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Preface

Minimally invasive surgery has great advantages for patients compared to
open surgery. In adrenal surgery, this is no exception. Although the transperi-
toneal laparoscopic approach has become the gold standard since its first
description in 1992, the posterior retroperitoneoscopic approach provides
benefits for both patients and surgeons.

Fifteen years ago, I started using the laparoscopic approach in several dif-
ferent areas, namely colorectal surgery, hepatobiliary surgery, laparoscopic
repair of both ventral and groin hernias, and diaphragmatic hernia repair.
Since 2005, T have also been using minimally invasive surgery to ligate insuf-
ficient lower limbs perforators to heal varicose ulcers. All this has given me a
broader perspective of the advantages of every minimally invasive
technique.

In 2014, I met Professor Dr. Martin Walz and had my first contact with
posterior retroperitoneoscopic adrenalectomy. Not only did I have the oppor-
tunity to work with him, but also learned how to perform posterior retroperi-
toneoscopic adrenalectomy. It was love at first sight, and I immediately
thought this great technique could revolutionize adrenal surgery. This
approach gives direct access to the adrenal gland, has no incursion into the
peritoneal cavity, has minimum risk of viscera injury, and promotes fast
recovery. Despite its advantages, many surgeons do not use it because they
are not familiar with the retroperitoneum space and are not used to the poste-
rior anatomical perspective. This book will change that.

In 2015, T adopted the posterior retroperitoneoscopic adrenalectomy as the
gold standard for adrenal surgery. Since then, I have published data support-
ing the safety and feasibility of this technique, and I have also proved that a
shorter learning curve is possible if surgeons have laparoscopic skills acquired
during other procedures. So, there is no reason for surgeons to keep resisting
the retroperitoneoscopic approach. In several publications, videos, and scien-
tific lectures, I have tried to demystify the technical difficulties described by
some surgeons and contend that learning from an expert is the best way to
begin using a new technique.

All the chapters in this book were written by a group of international spe-
cialists (surgeons and anesthesiologists) with vast experience in the tech-
nique. By sharing their knowledge, they make this book the “expert” a
surgeon needs to initiate the “back door” approach to adrenal tumors.

This book intends to provide all general surgeons and urologists interested
in adrenal surgery with the knowledge they need to start performing posterior
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retroperitoneoscopic adrenalectomy safely and effectively. In an easy-to-
learn format, it presents the reader with information about anatomical key
points, indications for the retroperitoneoscopic approach, possible complica-
tions, and limitations of the technique. A step-by-step description with tips
and tricks will help surgeons start their adventure in the posterior retroperito-
neoscopic approach. The learning curve and the outcomes presented will
show the reader why all general surgeons and urologists should prefer this
minimally invasive technique. This book aims to contribute to make posterior
retroperitoneoscopic adrenalectomy the new gold standard in adrenal
surgery.

Coimbra, Portugal Carlos Eduardo Costa Almeida
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Anatomy of the Adrenal Gland

Teresa Vieira Carogo

and Carlos Eduardo Costa Almeida

1.1 Introduction

The adrenal glands are paired organs located
above the kidneys. Their name derives from the
Latin expression ad renalis, meaning “of the kid-
neys” [1, 2]. They are also occasionally referred
to as “suprarenal glands” [3]. The first descrip-
tion of the adrenal is attributed to Galeno, but it
was only in the sixteenth century that Bartolomeus
Eustachius provided its first complete description
and illustration [2].

Adrenals are complex endocrine structures,
secreting hormones that are essential to maintain-
ing body function. They produce two types of
hormones, each one originating from a different
layer. The outer layer of the adrenal, called cor-
tex, secretes steroid hormones of three major cat-
egories: [1, 3].

1. Mineralocorticoids (aldosterone),
salt and volume homeostasis.

2. Glucocorticoids (cortisol), regulate glucose
usage, as well as both immune and inflamma-
tory homeostasis.

regulate
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3. Androgens (dehydroepiandrosterone sulfate
(DHEANS)), play an important role in fetopla-
cental estrogen synthesis. They also serve as
substrate for peripheral androgen synthesis in
women.

The inner layer, called medulla, is part of the
sympathetic nervous system. It secretes catechol-
amines (epinephrine and norepinephrine), acting
as rapid responses to stress to regulate multiple
physiological parameters, such as cardiac output
[1, 3]. The physiological processes through
which all the hormones are produced fall beyond
the scope of this chapter.

