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Abstract

Objective: To describe a combined transdiaphragmatic and caudal median

sternotomy (TDCM) approach to the accessory lung lobe and to compare its

accessibility with intercostal thoracotomy (ICT) and median sternotomy (MS).

Study design: Cadaveric study.

Animals: Twelve canine cadavers.

Methods: Cadavers underwent an accessory lung lobectomy using an articu-

lating EndoGIA stapler via randomly assigned approach: ICT (n = 4), MS

(n = 4) or TDCM (n = 4). The percentage of accessory lung tissue removed

was measured in surface area and weight. Exposure was measured as area of

cavitary or bicavitary exposure at maximal retraction, by tracing a line around

the circumference of the exposed cavity using an imaging software. Staple line

leak pressures were evaluated to 40 cmH2O.

Results: The average area of exposure was larger in the TDCM approach

(TDCM = 193.5 cm2, MS = 106.5 cm2, ICT = 73.5 cm2); (p = .01). Two of four

ICT staple lines leaked at 40 cmH2O or lower, and 1/4 MS resulted in iatro-

genic damage to an adjacent lobe. There was no difference in the percentage of

the lobe excised by weight or surface area between groups.

Conclusion: The transdiaphragmatic and caudal median sternotomy

approach provided greater exposure, although the percentage of the lobe

excised and the surgical time did not differ between approaches.

Clinical significance: All three approaches allowed for adequate excision of

the accessory lung lobe (ALL) with similar surgical times; however, the TDCM

approach provided a greater area of exposure, which could increase accessibil-

ity to the ALL.
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1 | INTRODUCTION

Three open thoracic approaches were previously
described for surgical management of thoracic
diseases:1–5 intercostal thoracotomy (ICT), median ster-
notomy (MS), and a transdiaphragmatic approach.3

Minimally invasive thoracoscopic and thoracoscopic-
assisted approaches have also been reported.6 Tradition-
ally, an ICT is performed when exposure to only one
hemithorax is needed.1 A MS allows thorough explora-
tion of the entire thoracic cavity and better access to
ventral mediastinal structures. The transdiaphragmatic
approach for the purpose of a lung lobectomy has not
been described, although this approach is employed
routinely for other thoracic procedures.2 In contrast
with all other lung lobes, there is a lack of consensus
regarding the optimum open approach to the accessory
lung lobe (ALL) for lung lobectomy in veterinary
literature.7

The ALL lies toward the right side of the caudal
thorax, between the right and left caudal lung lobes,
and is in contact with the diaphragm. The ALL has
three distinct processes: dorsal, right lateral, and ven-
tral. The ventral process fills the recess demarcated by
the plica vena cava and mediastinal pleura. The cau-
dal vena cava (CVC) and right phrenic nerve pass
through a notch separating the right lateral and dor-
sal processes.8

In a recent study on at anatomical considerations for
the surgical approach to the canine ALL, Mather et al.
noted a preference for a right sixth ICT over a MS due to
challenges with visualization of vital structures via MS.7

However, the ICT approach limits evaluation to the right
hemithorax. To date, transdiaphragmatic approach to the
ALL has not been described. Due to the close association
of the ALL with the right caudal lobe and CVC, the mul-
tiple processes of the ALL, and the proximity of the
barrel-shaped diaphragm, the ALL has historically been
difficult to approach using the conventional ICT and
MS. The lack of a standardized approach warrants com-
parison of current approaches and exploration of alterna-
tive surgical options.

The objectives of this study were threefold. First, to
introduce a novel application of the transdiaphragmatic
approach combined with caudal median sternotomy
(TDCM) for the accessory lung lobectomy. Second, to
describe thoroughly and compare exposure of the ALL
via three different approaches: ICT, MS, and TDCM.
Third, to compare the area of cavity exposure and the
percentage of ALL excised using each of the three
approaches. The null hypothesis was that there will be no
difference in percentage of ALL excised or area of expo-
sure achieved.

