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Abstract
Background: Different pulmonary pathologies may require a partial or total
lung lobectomy as treatment. This study compared two techniques for per-
forming a caudal pulmonary lobectomy: a traditional lateral thoracotomy
(LT) and a novel transdiaphragmatic (TD) approach.
Methods: TD and LT approaches were performed on each of 18 canine cadav-
ers. The operator and order of intervention were randomised at the beginning
of the study. To compare both techniques, surgical time, percentage of area of
lobe removed, incision length and iatrogenic damage were recorded.
Results: The mean length of surgery for the TD approach (1155 ± 232.8
seconds) was non-inferior to the LT approach (1126.8 ± 180.6 seconds)
(p = 0.6131). The mean percentage of the area of caudal lobe that was
successfully removed during the TD approach was 25.83 ± 8.95% (range
10.55‒40.72%) of the lobe surface, while 100% of the caudal lobe was removed
during the LT approach. There was no statistical difference in iatrogenic
damage between the procedures.
Limitations: This is a non-inferiority ex vivo study carried out by three
different surgeons, and no leak test was performed after lobectomies.
Conclusion: Partial caudal lung lobectomy can be performed in dogs by the
TD approach without greater iatrogenic damage or longer surgical duration
than the traditional LT approach.
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INTRODUCTION

Pulmonary lobectomy is a surgical technique that
consists of removing a pulmonary lobe (complete pul-
monary lobectomy) or part of it (partial pulmonary
lobectomy) as a surgical treatment for pathologies of
this organ. In veterinary medicine, different intratho-
racic approaches to perform a pulmonary lobectomy
have been described.1,2

Intercostal thoracotomy is a widely used surgi-
cal technique for the thoracic cavity.3 It allows the
approach to the cavity in the hemithorax where
the intervention is performed, as well as access to
the mediastinum.4 However, this technique has been
reported to be significantly associated with postoper-
ative pain,5 largely due to the possible compression
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of the intercostal nerves by the use of circumcostal
sutures to close the thoracic cavity.6

Median sternotomy has also been described as a
thoracic approach.7 This technique allows bilateral
visualisation of the thoracic cavity through a single
approach.4 However, it is less commonly used due to
the higher rate of complications (between 17% and
78%) compared to the intercostal approach.7

In human medicine, minimally invasive techniques
such as thoracoscopy or video-assisted thoracoscopy
surgery (VATS) have been used to reduce surgical pain
and improve postsurgical recovery.8 These advantages
can also be observed in veterinary medicine.9–11

Compared with conventional techniques, the trans-
diaphragmatic (TD) approach, first described by
Fingeroth and Birchard,12 is associated with decreased
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morbidity and better exposure of the caudal thorax.13

This approach has been described for performing
cardiopulmonary resuscitation in canine cadavers,14

pacemaker implantation in small animals,12,15,16

pericardectomy,13 porto-azygous shunt attenuation,17

thoracic duct ligation18 and removal of foreign bodies
migrating from the stomach and duodenum.19 Addi-
tionally, the ventral midline approach may be less
demanding given its greater use and understanding
among clinicians.14

The objective of this study was to describe and
evaluate the feasibility of the TD approach through a
celiotomy for performing pulmonary lobectomies as
an alternative to the traditional intercostal approach
in a canine cadaveric model. It was hypothesised that
this approach would allow the performance of caudal
partial pulmonary lobectomies, with a surgery time no
longer than that of lateral thoracotomy (LT) and pro-
ducing a similar amount of trauma in the surrounding
structures.

MATERIALS AND METHODS

Eighteen fresh canine cadavers weighing between 15.3
and 39.2 kg were used in the study. All dogs were
euthanased for reasons unrelated to this study.

Three veterinarians participated in this study: one
board-certified surgeon and two surgical residents.
Each surgeon was randomly assigned to each dog to
perform both approaches. Random assignment was
also used to determine which approach would have
to be carried out first and on which caudal lobe each
procedure would be performed for each patient. For
this randomisation, the website https://www.random.
org/ was used. Each surgeon performed a total of 12
procedures (six TD and six LT).