The two distinguished layers of the adrenal
gland have different embryological origins. The
cortex is derived from the mesodermal cells in
the vicinity of the formatting kidney, starting in
the fourth week of gestation, whereas medulla
derives from the ectodermal neural crest cells [1,
2, 4]. The cells from the ectodermal neural crest,
also known as chromaffin cells due to their stain-
ing properties, migrate to the cortex in the sev-
enth week of gestation, and gradually invade it
until achieving their definitive location in the
center of the gland, the medulla. This migration
of cells explains the existence of heterotopic
adrenal glands and paragangliomas, mainly para-
aortic and paravertebral [4].
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1.2  The Adrenal Gland

The adrenal glands are two retroperitoneal
organs, one on the right and one on the left side,
located in the superomedial portion of the kid-
ney [4-7]. The adrenals have a yellow-grayish
color and firm consistency. Although they may
vary in volume, they usually weigh 4-8 g, mea-
sure 4-5 cm in length and 2—4 cm in width. The
right adrenal has a pyramidal/triangular shape,
it is in a higher position over the kidney, and
behind the inferior vena cava (IVC) [8]. The
left adrenal is more semilunar shaped and lies
superiorly and anteromedially to the kidney.
Both glands are surrounded by the perirenal fat
and enclosed in the perirenal fascia, except for
the area of connective tissue that separates them
from the kidney. Fibrous bands attach the
glands to the abdominal wall and diaphragm
[4-6] (Fig. 1.1).

Anatomical Landmarks
and Topographic Anatomy

1.2.1

The adrenal glands are located laterally to each
side of the spine, encased by the 10th, 11th, and
12th ribs on the left, and the 11th and 12th ribs
on the right. The right adrenal is in a lower posi-
tion than the left gland [4, 8]. Both glands are in
close relation with the diaphragmatic crura.
Their anatomical relations are different on each
side, which implies important considerations in
the surgical approach (Fig. 1.1). In both glands,
we can consider an anterior and a posterior sur-
face [4, 5, 7, 8].

e Right adrenal gland—The anterior surface of
the right adrenal contacts with the IVC, sepa-
rated only by a thin layer of fascia and connec-
tive tissue. The IVC is in front and medial to
the adrenal, but it sometimes covers the gland
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Fig. 1.1 Axial plane showing the anatomical relations of both the adrenals
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Fig. 1.2 Sagittal plane crossing the right adrenal gland

entirely [4, 5]. This major vein separates the
anterior surface of the gland from the Winslow
foramen, the second part of the duodenum,
and the head of the pancreas. The lateral upper
part of the anterior surface of the gland is in
close relation with the bare area of the liver,
while the inferolateral part is covered by the
peritoneum, the liver, and hepatic flexure of
the colon [8]. The posterior surface is divided
by a ridge. The superior border rests in contact
with the diaphragm, and the inferior surface is
in contact with the right kidney [4, 5]. The
right adrenal is not close to the renal vessels
due to its high suprarenal position (Fig. 1.2).

Left adrenal gland—Superiorly, the anterior
surface is in close relation with the perito-
neum of the posterior wall of the lesser sac
(omental bursa), which separates the gland
from the spleen and stomach. Inferiorly, the
anterior surface is not covered by peritoneum
but by the body/tail of the pancreas and splenic
vessels (artery and vein). As for the right adre-

=

nal, the posterior surface of the left adrenal
contacts with the diaphragmatic crus [8].
Medially, the left adrenal gland is about 7 mm
away from the aorta. Contrasting with the
right adrenal, the left adrenal lies partially in
front of the kidney and because of that, it is
close to the left renal vein [8] (Fig. 1.3).

In the most medial/inner area of both adrenals

are the splanchnic nerves major and minor and

the semilunar ganglia, as well as the inferior
phrenic artery, bilaterally. In this inner area, the

adrenals are closely united to the prerenal fascia
and therefore, it is very difficult to lift the gland
without opening this fascia [4, 5].

1.2.2 Arterial Supply

The adrenals are highly vascularized organs with

one of the highest flow rates, up to 10 ml/min.
Their vascularization is unique [2, 4, 5]. The arte-
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rial supply derives from three main sources,
being identical on both sides [7, 8] (Fig. 1.4).

1. Superior adrenal arteries: several arteries (usu-
ally one to three) originating from the inferior
phrenic artery, before supplying the diaphragm.

2. Medial adrenal artery: originating directly
from the aorta, above the origin of the renal
artery. It reaches the inner side of the adre-
nal and branches both surfaces of the gland.
On the right side, those rami cross the IVC
in a retrocaval position. This artery is
inconstant.

3. Inferior adrenal artery: originating from the
renal artery, it enters the gland in its inferior
surface.

Besides these three main sources, the adrenal
glands may also be supplied by small arteries
originating from the subcostal and gonadal ves-
sels. There can be up to 50 arterioles, forming a
complex plexus under the adrenal capsule [8].

