments.

(A) Sagittal image of thorax with red lines denoting the two pre-

determined axial assessment within the cranial mediastinum.

(a) denotes the cranial marker at a location between the second and

third ribs and the corresponding the axial view at this location;

(b) denotes the caudal marker at a location between the

manubrium and second sternal segment and the corresponding

axial view at this location. The mediastinal border is defined by the

yellow outline and the red border outlines the free mediastinal gas

quantified at these sections. (B) Sagittal image of CT scan of canine

cadaver; blue shadowed compartment represents the ventral

compartment, the yellow dotted line represents the division, and

the pink shadowed section represents the potential space of the

dorsal compartment.
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Following division of cervical musculature to access the
thoracic inlet space, a blunt trocar was gently passed,
hand-guided, into this potential space along the ventral
aspect of the trachea (Figure 2C) and the paratracheal
fascia and associated structures gently elevated.
Following this, the SILS port (SILS Port, Medtronic,
Watford, UK) was subsequently placed such that the
cuff of the port was stabilized laterally by the paired
bellies of the sternohyoideus muscle, and the port was
in close apposition to the trachea, deep to the cervical
musculature and paratracheal fascia (Figure 2D). Three

5 mm cannulas were passed into the SILS (Figure 2E),
and insufflation applied at a pressure of 2–4 mmHg to
generate pneumomediastinum using a mechanical
insufflator (PneumoClear Insufflator, Stryker, Kalama-
zoo, Michigan). A 30-degree 5.4 mm endoscope (1588
AIM laparoscope, Stryker) was passed into one of the
ports, and laparoscopic Kelly forceps and right-angle
dissecting forceps were introduced through the remain-
ing ports to perform mediastinal dissection to the level
of the tracheal carina (Figure 3A,B). Following this, the
left and right tracheobronchial lymph nodes were iden-
tified and dissected free of attachments with a combina-
tion of blunt dissection and a vessel sealing device
(LigaSure Dolphin Tip Laparoscopic Sealer/Divider,

FIGURE 3 Mediastinoscopic views within the dorsal and

ventral compartments. Dorsal compartment, view of the carina

(A) with corresponding labeled image (B) and focused view of the

right bronchial area (C) with corresponding labeled image (D). AA,

aortic arch; AV, azygos vein; CA, carina; CrVC, cranial vena cava;

LB, left bronchus; LTBLN, left tracheobronchial lymph node; PT,

pulmonary trunk; RB, right bronchus; RL, recurrent laryngeal

nerve, RTBLN, right tracheobronchial lymph node; TR, trachea.

Ventral compartment, mediastinoscopic view (E) with

corresponding labeled image (F). BCT, brachiocephalic trunk;

LInT, left internal thoracic vessel; LN, location of the right and left

sternal lymph nodes; RInT, right internal thoracic vessel; S,

sternum.

FIGURE 2 Mediastinoscopy approach. (A) Demonstration of

the positioning of cadaveric specimens during the mediastinoscopy

approach and procedure. The dog's manubrium (an important

surgical landmark) is identified by the asterisk. (B) Surgeon's view

of the cadaver in position (asterisk identifies the manubrium.

(C) Surgical approach to the thoracic inlet. Superficial retraction is

maintained by gelpi retractors. Once the paratracheal fascia is

reached, a blunt probe was used to aid in extension of the

dissection plane into the mediastinum and avoid sharp trauma to

nearby vascular structures while maintaining the limited approach

window; Side view (D) and surgeon's view (E) of the SILS port in

place at the thoracic inlet. The optimal position of the camera port

is identified by the arrow. The manubrium is identified by an

asterisk.
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ValleyLab FT10 Energy Platform, Medtronic, Minneapolis,
Minnesota) (Figure 3A–D).

Subsequently, the endoscope and instrumentation
were retracted cranially to the cranial edge of the bra-
chiocephalic trunk and oriented ventrally to access the
ventral compartment (Figure 3E,F). The compartment
was investigated for sternal and cranial mediastinal
lymph nodes and when identified, the nodes were subse-
quently retrieved. The duration of time to complete
exploration per compartment was recorded, and time to
complete lymph node dissection was recorded per node.