In order to quantify the percentage of lobes removed
through the TD approach, a total pulmonary lobec-
tomy of the caudal lobe of the TD approach was
performed at the end of the procedure by an inter-
costal approach. All lobectomies, both partial and
total, were performed with a thoracoabdominal model
linear surgical stapler (Linear Stapler LS6035, Aescu-
lap) with a blue staple cartridge of staples measuring
60 mm in length and 3.5 mm in height (Linear Staple
Cartridge LSC6035). In order to record timing and inci-
sion length, a stopwatch and a metric ruler were used.
A cross-stitch plastic paper was used to measure the
areas of pulmonary lobes removed. Three time inter-
vals were recorded: T1 was the time interval between
the start of skin incision and completion of pul-
monary lobectomy, T2 was the time interval between
the placement of the first suture and complete skin
closure and Tt was the sum of T1 and T2.

In order to make the study similar to a procedure
with live animals, especially during the approaches
and lobectomies, all dogs were intubated through a
tracheostomy. In this way, it was possible to inflate
their lungs with a manual pump and maintain a
mean pulmonary pressure between 10 and 20 cm of
H2O with a digital sphygmomanometer (TL100 Digital
Manometer Handheld, SEAFRONT) (Figure 1).14

F I G U R E 1 Manual pump device for maintenance of
pulmonary pressure

Description of TD surgical technique

As described previously by Jack et al.,14 all dogs were
positioned in dorsal recumbency. A ventral midline
incision was made starting 2 cm cranial to the xiphoid
and extending at least halfway down the midline by
using a number 23 scalpel blade. After the xiphoid and
linea alba were exposed, the cranial linea alba was
tented, and a reversed scalpel blade was used to enter
the abdomen as in a midline celiotomy. The incision in
the abdominal wall was extended caudally to the level
of the skin incision with Mayo scissors. At the cranial
aspect, the abdominal incision was extended along the
right lateral aspect of the xiphoid to the caudoventral
aspect of the right ninth rib. The falciform ligament
was resected. A Balfour retractor was placed in the
cranial portion of the abdominal incision for better
exposure of the cavity. The incision on the diaphragm
was made with a scalpel (number 11 blade) adjacent
to the sternum to minimise inadvertent trauma to
the lungs or heart through the pars sternalis mus-
cle and extended circumcostally with scissors to the
corresponding side of the lobectomy. Gentle man-
ual retraction by an assistant was used to expose the
caudal lung lobe, and partial lobectomy of the max-
imum possible portion of the lung lobe was carried
out with the stapling device (Figure 2). Closure of the
diaphragm was accomplished with a simple continu-
ous suture pattern. The abdominal incision was closed
routinely in three layers.

Description of LT surgical technique

All dogs were positioned in lateral recumbency
prior to a routine LT, as described by Caywood
and Lipowitz.1 The sixth intercostal space was
standardised as the TL approach space.20 This was
identified cranially by palpation from the 12th inter-
costal space. An incision was made with a number
23 scalpel blade through the skin and subcutaneous
tissue over the targeted rib space. The incision was

https://www.random.org/
https://www.random.org/


VETERINARY RECORD 3 of 8

F I G U R E 2 (a) Thoracoabdominal linear surgical stapler prior to partial lung lobectomy through the transdiaphragmatic approach. (b)
The remaining left caudal lobe after the lobectomy

F I G U R E 3 Total caudal left lung lobectomy through lateral
thoracotomy

continued through the latissimus dorsi and serratus
ventralis muscles with Metzembaum scissors. The
intercostal muscles (external and internal of the sixth
space) and pleura were then incised with the Met-
zembaum scissors. To widen the intercostal space, a
manual Farabeuf retractor (proximal retraction) and
a Finochietto retractor (cranial and caudal retraction)
were used. To mobilise the caudal lobe, it was neces-
sary to section its pulmonary ligament located on the
medial edge of the lobe from the hilum to the medi-
astinal pleura. Total caudal pulmonary lobectomy
was then performed using a stapler according to the
technique described by Monnet4 (Figure 3). Closure of
the thoracic cavity was performed with circumcostal
sutures, followed by simple continuous closure of the
regional muscle, subcutaneous tissue and skin.