Colon and greater omentum

1.2.3 Venous Drainage

The venous system has no analogy with the arte-
rial system, and it is not consistent on both sides.
Most of the times, each gland has one single
adrenal vein. Whereas on the right, the major
adrenal vein is short (5 mm) and collects blood
from the gland and drains directly into the IVC,
the left adrenal vein is longer (30 mm), emerges
in the adrenal hilum, and runs inferomedially to
join the inferior phrenic vein, before draining
into the left renal vein [7, 8] (Fig. 1.4). Other
small accessory veins may be found in about
5-10% of patients: on the right side, they may
drain into the IVC, the right hepatic vein, or the
right renal vein, and on the left side, they may
drain into the inferior phrenic vein, or the left
renal vein [8].

Anatomical variations of the right adrenal
vein have been described in 12.8% of patients
[9]; on the contrary, anatomical variations are
rare on the left side. As described above, the
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Fig. 1.4 Vascularization of the adrenal glands

right adrenal vein usually drains into the IVC in
about 87.6% of patients. Possible anatomical
variations are an adrenal vein draining into a
posterior hepatic vein in 1.6% of cases, an adre-
nal vein draining into the IVC just caudal to a
hepatic vein in 6.3%, two adrenal veins draining
into the IVC in 3.1% of patients, or one adrenal
vein draining into the IVC immediately cranial
to the renal vein [9].

1.2.4 Lymphatic Drainage

One lymphatic plexus is found inside the adrenal
capsule, and a second lymphatic plexus is in the
medulla [8]. Both lymphatic plexuses drain to the
renal hilar lymph nodes, paraaortic lymph nodes
near the diaphragmatic crura and renal artery, and
paracaval lymph nodes. Additionally, some lym-
phatic vessels can cross the diaphragm through
small orifices that contain the splanchnic nerves,
and drain into the ductus thoracicus, prevertebral

Inferior vena cava

Inferior phrenic arteries

Left superior adrenal arteries

Left middle adrenal arteries

Left adrenal gland

Left inferior
phrenic vein

Left adrenal vein
Left kidney

Left inferior
adrenal arteries

Left renal artery

Left renal vein

Superior mesenteric
artery

Left renal pelvis
Left gonadal vessels

Left ureter

lymph nodes, and posterior mediastinal lymph
nodes [2-5]. This lymphatic drainage justifies the
location of distant metastases in cases of adrenal
cancer [8].

1.2.5 Innervation

The innervation of the adrenals originates in the
celiac plexus, the renal plexus, and the thoracic
splanchnic nerves [4, 5]. The adrenal plexus can
be grouped in three secondary plexuses, depend-
ing on the origin of the nerve fibers: adrenoceliac
plexus; adrenorenal plexus; adrenodiaphragmatic
plexus [5]. Because the adrenal plexus is found
between the inner aspect of each gland and the
celiac and aortorenal ganglia, they are mainly
preganglionic sympathetic fibers that synapse in
the medullary chromaffin cells. Although in
smaller proportion, postganglionic sympathetic
nerve fibers do exist, to innervate the cortical
blood vessels [4, 5].



6 T. V. Carogo and C. E. Costa Almeida
1.3 Anatomical Considerations adrenal, a greater mobilization of the left kidney
in Posterior will be necessary, comparing to the right side.
Retroperitoneoscopic With regard to PRA, there are some anatomi-
Adrenalectomy cal considerations to be made especially concern-
ing the retroperitoneum and the posterior
Posterior  retroperitoneoscopic  adrenalectomy ~abdominal wall.

(PRA) was first described in 1994 [10-12] and
standardized by Prof. Martin Walz in 2001 [13].
PRA has several advantages over the laparoscopic
approach. Nevertheless, surgeons are usually not
familiar with the posterior anatomical perspective,
the reason why many still prefer the transperito-
neal approach. For PRA, which is a “backdoor”
approach, the patient is positioned in prone posi-
tion and the incisions are made in the back. In this
technique, there is no incursion into the peritoneal
cavity, which decreases the risk of injuries to intra-
abdominal viscera. Whether using a transperito-
neal or a retroperitoneal approach, the anatomy of
the adrenals and their surroundings is the same,
but the surgeon must be aware of the different and
smaller working space in the latter. In their minds,
surgeons must shift from the anterior anatomical
perspective towards a posterior anatomical view.
When entering the retroperitoneum through the
“backdoor” approach, surgeons directly access the
perirenal fascia, the perirenal fat, and the posterior
surfaces of both the kidney and the adrenal gland
(Fig. 1.1).