2 | MATERIALS AND METHODS

2.1 | Study design

Twelve canine cadavers were obtained, three of which
were donated for research from clients at a private prac-
tice, and nine of which were purchased from a third
party. Written consent for donation of cadavers for
research was obtained for all client-owned animals.
Inclusion criteria included cadaver weight of 10–35 kg,
frozen within 2 h of euthanasia, and thawed for use
within 3 weeks of freezing. All cadavers were euthanized
for reasons unrelated to this study. Each cadaver was ran-
domly assigned to one of three thoracic approach groups:
sixth ICT, MS, or TDCM. The length of the skin incision
was measured in centimeters. Photographs to assess
exposure were obtained at maximal retraction with either
a Finochietto retractor (ICT, MS) or Balfour retractor in
combination with a Gelpi retractor (TDCM), at a stan-
dardized height that allowed visualization of the entire
incision for all cases (21 cm), using a camera on a mount-
ing stand. All images were calibrated with a ruler placed
at the level of the incision and perpendicular to the
mounting stand. Exposure was defined as an area of cavi-
tary or bicavitary exposure at maximal retraction, as mea-
sured by tracing a line around the circumference of the
exposed cavity in the imaging processing software
(Figure 1) (ImageJ 1.49, 182 US National Institutes of
Health, Bethesda, Maryland).

Each approach was performed by the same board-
certified surgeon in a randomized order. Each cadaver
was intubated and mechanically ventilated at a pressure
of 12 cmH2O with a rate of 12 breaths per minute. Once
the assigned approach was completed, visual inspection
along with saline leak test were used to confirmed that
no preexisting ALL pathology was present. The ALL was
identified and freed from its ligamentous and mediasti-
nal attachments (described below). A lung lobectomy
was performed as close to the hilus as possible, using a
vascular/medium EndoGIA Tri-Staple device of either
45 or 60 mm length, depending on patient size and lung
lobe size at the level that the stapler was able to be
placed. Time from skin incision to lobectomy completion
was recorded. After each lobectomy, airway leak testing
was performed as described in previous studies.9–11

Briefly, this method involved submerging the lobectomy
site in saline, and increasing the inflation pressure
slowly from 12 cmH2O to 40 cmH2O in increments of
5 cmH2O. The pressure at which leakage occurred was
defined as the pressure at which air bubbles were seen
at the staple line. If no leaks occurred, pressure was
maintained at 40 cmH2O for 10 s and maximum pres-
sure was recorded as 40 cmH2O.
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When leak testing was complete, residual accessory
lung tissue left in situ was excised at the level of the hilus.
The artery, vein, and bronchus within the parenchyma
were left in situ, as to not disrupt the surrounding paren-
chyma. The percentage of tissue removed during lobectomy
was calculated based on total mass of ALL (mass of excised
tissue + mass of residual tissue). The percentage of lung tis-
sue excised was also calculated by area using digital imag-
ing software. Images were calibrated using a ruler in each
picture. Each ALL was placed on a dry surface and the tis-
sue was gently fully spread out, with the stapled edge facing
down, and all the processes extended outwards.

2.2 | Description of approaches

2.2.1 | ICT approach

Cadavers were positioned in left lateral recumbency and
a standard 6th intercostal approach was made to the right
thoracic cavity. A Finochietto retractor was placed and
the hand-cranked lever was rotated to the point of resis-
tance, which allowed for malleable deformation of ribs
without iatrogenic fracture. The right caudal lobe was
retracted cranially to expose the ALL (Figure 2A). Sharp
dissection of the plica vena cava overlying the right lat-
eral process of the ALL was performed (Figure 2B) to
expose the ALL present in the mediastinal recess. The
right lateral and ventral processes of the ALL were dis-
placed medially and dorsally in relation to the CVC.
Upward traction of all processes of the ALL allowed visu-
alization of the right pulmonary ligament (Figure 2C).