All procedures were performed by a single board-
certified surgeon with specialty training in minimally
invasive surgery, under the direct supervision of a
board-certified surgeon and ACVS Founding Fellow of
Minimally Invasive Surgery. A modified version of the
Operative Adverse Events Scale26 was defined
(Appendix S2), and any noted events were recorded. A medi-
astinal fat scoring system was developed for the purpose of
this study based on mediastinoscopic view (Appendix S2).
Scores were assigned per cadaver and recorded.

2.4.3 | Procedural success grading

A grading scheme was developed and utilized, ranging
from 1 (optimal) to 5 (unachievable) for visualization of
targeted structures within the dorsal and ventral com-
partments. A similar grading scheme ranging from
1 (optimal) to 5 (unachievable) for dissection and tissue
extirpation of all lymph nodes visualized was also utilized
(Appendix S2).

2.4.4 | Procedural difficulty

NASA-TLX (task load index, Appendix S2)27,28 was com-
pleted for each subsection of the mediastinoscopy proce-
dure following completion, including the exploration and
dissection of the ventral compartment and dorsal com-
partment within the mediastinum, as well as for each
retrieval of identified lymph nodes.

3 | RESULTS

Cadavers –ten mixed breed canine cadavers weighed a
median of 27.5 kg (range 23.5–38.5 kg). Body condition
score was a median of 5 (range 4–9) and mediastinal fat
score was a median of 4 (range 3–4). Frozen cadavers
were left at room temperature for 48–72 h until tissues
were appropriately thawed to permit manipulation and
dissection.

3.1 | Surgical technique development

Standard VAMLA (sVAMLA) – SVAMLA with a commer-
cial mediastinoscope was attempted in the first cadaver.
Attempts were made utilizing this mediastinoscope and
associated purpose-specific instrumentation as well as with
standard laparoscopic instrumentation such as Kelly for-
ceps, right angle forceps, and Ligasure. Ventral compart-
ment exploration, dorsal compartment exploration, and
lymph node extirpation was unable to be successfully per-
formed due to the limited field of view of the mediastino-
scope, restriction of lateral and dorsoventral excursion of
the instruments when passed through the working chan-
nel, inability to sufficiently stabilize the instruments for
safe dissection when passed alongside (external to) the
mediastinoscope, the functional mismatch in the depth of
working distance within the canine mediastinum and short
length of the mediastinoscopic-specific instruments, and
lack of trocar constraint/provided pivot point for the longer
standard laparoscopic instruments that resulted in a loss of
fine control at the level of dissection. This technique was
subsequently abandoned without further data collection.

Alternative VAMLA (aVAMLA) – an alternative
VAMLA technique was conceived utilizing a SILS port,
and this procedure was subsequently performed in nine
cadavers. The first two cadavers were utilized to optimize
procedural technique and specific data was not recorded.
Data collection was subsequently performed on the
remaining seven cadavers.

3.2 | Preprocedure thoracic CT

CT-measured cranial mediastinal dimensions are
reported in Table 1. CT-imaging identification of the right
and left sternal lymph nodes (STLN), left, right, and mid-
dle tracheobronchial lymph nodes (TBLN), and variable
cranial mediastinal lymph nodes are reported in Table 2.
Median and ranges for lymph node width, height, length,
and volume were also reported in Table 2. The vascular
“sling”, defined as the brachycephalic venous arch, was
identified on CT in all seven dogs, as well as the mediasti-
nal pleura, carina, pulmonary arch, and the azygous vein.
The internal thoracic vessels and thymus were identified
in 6/7 dogs, and the recurrent laryngeal nerve was identi-
fied in 5/7 dogs. The esophagus was identified in 4/7
dogs, and the aortic arch was identified in 3/7 dogs.

3.3 | Post-procedure thoracic CT

Following aVAMLA, mediastinal gas was retained in
all 7 cadavers and pleural gas was identified in 4/7

838 GIBSON ET AL.
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cadavers. Quantification of mediastinal and pleural
gas is described in Table 3.

Post-procedural subcutaneous gas was limited to the
port insertion location in 6/7 cadavers, but in 1/7
cadavers gas dissected subcutaneously along the left
axilla and thoracic wall. Intermuscular gas was limited
cranially to the level of C3 in 6/7 cadavers and invaded
more deeply into the muscles lining the thoracic wall in
the region of the axilla in 1/7.