In a posterior view, the right adrenal gland
covers the posterior surface of the IVC. From this
posterior anatomical perspective, the right adre-
nal vein stands behind the adrenal, between the
gland and the IVC. Dissection and mobilization
of the right adrenal is necessary to conduct a
careful identification and ligation of the right
adrenal vein. On the left side, the left adrenal vein
will be identified in the inferomedial border of
the gland. Due to its anatomical position, dissec-
tion and ligation of the left adrenal vein is much
easier than that of the right adrenal vein (Fig. 1.4).

To dissect the adrenals from the upper pole of
the kidneys, it is necessary to push the kidneys
down. The left adrenal falls in front of the upper
part of the anterior surface of the kidney, which
means that from a posterior perspective, the left
kidney will be in front of the lower pole of the
adrenal. In conclusion, to dissect the entire left

1.3.1 Retroperitoneum
The retroperitoneum is divided into three com-
partments [4]:

e Anterior pararenal space: ascending colon,
descending colon, duodenum, pancreas, and
root of the small bowel mesentery. It is
bounded anteriorly by the posterior parietal
peritoneum and posteriorly by the anterior
perirenal fascia.

e Perirenal space: kidneys, adrenal glands, and
ureters in their upmost part. This space is
delimited by the perirenal fascia. When per-
forming PRA, the surgeon will be working in
this area, after passing the posterior pararenal
space.

e Posterior pararenal space: bounded anteriorly
by the posterior perirenal fascia and posteri-
orly by the posterior abdominal wall muscles,
namely quadratus lumborum, transversus
abdominis, and the thoracolumbar fascia. This
space contains no organs and is the first area
surgeons enter during PRA on their way to the
perirenal space.

These retroperitoneal spaces are separated by
avascular interfascial planes. These spaces and
planes extend through the posterior midline, are
adjacent to the bare area of the liver and hemidia-
phragms, and fuse together in the pelvis. Due to
these features, there is a route for thoracic and
pelvis dissemination (e.g., fluids) [4].

During PRA, the surgeon goes through the
abdominal wall lateral to the lumboiliac area,
passes the posterior pararenal space, and directly
enters the perirenal space. Since there are no
organs in the posterior pararenal space, there is
minimal risk of inadvertent injury to viscera
when preforming the “backdoor” approach.
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1.3.2 Abdominal Wall (Posterior
and Anterolateral)

The abdomen has a superior wall (the dia-
phragm), a posterior wall, and an anterolateral
wall [14]. The aim of this chapter is to provide a
brief description of the muscles compounding the
lumboiliac area and anterolateral wall. An
exhaustive anatomical description falls beyond
the scope of this chapter.

The posterior abdominal wall includes the
spine and two lumboiliac areas. The lumboiliac
area is limited superiorly by the 12th rib, laterally
by the lateral border of the quadratus lumborum,
inferiorly by the iliac crest, and medially by the
spine. This area has three groups of muscles and
is the medial landmark for performing PRA. From
a posterior anatomical perspective, we will
describe the groups from posterior to anterior.
The posterior group contains the latissimus dorsi
muscle and its aponeurosis, the serratus posterior
inferior muscle, and the erector spinae muscle.
The middle group is formed by the posterior
insertion of the transversus muscle aponeurosis
and by the intertransverse processes muscles.
The anterior group lies in front of the transversus
aponeurosis and contains the quadratus lumbo-
rum and the psoas muscles [15]. The thoracolum-
bar fascia is a thin fibrous layer covering all these
muscles, and it is divided in three layers. The
anterior layer covers the quadratus lumborum;
the medium and posterior layers encase the erec-
tor spinae muscle and fuse in a strong raphe at the
lateral border of this muscle. This raphe is joined
by the anterior layer to form the aponeurosis of
the transversus abdominis muscle at the lateral
border of the quadratus lumborum [4]. During
PRA, the lumboiliac area (specially the erector
spinae muscle) is the medial landmark for trocar
positioning.

The anterolateral wall of the abdomen is
formed by the rectus abdominis, the pyramidal,
the transversus abdominis, the internal oblique,
and the external oblique muscles. While perform-
ing PRA, surgeons work only in the posterior half
of the anterolateral wall of the abdomen. This
area has three large muscles (outer to inner):
external oblique muscle, internal oblique muscle,

and transversus abdominis muscle, all separated
by thin layers of cellular tissue. The fascia trans-
versalis covers the deep surface of the transversus
abdominis muscle almost entirely. In the front,
these muscles end in aponeurotic membranes that
encase the rectus abdominis muscles and form
the linea alba in the middle [7, 14].