Two leaves of the ligament were visualized initially: the
right caudal pulmonary ligament, which tethers the ALL to
the right caudal lobe, and the lateral pulmonary ligament
of the ALL, which merges into the esophageal mediastinal
pleura (Figure 3A). The medial pulmonary ligament of the
ALL was then transected from its insertion on the lateral
pulmonary ligament toward the cranial hilus. Once the
ALL was isolated (Figure 3B) the EndoGIA Tri-Staple
device was placed near the pulmonary hilus.

2.2.2 | The TDCM approach

Cadavers were positioned in dorsal recumbency, and a skin
incision of predetermined length was made from the 6th
sternebra to the umbilicus, followed by incision of the under-
lying linea alba. A caudal median sternotomy of the xiphoid,
6th, 7th and 8th sternebrae was performed with an oscillat-
ing saw, and a Balfour retractor placed. A Gelpi was placed
between the transected 6th sternebrae. A vertical diaphrag-
matic incision was made from the xiphoid, through the cen-
tral tendon, ending 1 cm ventral to the caval foramen. Stay
sutures were placed in both right and left sections of the
transected diaphragm for caudal retraction (Figure 4A,B).
Dissection of the phrenicopericardial ligament and ventral
and caudal mediastinum was performed, taking care to visu-
alize and avoid transection of the phrenic nerves. When the
caudal mediastinum was transected, the plica vena cava was
dissected to the level of the CVC. It should be noted that
ventrally, the plica vena cava was continuous with the cau-
dal mediastinum. The dorsal process of the ALL was tempo-
rarily displaced dorsomedial in relation to the CVC

FIGURE 1 Areas of exposure for the transdiaphragmatic and caudal median sternotomy (A), median sternotomy (B), and intercostal

thoracotomy (C) approaches. The exposed cavity is outlined (dotted line), and the area of exposure (faded region) was measured in cm2.
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(Figure 5A,B), allowing visualization and transection of all
three leaves of the right pulmonary ligament. All three pro-
cesses of the ALL were then displaced dorsolateral in rela-
tion to the CVC prior to stapler placement (Figure 5C).

2.2.3 | The MS approach

Cadavers were positioned in dorsal recumbency. Skin
and subcutaneous tissue were incised along the entire

length of the sternum. An oscillating saw was used to
perform a sternotomy from the xiphoid to the manu-
brium, leaving the manubrium intact. A Finochietto
retractor was placed and the hand-cranked lever was
rotated to the point of resistance, which allowed for mal-
leable deformation of sternebrae without iatrogenic frac-
ture (Figure 6A,B). From the point of dissection of
the phrenicopericardial ligament, the remainder of the
procedure was performed as described for the TDCM
approach.

FIGURE 2 Intercostal thoracotomy. (A) Exposure with retraction: 1. diaphragm; 2. accessory lung lobe (ALL), right lateral process;

3. caudal vena cava (CVC); 4. ALL, dorsal process; 5. plica vena cava overlying ALL. (B) After dissection of the plica vena cava: 6. right

phrenic nerve; 7. heart; 8. ALL, ventral process. (C) Dorsal and ventral process of ALL displaced dorsal and lateral to the CVC: 9. right

caudal lobe; 10. right middle lobe; 11. right cranial lobe; 12. right pulmonary ligament.

FIGURE 3 Intercostal thoracotomy. (A) Incision into pulmonary ligament: 1. accessory lung lobe (ALL), dorsal process; 2. right caudal

lobe; 3. incised pulmonary ligament. (B) Continuation of dissection of pulmonary ligament: 4. leaf attaching right caudal and ALL; 5. leaf

joining the right mediastinal pleura.
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2.3 | Statistical analysis

Continuous variables were assumed to be not normally
distributed and are reported as median and range. The
Kruskal–Wallis test was employed to determine the asso-
ciation between a categorical variable with more than
two levels, and if the association was significant, it was
followed up by pairwise comparisons. The Fisher's exact
test was used for pairwise comparisons to determine if
there was a relationship between two categorical vari-
ables because cells had fewer than five observations.