3.4 | aVAMLA procedure

The SILS port and associated cannula placement took a
median of 5 min (range, 5–10). The initial dis-
section plane along the ventral surface of the trachea was
established via finger dissection and use of a blunt trocar
in 6/7 cadavers, and with finger dissection alone in 1/7.
With a longer reach than obtained by a finger alone, use

of the blunt trocar to aid development of this potential
space provided subjectively improved initial working
space and visualization. The preferred camera port posi-
tion was the upper left port within the 3-port SILS system
in 7/7 cadavers, and instruments used during the proce-
dure included a blunt laparoscopic probe (2/7 cadavers),
laparoscopic right-angle dissectors (7/7), laparoscopic
straight Kelly dissectors (7/7) and a 5 mm LigaSure
Dolphin handpiece (7/7). Dissection time from the
thoracic inlet to the carina was recorded as a median of
7 min (range, 3–33 min). Ventral compartment explora-
tion time was a median of 27 min (range, 7–49 min). The
relevant surgical anatomy of both mediastinal compart-
ments is demonstrated in Figure 3. Structures visualized
included the arch of the brachycephalic veins (in 7/7
cadavers), the sternum (7/7), left internal thoracic vein/
artery (6/7), right internal thoracic vein/artery (6/7), the
thymus gland (5/7), and the lateral mediastinal pleura
(7/7). In all five cadavers for which the thymus was
noted, visualization of remaining structures within the
ventral compartment was compromised.

Dorsal compartment exploration time was a median
of 30 min (range, 15–55 min). Structures visualized
included the carina (7/7 cadavers), pulmonary trunk
(7/7), azygous vein (7/7), recurrent laryngeal nerve
(5/7), esophagus (4/7), and the aortic arch (3/7). The
median weighted NASA-TLX score for dorsal compart-
ment and ventral compartment exploration and assess-
ment was 27 (range, 20–49) and 74.3 (range, 62.3–96.3),
respectively.

TABLE 1 Cranial mediastinal dimensions.

CrM CSA at site of maximal
thymic size (cm2)

CrM volume (as % of thoracic
cavity) at site of maximal
thymic size

Volume of transverse plane
at CrM at midpoint (cm2)

Distance from ventral neck
at thoracic inlet to
carina (cm)

24.2 (range 23.6–28) 80.4 (61.2–100) 6.6 (2.7–9) 17.3 (15.1–18.3)

Abbreviations: CrM, cranial mediastinum; CSA, calculated surface area.

TABLE 2 Thoracic CT identification and size/volume measurements of cranial mediastinal, sternal, and tracheobronchial lymph nodes.

Lymph node
Rate of identification
(no. of cadavers)

Width, cm,
median (range)

Height, cm,
median (range)

Length, cm,
median (range)

Volume, cm3

median (range)

RSTLN 7/7 0.6 (0.4–0.7) 0.6 (0.5–0.9) 1.4 (0.9–3.1) 1.5 (0.9–6.2)

LSTLN 6/7 0.5 (0.3–0.8) 0.6 (0.3–1.2) 1.2 (0.5–1.3) 1.5 (0.2–6.8)

RTBLN 5/7 0.8 (0.2–0.9) 0.6 (0.3–1.4) 0.5 (0.4–0.8) 1.1 (0.2–2.6)

LTBLN 7/7 1 (0.3–2) 0.7 (0.5–1.2) 1.2 (0.5–2.4) 4.5 (0.5–15.2)

Middle TBLN 7/7 0.6 (0.3–1.2) 0.6 (0.4–1.1) 0.6 (4–24) 1.2 (0.3–1.3)

Cranial mediastinal LN 7/7a 0.6 (0.4–1.1) 0.8 (0.4–1.4) 1.1 (0.4–2.5) 1.9 (0.5–15.8)

Abbreviations: CT, computed tomography; LN, lymph node; LSTLN, left sternal lymph node; LTBLN, left tracheobronchial lymph node; RSTLN, right sternal
lymph node; RTBLN, right tracheobronchial lymph node; TBLN, tracheobronchial lymph node.
aSingle LN in 5/7, two in 2/7.

TABLE 3 Quantification of mediastinal and pleural gas.