The superior lumbar triangle, or triangle of
Grynfeltt (Fig. 1.5), is usually pierced by the
medial trocar during PRA. This triangle is
bounded laterally by the posterior border of the
internal oblique muscle, medially by the lateral
border of the spine muscles, and superiorly by
the 12th rib. Sometimes, the triangle becomes
square-shaped if the serratus posterior inferior
muscle covers the angle between the 12th rib and
the spine muscles. In this triangle, the transversus
abdominis aponeurosis is directly covered by the
latissimus dorsi muscle [7, 15]. The triangle of
Grynfeltt is a point of weakness of the abdominal
wall and an area of herniation. Because the
medial half of the triangle is covered anteriorly
by the quadratus lumborum, the true weak point
is the lateral half, where the transversus abdomi-
nis aponeurosis is perforated by vessels and
nerves [15].

The inferior lumbar triangle, or triangle of
Petit (Fig. 1.5), is another area of weakness and
herniation that can be found when the latissimus
dorsi muscle does not extend to the external
oblique muscle. The boundaries of this triangle
are the posterior border of the external oblique
muscle, laterally, the latissimus dorsi, medially,
and the iliac bone, inferiorly [7, 15]. The triangle
of Petit is not usually punctured during PRA.

The blood supply of the posterior abdominal
wall derives from dorsal branches of the intercos-
tal arteries, lumbar arteries, and lateral sacral
arteries [4]. Important vessels of the anterolateral
wall are the superior and inferior epigastric ves-
sels, and the deep circumflex iliac vessels. There
are also some non-significant ramifications of
intercostal and lumbar vessels [14]. When per-
forming PRA, there is no risk of causing injury to
any of these vascular structures.

The skin of the back is innervated by the pos-
terior rami of the spinal nerves. Midline posterior
incisions may cause temporary peri-incisional
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Fig. 1.5 Posterior view of the abdominal wall muscles and nerves. The projection of the adrenals protected by the

lower ribs is shown

numbness, which will disappear over time like
elsewhere in the body [4]. The intercostal nerves
are the ventral (or anterior) rami of the spinal
nerves. They run along the inferior border of the
ribs, below the intercostal artery, originating
muscular branches for the intercostal muscles,
and cutaneous branches (lateral and anterior). In
front of the mid-axillar line, the lateral cutaneous
branch perforates the intercostal muscles and
emerges from the abdominal wall muscles to
innervate the teguments [16]. The intercostal T12
nerve is subcostal, not intercostal. It runs along
the inferior border of the 12th rib, initially in
front of the quadratus lumborum, and then it goes
between the transversus abdominis and the inter-
nal oblique muscle [14, 16]; afterwards, it fol-
lows the same distribution of other intercostal
nerves. The lateral cutaneous branch of the inter-
costal T12 nerve arises near the border of the
quadratus lumborum, perforates the abdominal
wall muscles, and becomes subcutaneous at the
level of the middle part of the iliac crest; it origi-
nates several branches responsible for sensory
innervation of the teguments over the hip and the

gluteal region [16]. Care must be taken with hori-
zontal incisions and large bites of suture which
can encase or transect the nerves supplying motor
innervation, rising the risk for hernias or pseudo-
hernias [4].

Figure 1.5 illustrates the posterior abdominal
wall, the posterior half of the anterolateral wall,
and the relative position of the kidneys and adre-
nals in front of the muscles. The adrenals are pro-
tected by the 10th, 11th, and 12th ribs. When
entering the retroperitoneum below the 12th rib,
care must be taken to avoid injury to the intercos-
tal nerve T12 and the consequent abdominal wall
relaxation and/or hypoesthesia. The anatomical
position of the gland is what dictates how we
place the trocars in the “backdoor” approach (see
Chap. 7). In PRA, the muscles of the abdominal
wall that are crossed through are the latissimus
dorsi, the external oblique, the internal oblique,
and the transversus abdominis. The paravertebral
muscles as the erector spinae and quadratus lum-
borum are usually not injured during the proce-
dure, as they are the limit for the medial trocar
placement.
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Indications for Adrenalectomy

Carlos Serra

2.1 Introduction
The history of adrenal surgery dates back to
1914, when Perry Sargent performed the first
planned adrenalectomy, followed by Charles
Mayo in 1927 with the first flank approach to
pheochromocytoma [1].

Laparoscopic adrenalectomy, described for the
first time by Gagner, in 1992, rapidly became the
gold standard for treating benign adrenal pathol-
ogy [2]. As experience in this surgery increased,
even some malignant diseases are amenable to
laparoscopic resection without compromising the
oncological outcome and having the benefits of
the minimally invasive procedure [1].