Because of the small sample sizes, p values were not cor-
rected. p values <.05 were considered significant for all
comparisons. All statistical analyses were performed
using a statistical software package (Stata, version 14.0
for Mac; Stata Corp, College Station, Texas).

3 | RESULTS

The median and range weights of the cadavers were
22.3 kg (19.9–25.3 kg) for the ICT group, 22.2 kg (19.5–

FIGURE 4 Transdiaphragmatic and caudal median sternotomy. (A) Initial exposure: 1. diaphragm; 2. heart. (B) Exposure with

retraction: 3. plica vena cava; 4. accessory lung lobe (ALL), right lateral process; 5. ALL, ventral process.

FIGURE 5 Transdiaphragmatic and caudal median sternotomy. (A) 1. Diaphragm; 2. caudal vena cava (CVC); 3. accessory lung lobe

(ALL) (all processes retracted medial to the CVC); 4. heart; 5. left phrenic nerve; 6. mediastinal pleura (transected); 7. pulmonary ligament.

(B) Incision of pulmonary ligament: 8. pulmonary ligament (incised). (C) EndoGIA stapler placement after displacement of ALL lateral to

the CVC; 9. remainder of transected mediastinal pleura.

DUVIEUSART ET AL. 93

 1532950x, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.14174 by Paul G

arnier - C
ochrane France , W

iley O
nline L

ibrary on [10/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



25.0 kg) for the MS group, and 20.8 kg (17.6–24.0 kg) for
the TDCM group, with no differences (p = 1.0). There
was no difference in skin incision length (p = .08), per-
cent of total surface area (p = .4) or percent of total
weight (p = .4) of ALL parenchyma excised between the
groups (Table 1). Time from skin incision to completion
of lung lobectomy did not differ among groups (p = .06)
(Table 1). A Kruskal–Wallis test showed no difference
among groups for leakage of the staple line at pressures
lower than the maximum leak pressure of 40 cmH2O (p
= .09). The area of exposure at maximal retraction dif-
fered among the approaches, with TDCM having the
largest (p = .01) (Table 1). When analyzed as paired vari-
ables, TDCM was larger than ICT and MS (p = .02, .02
respectively) and MS was larger than ICT (p = .04).

4 | DISCUSSION

The TDCM approach resulted in a greater area of expo-
sure in comparison with the other two approaches,
despite incision lengths in the 3 approaches not being dif-
ferent. This was likely due to the greater pliability of the
abdominal wall in comparison with the thoracic wall,
allowing a greater degree of retraction during the TDCM
approach, as well as a decrease in resistance caused by
incising the diaphragm. In our study, it was decided that
bicavitary exposure via the TDCM approach warranted
investigation. This approach better centered the ALL and

took advantage of the more pliable abdominal wall.
Given the proximity of the ALL to the diaphragm, the
phrenotomy performed allowed for caudal retraction of
abdominal organs and additional space in the caudal tho-
rax for movement of hands, instrumentation, and maneu-
vering the stapling device. Including the cranial abdomen
as part of the working space was therefore an integral
part of this approach. Instead of performing a full sternot-
omy incision and retracting surrounding structures pre-
dominantly in a cranial direction, a caudal sternotomy, a
phrenotomy, and a laparotomy were performed and sur-
rounding structures were predominantly retracted in a
caudal direction. As such, only measuring the exposure
of the thorax would not be representative of the space
used during this approach. Subjectively, visualization of
the ALL and surrounding vital structures with the TDCM
approach was improved in comparison with MS and ICT.
However, the approach did not result in any difference in
surgical time, weight/surface area of ALL removed, or
maximum leak pressure sustained.