CrM gas (% of
total thoracic
cavity CSA
between second
and third ribs)

CrM gas (% of total
thoracic cavity
CSA between
manubrium and
second sternal
segment)

Pleural gas (% of
total thoracic CSA
at level of the mid-
heart)

4.5 (0–25.5) 27.7 (5.6–40.1) (4.2 (0–50)

Abbreviations: CrM, cranial mediastinum; CSA, calculated surface area.
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Procedural data regarding the rate of visualization
and successful retrieval of different lymph nodes is
reported in Table 4. Median and ranges for dis-
section times in minutes, weighted NASA-TLX per lymph
node extirpation, and procedure success score for visuali-
zation and tissue extirpation were reported in Table 4. In
all cases, authors considered all visualized lymph nodes
to be amenable to biopsy by cup forceps even if unable to
be fully extirpated via the described approach.

Recorded adverse operative events included a grade
1 iatrogenic tissue injury in 2/7 cadavers (torn LTBLN in
one, pleural rupture in one). Accumulation of surgical
smoke in the small working space during deployment of
the LigaSure device was defined as a grade 1 technical
failure due to impeded visualization and dissection. This
occurred in 7/7 cadavers.

4 | DISCUSSION

The alternative VAMLA approach using a SILS port and
standard laparoscopic instrumentation was found to be
technically feasible for the retrieval of normal lymph
nodes in adult canine cadavers. While an initial attempt
using a commercial mediastinoscopic system designed
for humans was made, this instrumentation did not adapt
well to the canine thoracic anatomy.

Utility of the mediastinoscope for sVAMLA within
the canine cadaveric cranial mediastinum was found to be
poor. While the authors acknowledge that limitations of
the video mediastinoscope may have been anticipated
based on known dimensions of the canine cranial medias-
tinum, attempts at using this device found the working
space provided by the mediastinscope did not translate
functionally to canine mediastinum. The mediastinoscopy-
specific instruments designed to be used within the med-
iastinoscope working channel were too short to reach the
structures of interest within the canine mediastinum,
requiring use of longer laparoscopic instruments.
Additionally, the working channel of the mediastinoscope
was long (20 cm) and limited lateral and dorsoventral
motion of the instruments. The smooth metal working
channel provided very little fixed contact with the
instruments, which made the standard long laparoscopic
instruments difficult to use safely and effectively. While
tissue retraction from the mediastinoscope was advanta-
geous, the SILS port provided a fixed fulcrum which
enabled stability and operator-directed lateral and
dorsoventral instrument excursions.

Suggested contraindications for this mediastinoscopy
in people include patients with coagulopathies, severe
cerebrovascular disease, bulky disease, or extranodal
tumor growth.29–31 Obesity, while not linked to poorT
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surgical outcomes in minimally invasive surgery in
people,32 could be a limitation in the successful applica-
tion of this technique due to the presumed negative
effects of increased mediastinal fat on structure visualiza-
tion and further reduction of working space in this lim-
ited access area and more distant location of the relevant
lymph nodes within the thorax from the approach site
than in humans. Additionally, the authors only encoun-
tered normal lymph nodes and larger nodes may pose
challenges. Importantly, all visualized lymph nodes in
the studied cohort were subjectively considered able to be
safely biopsied using a laparoscopic cup biopsy forceps
instrument, and so some benefit may still exist in this
approach for incisional sampling of moderately to
severely enlarged lymph nodes in the canine cranial
mediastinum. The impacts of cardiac and respiratory
motion and ventilation tidal volume were not assessed in
this cadaveric study and might also impact the success of
this procedure in live animals.

The thoracic CT scan performed did not utilize an
intravenous contrast agent, although mediastinal adipose
provided tissue contrast and enabled lymph node identifi-
cation and measurement.33 There was moderate difficulty
in identifying all lymph nodes that were found on tho-
racic CT scan with aVAMLA (Table 4). The most consis-
tently visualized on thoracic CT and retrieved with
aVAMLA were the right and left tracheobronchial lymph
nodes. This is likely related to their position directly adja-
cent to the identifiable structures of the right and left
bronchus, respectively and the relative ease of following
the trachea directly to this area. The overall low
NASA-TLX scores of lymph node retrieval for RTBLN and
LTBLN mirrored the successful retrieval of these lymph
nodes in most cadavers. The sternal and cranial mediasti-
nal lymph nodes were frequently obscured by the presence
of the thymus and mediastinal fat. Interestingly, the only
retrieved cranial mediastinal lymph node had a relatively
low NASA-TLX score, suggesting that these lymph nodes
might be retrieved easily once identified, which may be
more straightforward in live dogs. The addition of contrast
lymphangiography or disease infiltration within lymph
nodes of interest may enable easier identification and
improve the rate of retrieval in clinical cases.