In its current approach by Martin Walz, poste-
rior retroperitoneoscopic adrenalectomy (PRA)
was worldwide popularized as an effective alter-
native to laparoscopic adrenalectomy. This tech-
nique adds the advantages of the prior posterior
approach with those of minimally invasive sur-
gery, namely a more direct approach to the retro-
peritoneum and a simple access to the adrenal
gland without the need to mobilize intra-
abdominal organs [3]. Differently from transperi-
toneal laparoscopic adrenalectomy (TLAdr),
where the working space is immediately obtained

C. Serra (<)

General Surgery, Hospital dos SAMS,
Lisbon, Portugal

e-mail: carlos.serra@sams.pt

with gas insufflation, in PRA, the working space
must be created [4]. All indications for laparo-
scopic adrenalectomy are nowadays also indica-
tions for the posterior retroperitoneoscopic
approach [5]. Posterior approach has obvious
advantages in patients with multiple prior abdom-
inal surgeries since it provides an adhesion-free
surgical field.

In general terms, there are two indications for
the surgical removal of the adrenal glands: malig-
nancy (or suspicion of malignancy) and hormonal
overproduction caused by an adrenal tumor. Even
though malignant adrenal tumors, especially
adrenocortical tumors, are usually treated with
open surgery, malignancy is not an absolute con-
traindication for minimally invasive surgery.

In this chapter, we describe the indications for
adrenalectomy, emphasizing the advantages and
disadvantages of PRA in contrast with the more
common TLAdr.

Posterior
Retroperitoneoscopic
Adrenalectomy

in Overproduction Adrenal
Syndromes

2.2

Overproduction adrenal syndromes can affect
any of the hormones produced by the adrenal
glands: aldosterone, cortisol, catecholamines, or
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sexual hormones. Overproduction of sexual hor-
mones is usually associated with malignancy so it
will be described in that section.

Excessive Production
of Aldosterone:
Hyperaldosteronism

2.2.1

Aldosterone, the major mineralocorticoid steroid
hormone, is secreted from zona glomerulosa of
the adrenal cortex, and its primary effect is the
uptake and retention of sodium and water, with
potassium and hydrogen excretion acting in the
distal convoluted tubules of kidney, gastrointesti-
nal mucosa, salivary and sweat glands [6].
Hyperaldosteronism may be classified as primary
or secondary, depending on the underlying causes
(Table 2.1).

Primary aldosteronism (PA)—Conn’s syn-
drome—represents the autonomous secretion of
aldosterone from either one or both adrenal
glands, independent of its primary regulators:
angiotensin II, hyperkalemia, and adrenocortico-
tropic hormone (ACTH) [7]. The first description
of the disease was written by Jerome W. Conn in
1955 [8].

PA is the most common cause of endocrine
hypertension, with a prevalence of 6% in the gen-
eral hypertensive population and 12% in severe
cases of hypertension. It carries an increased risk
of adverse health outcomes, which justifies
screening of risky patients (Table 2.2), and an
aggressive normalization of aldosterone [7].
Classic manifestations of PA include hyperten-
sion, hypokalemia, and metabolic alkalosis [9].

The most recommended screening test for PA
is the Aldosterone/Renin Ratio (ARR) measured
under standard conditions, with a value >30 ng/dl
considered positive (with serum aldosterone
level > 15 ng/dl) [7]. A positive screening test
must be confirmed by one of the four confirma-
tory tests: oral sodium loading, saline infusion,
fludrocortisone suppression, or captopril chal-
lenge [7].

PA may be caused by unilateral involvement,
an aldosterone-producing adenoma (APA), which
is considered a surgically curable disease, or

Table 2.1 Causes of hyperaldosteronism

Causes of primary hyperaldosteronism

Aldosterone-producing adenoma 35%
Bilateral idiopathic adrenal hyperplasia 60%
Primary unilateral adrenal hyperplasia 2%
Pure aldosterone-producing adrenocortical <1%
carcinoma

Familiar aldosteronism <1%
Type 1—Glucocorticoid remediable <2%
Type 2—Familiar aldosteronism or

hyperplasia

Ectopic aldosterone-producing adenoma/ <0.1%

carcinoma

Causes of secondary hyperaldosteronism

Edema disorders
1. Cardiac failure
2. Liver failure / cirrhosis
3. Nephrotic syndrome
States of reduced renal perfusion
1. Renal artery stenosis
2. Advanced atherosclerosis
3. Malignant hypertension
Renin-producing tumors

Pregnancy

Table 2.2 Indications for screening for primary
hyperaldosteronism

Early onset of hypertension (< 20 years)

Hypertension resistant to two or more antihypertensive
drugs

Severe hypertension (systolic bp > 160 or diastolic

bp > 100 mmHg)

Hypertension with spontaneous hypokalemia (or
secondary to low-dose diuretic)

Adrenal incidentaloma

Evaluation for secondary causes of hypertension

Familiar history of hypertension and primary
hyperaldosteronism

bilateral involvement (idiopathic adrenal hyper-
plasia), considered non-amenable to surgical
cure. Recent studies have reported new variants
of surgically treatable PA, including diffuse or
nodular unilateral hyperplasia [10].
Distinguishing between bilateral or unilateral
hypersecretion is crucial since only the latter is
amenable to surgical cure. For this purpose, sev-
eral techniques can be used: adrenal venous sam-
pling (AVS), magnetic resonance imaging (MRI),
computed tomography (CT), and adrenocortical
scintigraphy [7]. AVS is an invasive procedure,
with a low risk of complications (0.6%) for



2 Indications for Adrenalectomy

13

skilled radiologists, and a failure rate between 3
and 22%, yet superior to image-based techniques
for surgical decision, namely identifying non-
nodular unilateral hyperplasia [11].