Research assistants monitored each participant dur-
ing the procedures and recorded the following data
for each technique: the time interval between skin
incision and completion of pulmonary lobectomy,
the time interval between the placement of the first
suture and complete skin closure, the total time spent,
the incision length, the percentage of lobe removed
with each technique (Figures 4 and 5) and any iatro-
genic damage that occurred during the procedure. In
this last aspect, although lung leakage tests were not
performed, visual assessment of lacerations on the
surface of the lungs and liver, damage to large blood
vessels and other potential tissue damage caused by
the surgical procedure was performed.

Statistical analysis

To test the non-inferiority in mean procedure time
of TD compared with LT, a non-inferiority margin of
60 seconds was defined based on Jack et al.14 A non-
inferiority power analysis was performed for the first
six procedures (two for each surgeon) with the prede-
fined 60-second non-inferiority margin, with an alpha
set at 0.05 with 80% power. The analysis indicated that
a minimum of 17 cadavers would be required to show
statistical non-inferiority.

All data are presented as the mean, standard devi-
ation (SD) and range of values obtained during the
performance of the TD and LT approaches for caudal
pulmonary lobectomy in canine cadavers.

Comparisons between the three surgeons were car-
ried out using ANOVA and the Duncan test. The
surgical duration data were first tested for normality
using the Shapiro-Wilk test, and either the Student’s t-
test or the assigned rank test was used to compare the
two techniques.

Descriptive analysis was carried out to compare
the surgical time, incision length and percentage of
the lobe removed for the two approaches. The differ-
ence in the percentage of the lobe removed was also
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F I G U R E 4 Comparison of the total lung lobe area
obtained through a lateral thoracotomy (left) or
transdiaphragmatic approach (right) in a canine cadaver

F I G U R E 5 Surface area of the lung lobe
obtained through the transdiaphragmatic approach
(right) and rest of the lobe (left).

analysed according to whether a right or left TD was
performed.

Descriptive statistics were performed in Microsoft
Excel 2016 (Office 16, Microsoft), and all other analyses
were performed in SAS 9.4 (SAS Institute).

RESULTS

Eighteen fresh cadavers with a mean weight of 25.13 kg
(SD 5.29, range 15.3–39.2) were used in this study. TD
and LT were performed on each cadaver. None was
discarded during or after the study.

With a confidence level of 95%, it was shown that
there were no significant differences in any of the
measured time intervals among the three surgeons.
Overall, there were no significant differences in the
time taken to complete the two surgical techniques
(TD: 1155.0 seconds, SD 232.8, range 817.8–1755.0;
LT: 1126.8 seconds, SD 180.6, range 753.6–1627.8)
(p = 0.6131). The upper limit of the 95% confi-
dence interval (CI) for the difference in the means
between the TD and LT groups was 47 seconds. This
was below the predefined non-inferiority margin of
60 seconds; therefore, we could conclude that the
TD approach was non-inferior to the LT approach
(Table 1).

The time interval between skin incision and com-
pletion of pulmonary lobectomy (T1) was signifi-
cantly longer for LT (465.6 seconds, SD 129.0, range
303.0‒820.0) than for TD (390 seconds, SD 92.4, range
259.8‒567.0) (p = 0.0432) (Table 1). The time inter-
val between the placement of the first suture and
complete skin closure (T2) also varied significantly
between techniques, being longer for TD (765.0 sec-
onds, SD 168.6, range 459.0–1188.0) than for LT (660.6
seconds, SD 162.6, range 456.0–1203.0) (p = 0.0243)
(Table 1).

The mean cutaneous surgical incision was signifi-
cantly longer for TD (20.99 cm, SD 2.1, range 17.5–25.5)
than for LT (19.73 cm, SD 1.84, range 16.5–23.9)
(p = 0.0170) (Table 1).

A mean of 25.83% of the surface of the lobe (SD
8.95, range 10.55‒40.72) was removed during the TD
approach, while 100% of the lung lobe was always
removed during the LT approach. For TD, there
were no significant differences in the percentage of
the caudal lung lobe removed depending on which
hemithorax was approached through the diaphragm
(p = 0.7900).