Described complications of sVAMLA in people
include temporary left recurrent nerve paralysis most
commonly, as well as hemorrhage, pleural effusion, chy-
lothorax, and mediastinitis, with an overall complication
rate of 2.6%–11.3%.19–22,29 While the recurrent laryngeal
nerve was consistently identified and functional assess-
ment was impossible in this cadaveric cohort, nerve
injury remains a relevant concern. The optimal plane of
dissection was identified within the paratracheal fascia at
the ventral aspect of the trachea. Thermal spread from

the LigaSure and attenuation of blood supply within this
dissection plane may lead to tracheal injury although
this is considered unlikely.34,35 Finally, while no vascular
disruption was observed within this cohort, the proximity
of essential blood vessels makes this an important poten-
tial ramification.

Mild mediastinal insufflation was used in this tech-
nique, with a maximal pressure of 4 mmHg, based on
prior studies suggesting that pleural pressure of up to
5 mmHg during thoracoscopy may be tolerated.36,37 The
addition of insufflation provided appreciable support in
defining the potential space and improvement in visuali-
zation. Presence of mild post-procedure pleural gas most
likely a result of leakage of insufflation gas from the
mediastinum from secondary disruption to the pleura
that was difficult to appreciate. The clinical significance
of this is unknown, although transient loss in mediastinal
space pressure leading to collapse of working space could
be experienced which could prolong the procedure.

The SILS port was introduced cranial to the level of
the thoracic inlet, along the ventral aspect of the neck,
with an incision size that varied from 3 to 5 cm. The
authors found that seating the cuff of the SILS port
between the ventral musculature of the neck and deep to
the level of the paratracheal fascia enabled immediate
access to important landmarks. There was notable reten-
tion of smoke following deployment of the LigaSure
device during lymphedenctomy at all sites, in all
cadavers. This should be anticipated due to the small
working space and lack of ventilation. Surgical smoke is
known to inhibit visualization and identifying safe and
effective solutions for image enhancement38 and smoke
evacuation39,40 have been pursued. Future investigations
of this procedure include considering smoke evacuation
systems compatible with the SILS system such as the
AirSeal device or homemade cannula alterations.40,41

This study had several important limitations. The lim-
ited experience in a small cohort of seven large breed
canine cadavers, previously frozen and thawed, may have
prevented the investigators in fully understanding the
challenges of aVAMLA. Translation of this technique in
clinical cases of variably sized dogs including small breed
dogs, with diseased lymph nodes may be challenging and
important clinical consequences and the complication
likelihood in live patients may be under-appreciated.
However, lymph node identification can be difficult
in cadaveric tissue, and may be easier in living dogs.
Additionally, the sVAMLA was only attempted to be used
in one cadaver and progressive utility may have been
gained by further attempts. In addition to lymphadenect-
omy, it should be considered that access to the cranial
mediastinum may allow for retrieval of small and
non-invasive cranial mediastinal masses, which has been
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successfully although infrequently reported in the human
literature, but this was not evaluated in this cohort.42–44

In conclusion, this study suggests that aVAMLA is
technically feasible and can be successful in identifying
and retrieving and/or obtaining biopsies of mediastinal
lymph nodes in large breed canine cadaver specimens.
Staging of mediastinal lymph nodes is challenging, cur-
rently commonly requiring open surgical retrieval, but
yet is an important piece in the decision making for treat-
ment of intrathoracic neoplasms in dogs.1–10 Providing
minimally invasive alternatives to transthoracic extirpa-
tion of these lymph nodes in clinical cases may allow
maximization of patient outcomes. Assessment in a live
dog model is recommended prior to considering
aVAMLA in clinical cases requiring cranial mediastinal
mass resection or lymph node staging.
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