Surgery is the treatment of choice in APA or
other unilateral PA variants, since it provides the
best blood pressure control, with an increase in
patients’ quality of life [7]. Minimally invasive
surgery, either by transperitoneal (laparoscopic)
or retroperitoneal approach, is, nowadays, the
most popular strategy to treat patients with uni-
lateral PA [7].

Hypokalemia is resolved in nearly all patients
with APA after unilateral adrenalectomy.
Hypertension is cured (no need for medication)
in 30-35% of APA patients after unilateral adre-
nalectomy or subtotal resections, although hyper-
tension improves in about 90% of them [12].
Some preoperative factors increase the likelihood
of resolution of hypertension: fewer than three
antihypertensive medications, younger age,
female gender, shorter duration of hypertension,
and lower body mass index (BMI) [12].

According to two meta-analyses comparing
transperitoneal and retroperitoneal adrenalec-
tomy, both techniques have similar outcomes,
though a third meta-analysis claimed better short-
term outcomes for the retroperitoneal approach
(RA) [13]. Characteristics of patients and adeno-
mas associated with Conn’s syndrome make this
disease particularly amenable to RA:

e patients are usually thin, without the amount
of retroperitoneal fat associated with other
adrenal diseases, which facilitates dissection.

e Conn’s adenomas are generally small lesions,
with dimensions that do not create the lack of
space problems associated with bigger tumors.

As the most dissuasive arguments used against
PRA are the absence of obvious anatomical land-
marks in the retroperitoneal space, caused by the
great amount of fat and the short working field,
patients with PA are ideal for the PRA-initiating
surgeon after proper training and mentoring.
Some patients with APA are amenable to partial
adrenalectomy, without compromising the out-
come. Indications for partial adrenalectomy will
be discussed in another section of this chapter.

2.2.2 Excessive Production
of Glucocorticoids: Cushing’s
Syndrome

Since its first description by Harvey Cushing, in
1932, Cushing’s syndrome or hypercortisolism
has been a complex disease presenting diagnos-
tic and therapeutic dilemmas [14]. Cushing’s
syndrome (endogenous hypercortisolism) is
characterized by increased levels of circulating
glucocorticoids and can be divided into two
types [15]:

* ACTH dependent, caused by pituitary or ecto-
pic ACTH secretion, representing the majority
of patients

* ACTH independent, due to an autonomous
adrenal excessive production of corticoste-
roids from zona fasciculata, which accounts
for 20-30% of patients with endogenous
hypercortisolism (10-15% adenomas, 5-10%
carcinomas, 5% hyperplasia) [15]

Endogenous hypercortisolism is a rare condi-
tion (approximately 3.2 cases per million people/
year), which usually occurs in adults and mainly
in women [16]. The most common cause of
endogenous hypercortisolism is a pituitary tumor
secreting ACTH (Cushing’s disease). Small-cell
lung cancer is the most common source of ecto-
pic ACTH secretion [17].

Cushing’s syndrome is a debilitating disease,
lethal if untreated (death rate is 51% at 5 years)
[18]. Most common causes of death are infec-
tions, cerebrovascular accidents, pulmonary
emboli, and myocardial infarction [18]. A com-
plex mechanism controls glucocorticoid secre-
tion involving the hypothalamus (secreting
corticotropin  releasing hormone), pituitary
(secreting ACTH), and adrenal glands [14].
Clinical features of Cushing’s syndrome include
truncal obesity and limb muscle wasting, facial
plethora, hirsutism, menstrual disorders, myopa-
thy, striae, acne, psychological symptoms, con-
gestive heart failure, hypertension, and secondary
diabetes mellitus [19]. Mild autonomous hyper-
cortisolism without clinical signs of cortisol
excess, which is typically discovered in the con-
text of an adrenal incidentaloma—subclinical



14

C.Serra

Cushing’s syndrome—may be associated with
hypertension and impaired glucose tolerance (see
Sect. 2.4 of this chapter).