Finally, diaphragmatic laceration was identified in
two of the 18 cadavers (11.11%) during TD. In both
cases, the lacerations were secondary to the use of scis-
sors to enlarge the approach, and both were sutured
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T A B L E 1 Comparison of variables for both of the pulmonary lobectomy techniques

Variable

TD LT

p-ValueMean SD Range Mean SD Range

T1 390.0 92.4 259.8‒567.0 465.6 129.0 303.0‒820.0 0.0432

T2 765.0 168.6 459.0‒1188.0 660.6 162.6 456.0‒1203.0 0.0243

Tt 1155.0 232.8 817.8‒1755.0 1126.8 180.6 756.3‒1627.8 0.6131

Incision length 20.99 2.1 17.5‒25.5 19.73 1.84 16.5‒23.9 0.0170

Abbreviations: LT, lateral thoracotomy; SD, standard deviation; TD, transdiaphragmatic; Tt, total time spent; T1, time interval between skin incision and
completion of pulmonary lobectomy; T2, time interval between the placement of the first suture and complete skin closure.

without incident. No iatrogenic damage was observed
during LT.

DISCUSSION

To the best of the authors’ knowledge, this is the first
published report of a study in which two techniques to
approach the thoracic cavity for lung lobectomies have
been compared.

Although the power analysis showed that significant
results could have been obtained with 17 cadavers, we
decided to add one more cadaver so that each surgeon
would have six cadavers in total and could perform
each of the approaches six times.

Although we observed statistical differences
between the two surgical approaches when evalu-
ating T1 and T2, there were no differences in the total
time spent between the two techniques. During the
study, a non-inferiority test was established to demon-
strate that the TD approach for lung lobectomies was
not significantly worse than the LT approach. A non-
inferiority margin of 60 seconds was defined based
on the study by Jack et al.14 In that study, the authors
used a predefined margin of 30 seconds to compare
LT and TD for open-chest cardiopulmonary resusci-
tation. We considered it appropriate to double that
time to 1 minute because we hypothesised that our
interventions would not only be longer but would also
lack urgency in a living patient. In our study, the upper
limit of the 95% CI for the mean difference between
the two approaches was 47 seconds, thus concluding
the non-inferiority of the TD approach.

The difference observed in T1 (TD 390 ± 92.4 sec-
onds vs. LT 465 ± 129 seconds) may be due to the
more complex dissection and approach of the tho-
racic cavity through an intercostal approach. In turn,
the abdominal approach may be a more commonly
used approach for surgeons, which could explain the
shorter time required for this approach, even with a
diaphragmatic opening. Performing a complete pul-
monary lobectomy through LT could imply the use of
more time compared to a partial lobectomy performed
through TD. The closure of the diaphragmatic incision
could contribute to the longer time observed for the
TD approach at T2 (TD 765 ± 168.6 seconds vs. LT
660.6 ± 162.6 seconds).

The TD approach allows an average of 25.83% of the
caudal pulmonary lobe to be removed. This approach

therefore has a great limitation when compared to
the LT approach, through which both partial and total
lobectomy of the caudal lobe can be performed. The
TD approach would be limited not only to the apical
location of the lesion but also to the type of lesions
that may benefit from a partial lobectomy, such as
lung perforation, inhaled plant foreign bodies lodged
at this level, or bullae. Therefore, it is of paramount
importance to know the exact location of the lesion
preoperatively in order to be able to consider the use
of the TD approach.

The proximity of the lungs to the chest wall appears
to be one of the reasons previously reported to jus-
tify the occurrence of iatrogenic damage to this organ
with the LT approach.14 In our study, there was no
damage with this approach. This contrasts with other
studies in both human and veterinary medicine, with
reported incidences of iatrogenic lung injuries in
between 28.6% and 36% of cases.14,21

Other potential complications that would require
evaluation during the TD approach are iatrogenic
damage to other structures and organs in both the
abdominal and thoracic cavities. In this regard, in our
study, only two small diaphragmatic lacerations were
caused in two of the cadavers when performing the TD
approach. These injuries originated from the cranial
and paraxiphoid enlargement of the abdominal inci-
sion and were sutured without incident. No iatrogenic
lung injury occurred with the TD approach, similar to
what was described by Jack et al.14 However, in that
study, liver damage was found in 21.4% of patients
with the TD approach, contrary to our study, where
no damage was caused to this organ in any of the
procedures.