None of the procedures required en bloc removal of
the ALL with the right caudal lobe, as has previously
been the recommendation in a surgical textbook.7,12

Identification and careful dissection of all parts of the
right pulmonary ligament was crucial to isolate the ALL
for lobectomy adequately. In a recent publication, Mather
et al.7 further described the right pulmonary ligamentous
attachments as consisting of three parts: the lateral and
medial ligaments of the ALL, and the ligament of the

FIGURE 6 Median sternotomy. (A) Exposure: 1. heart; 2. right caudal lobe; 3. right middle lobectomy; 4. diaphragm; 5. right cranial

lobe; 6. phrenicopericardial ligament and caudal mediastinum. (B) Exposure with retraction: 7. left phrenic nerve; 8. accessory lung lobe

(ALL) (right lateral and ventral process); 9. caudal mediastinum, left side; 10. transected pulmonary ligament.
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right caudal lung lobe. In this study, during the ICT
approach, the medial pulmonary ligament was visualized
only after transection of the other two parts of the liga-
ment. During the MS and the TDCM approaches, all
three parts of the ligament could be visualized readily.
Although this study was performed on normal lungs and
further studies on lungs with pathology are needed, it is
the authors' opinion that dissecting the ligament from
the TDCM approach was subjectively easier due to cen-
tering of the target lobe and immediate visualization of
all three parts of the ligament. As a consequence, the
TDCM approach might provide a means to resect
the ALL without removal of the right caudal lung lobe
even in cases of pulmonary neoplasia, depending on the
location and extent of disease.

The MS created a smaller surgical field than TDCM
and it was not well centered over the ALL, which might
have limited the ability to grasp or retract from multiple
sides. The barrel shape of the diaphragm might obstruct
visualization of the ALL and limit space for retraction
and stapler placement. Finally, an intact diaphragm
placed resistance on the incision and therefore limited
lateral retraction of the body wall. The authors speculate
that these three factors all contributed to the limited
exposure of the caudal thorax in the MS and ultimately

limited access to the ALL for stapler placement. This
assessment aligns with that of Mather et al., which states
that an ALL lobectomy performed through a MS was not
optimal, due to challenging visualization of the essential
hilar structures given their depth within the thorax, and
the presence of other structures obscuring the ALL. The
decision to use the 6th intercostal space for the ICT group
was based on previous recommendations.6,7 However,
the absence of comparison of more than one intercostal
approach was a limitation of this study. In a cadaveric
study, Singh et al.6 described that thoracoscopic-assisted
lung lobectomy of the ALL performed at the fifth or sixth
intercostal space resulted in the shortest distance from
the stapler anvil to the pulmonary hilus. A previous case
study describing an accessory lung lobectomy via ICT
suggested displacing the ALL medial and dorsal to the
CVC prior to stapler placement, to facilitate placement
closer to the hilus.13 This same maneuver was replicated
in our ICT approach.

Although dissection of the pulmonary ligament, sta-
pler placement, and subsequent excision of the lobe was
subjectively easier in the TDCM approach, the percentage
of the ALL removed by weight and surface area did not
differ between approaches, so the null hypothesis could
not be rejected. Two previous caprine and feline

TABLE 1 Baseline characteristics and outcomes of interest.

ICT (N = 4) MS (N = 4) TDCM (N = 4) p

Patient weight (kg)a 22.3 (19.9–25.3) 22.2 (19.5–25.0) 20.8 (17.6–24.0) 1.0

Skin incision length (cm)a 23 (21.2–25.0) 28.8 (27.1–29.5) 25.1 (23.7–26.0) .08

Total weight of lung (g)a 38 (31.9–41.3) 30.3 (25.9–35.4) 25.5 (24.9–26.1) .3

Total surface area of lung (cm2)a 54 (39.8–69.3) 52 (46.2–56.0) 41.5 (40.9–42.3) .5

OUTCOMES

Excised lung weight (g)a 34.5 (31.0–36.3) 29 (24.5–34.0) 24.5 (24.0–25.3) .4

Residual lung weight (g)a 1.0 (0.9–2.5) 1.3 (1.0–1.7) 0.8 (0.6–0.9) .06

Percentage of total lung weight exciseda 96.9 (93.3–97.1) 95.7 (94.1–96.3) 97.0 (96.5–97.5) .4