LT has been associated with numerous complica-
tions, mainly postoperative pain, lameness, rib frac-
tures and pulmonary trauma.3,14,22 The preservation
of muscular structures has been shown to reduce post-
surgical pain in LT.5,22 Moreover, postoperative pain
seems to be largely associated with potential nerve
entrapment caused by the circumcostal sutures used
to close the thoracic cavity.6 In our study, we decided
not to preserve the latissimus dorsi during the inter-
costal approach because the analysis of postsurgical
pain was not the objective of the study and because
we believed that it would not influence the results
obtained.

Thoracoscopy and VATS have been developed as
alternative techniques to traditional methods of pul-
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monary lobectomy with the aim of reducing surgical
pain and improving postsurgical recovery.11,23–26 How-
ever, they have the disadvantage of being technically
more difficult procedures and economically more
expensive.9–11

TD approaches have previously been used in both
veterinary and human medicine to target intrathoracic
structures. In veterinary medicine, the TD approach
has been shown to be feasible to perform cardiopul-
monary resuscitation,14 for the placement of cardiac
pacemakers12,15,16 or as an approach to perform peri-
cardiectomies in dogs.13 Similarly, this approach has
also been used for lung biopsies in rabbits,27 porto-
azygous shunt attenuation,17 ablation of the chyle
cisterna28 and thoracic duct ligation in dogs.18 In addi-
tion, Calvo et al.29 used this approach in combination
with caudal sternotomy for the removal of a foreign
body that had migrated from the stomach into the
heart.

Along with these examples, it is important to high-
light that, according to Sériot et al.30 and Baudin
Tréhiou et al.,31 82.5% and 90.9%, respectively, of grass
awn foreign bodies migrate into the respiratory sys-
tem by perforating the caudal lobes. The TD approach
could facilitate resolution of the problem in these
cases where the foreign body is positioned in the
apical area of the lobe due to the greater ease of per-
forming a ventral celiotomy instead of an intercostal
approach. In addition, when dealing with grass awn
foreign bodies, it is not uncommon to observe the
abdominal location of the grass awn with a lesion at
some point in the migratory tract, especially at the tho-
racic level in case of inhaled foreign bodies.30,32,33 In
these cases, this technique allows exposure of the cau-
dal thorax and the abdomen through a single incision.
In this way, the morbidity and possible complications
of wounds, recovery times and hospital stays, costs
and postoperative pain can be reduced compared to
a double approach to the thorax and abdomen at the
same time.20,34

Potential disadvantages of the TD approach include
insufficient access to the required portion of the
caudal lung lobe and potential cross-contamination
between the thoracic and abdominal cavities, with
surgical site infection of both at the same time.14 To
date, none of these complications has been described
in clinical cases.

There are limitations in this study that are inher-
ently associated with ex vivo studies. A leak test
after pulmonary lobectomy was not performed. It was
decided not to perform the leak test since our study
was not intended to evaluate the pulmonary lobec-
tomy technique using surgical stapling but rather to
demonstrate that the TD approach is a valid alterna-
tive surgical technique to more traditional techniques
for performing caudal partial pulmonary lobectomy
in canine patients. Another limitation could be the
non-section of the pulmonary ligament in the TD
approach. In a lateral approach, this ligament must be
transected in order to mobilise externally the caudal

lobe for removal.4 In the absence of a previous descrip-
tion of the TD approach for pulmonary lobectomy, we
decided not to section it because we believed that it
would not influence the caudal traction of the lobe.
Future studies would be required to verify whether it
influences the total volume of lung lobe that can be
removed. Despite these limitations, the TD approach
was completed satisfactorily by all three surgeons, who
did not encounter major difficulties in performing it
despite not having performed it previously.

To the best of our knowledge, no previous study
has directly compared the TD approach with a lat-
eral intercostal approach to address caudal lung lobe
pathology. Our study supports the hypothesis of non-
inferiority of TD compared to LT by comparing the
time necessary to complete the surgeries. We also
report the amount of caudal lung lobe able to be
removed via a TD approach in cadavers that weigh
between 15.3 and 39.2 kg. Iatrogenic damage, which
could cause an intraoperative complication in a living
patient, is rare.

In summary, the TD approach could be considered
as a surgical technique to perform a right or left par-
tial caudal pulmonary lobectomy in canine cadavers,
but more research is required prior to its use in live
patients.
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