Leakage before 40 cmH2O
b 2/4 0/4 0/4 .09

maximum keak pressure (cmH2O)
a 39 (38–40) 40 (40–40) 40 (40–40) .1

Surface area excised lung (cm2)a 51.2 (37.5–63.6) 48.8 (43.0–52.2) 39.6 (38.9–40.1) .7

Surface area residual lung (cm2)a 2.6 (2.3–4.5) 3.7 (3.5–4.0) 2.4 (2.0–2.6) .1

Percentage of total lung surface area exciseda 94.4 (92.0–95.0) 93.2 (91.4–93.7) 94.4 (93.6–95.2) .4

Surface area exposure (cm2)a 73.5 (65.8–83.4) 106.5 (99.7–111.8) 193.5 (177.3–207.0) .01*

Time incision to lobectomy (total s)a 650 (547–752) 927 (855–1064) 1016 (908–1137) .06

Stapler size used (mm)b 45 3 2 4 .3

60 1 2 0

Abbreviations: ICT: Intercostal thoracotomy; MS: Median sternotomy; TDCM: Transdiaphragmatic with caudal median sternotomy.
aKruskal–Wallis test.
bχ2 test.
*Significant difference.
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cadaveric studies comparing maximum pressure sus-
tained by airways sealed with either a resorbable self-
locking ligation device (LigaTie) or a thoracoabdominal
(TA) stapler have been published.9,14 In the later study,
all leaks occurred when the staple line was more than
5 mm from the hilus, suggesting that correct stapler
placement may play a role in the success of the lobec-
tomy. In our study, all approaches resulted in the
removal of a similar amount of lung tissue, suggesting
similar proximity of the stapler anvil to the hilus in all
approaches.

In this study, we elected to use an EndoGIA stapler in
lieu of a TA stapler. Successful use of EndoGIA stapler
for complete or partial lung lobectomy has been
described for thoracoscopic surgery13,15 and for ex vivo
lung biopsy studies.10,11 An MIS approach was not within
the scope of this study, which was a limitation. Prefer-
ence was given to the use of the EndoGIA stapler for this
study given that it provides three rows of staggered sta-
ples regardless of staple size, the anvil articulates for
ergonomic adaption, and it provides a simultaneous sta-
ple/cut function while sealing both the excised and in
situ parenchyma.

This study has several limitations. Due to ethical con-
cerns of sourcing cadavers, the sample size for each
group was small. All approaches were performed on
thawed lungs from frozen cadavers. A previous study did
not find a difference in leak pressures sustained between
lungs that were frozen and then thawed versus fresh
lungs,14 but this may have impacted the integrity of lung
tissue. Degree of inflation of ALL tissue excised was not
assessed, which might have marginally impacted the sur-
face area measurements; however, it would not have
affected our weight measurements. Using “area of inci-
sion when maximally retracted” as a measure of expo-
sure is subjective; however, all retractors were placed by
the same surgeon, providing some consistency in the
interpretation of maximal retraction. Incision area of
exposure does not directly measure access to the desired
lung lobe, although one can surmise that greater expo-
sure allows for greater working space when placing the
stapler. In future studies, other measures of exposure
should be explored, such as the area of ALL visible in
each approach with standardized retraction. All proce-
dures were performed in cadavers without pulmonary
pathology because this study's objective was to describe a
novel application of the TDCM approach. Additional
studies are warranted to compare accessibility of the
ALL and hilar lymph nodes via each of the three
approaches when pulmonary pathology is present.
Finally, the variation in the stapler size (45 vs. 60 mm)
and the lack of comparison of stapler types was a limita-
tion of this study.

In conclusion, all approaches allowed for adequate
stapler placement and adequate seal on leak testing.
TDCM resulted in a greater area of exposure. There were
no differences in the percentage of the ALL excised by
weight or area, and no differences in surgical time. This
study introduces a novel application of the transdiaphrag-
matic approach to the thorax, allowing for a larger surgi-
cal field, and improved centralization of the ALL.
Additional larger scale studies would be welcomed to fur-
ther assess the feasibility of the TDCM for accessory lung
lobectomy in the presence of pathological changes.
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