Upon clinical suspicion, biochemical investi-
gations are necessary to confirm the diagnosis,
after excluding excessive exogenous glucocorti-
coid exposure in a close collaboration with
endocrinology [17]. Initial steps should include
more than one of the screening tests:

» Late night salivary cortisol
e Urinary free cortisol
e Overnight dexamethasone suppression test

(I' mg)

After confirming the overproduction of corti-
sol (and the loss of the normal circadian pattern
of secretion), ACTH serum levels will indicate
the etiology (pituitary or ectopic—ACTH depen-
dent; adrenal—ACTH independent) [20].

For ACTH-dependent hypercortisolism, it is
mandatory to distinguish between pituitary and
ectopic origin. A high dose dexamethasone sup-
pression test could be conducted, as well as an MRI
of the pituitary gland and a chest CT scan [19]. An
abdomen CT scan or MRI is necessary in all cases
of ACTH-independent hypercortisolism.

The morbidity and mortality associated with
Cushing’s syndrome justifies that surgical treat-
ment is indicated in the majority of patients, either
pituitary (for pituitary adenomas—Cushing’s dis-
ease) or adrenal [19]. Normalization of cortisol
production is the most efficient way to improve
and cure hypercortisolism-related comorbidities,
despite the possibility that those complications
persisting after Cushing’s syndrome have been
cured [21]. Indications for adrenalectomy in the
context of Cushing’s syndrome include unilateral
adrenal diseases, bilateral macronodular hyperpla-
sia, primary pigmented nodular adrenocortical dis-
ease (PPNAD), failure after pituitary surgery, and
in some cases of irresectable or metastatic ACTH
secreting tumors [22]. Adrenal adenoma is a
benign tumor of cortical cells which usually does
not exceed 5 cm. Larger lesions suggest carcinoma
[14]. The possibility of malignancy must be always
present, since adrenocortical carcinoma (ACC)
may secrete cortisol, and features of malignancy
(invasion, lymph node involvement, distant metas-

tasis) may not be obvious. Malignancy is not an
absolute contraindication for laparoscopic or ret-
roperitoneoscopic surgery, but usually an open
approach is the best option for those aggressive
tumors [14, 22].

Surgical treatment of unilateral adrenal tumors
is straightforward using minimally invasive sur-
gery with cure rates of nearly 100%. After adre-
nalectomy, it is expectable that all patients
develop adrenal insufficiency due to contralateral
adrenal atrophy caused by the prolonged ACTH
suppression. The hypothalamus-pituitary-adrenal
axis usually recovers in 18-30 months.
Meanwhile, hydrocortisone reposition is manda-
tory at an initial dose of 12-15 mg/m?%day [17].

Primary bilateral macronodular hyperplasia
(PBMH) is a rare condition that is more common
in children. Bilateral adrenalectomy is the stan-
dard treatment for PBMH, with a significant
advantage over pharmacological therapies, despite
the resulting definitive adrenal insufficiency. Since
the intrinsic steroidogenic capacity of adenoma-
tous cells in PBMH is limited, unilateral adrenal-
ectomy may be also effective in controlling cortisol
rates. In this case, a straight follow-up is manda-
tory to check for recurrences [17].

For PPNAD, bilateral adrenalectomy is the
treatment of choice in bilateral glandular disease.
However, selected patients with mild phenotype
may benefit from unilateral adrenalectomy or
even partial adrenalectomy, as reported by Walz
et al. and Tacoboni et al. [23, 24].

Bilateral adrenalectomy is a second-line treat-
ment of Cushing’s disease, in patients not suit-
able for pituitary surgery or after failure of the
surgical treatment. As previously mentioned,
bilateral adrenalectomy has the advantage of a
rapid cortisol reduction, which must be balanced
with the need of permanent glucocorticoid and
mineralocorticoid reposition [17].

Surgical resection of ACTH secreting tumors
may not be possible in all cases because of local
invasion or metastatic disease. In that scenario,
bilateral adrenalectomy may be necessary for
hypercortisolism control [17].

Bilateral adrenalectomy performed to control
hypercortisolism in ACTH-dependent Cushing’s
syndrome achieves clinical remission in more
than 95% of cases, and an improvement of health-
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related quality of life in 82 to 89% of patients.
Surgical morbidity and mortality are 18% and
3%, respectively [22]. In Nelson’s syndrome, a
condition characterized by corticotropic tumor
growth that may develop in patients with
Cushing’s disease after bilateral adrenalectomy,
doctors must actively seek and control both a
gradually increasing serum ACTH and skin pig-
mentation [22].

In 1990, the surgical treatment of Cushing’s
patients was historically associated with non-
neglectable rates of morbidity and mortality of
7-13% and 2.3%, respectively [25]. Those rates
decreased dramatically with the advent of mini-
mally invasive surgery, which is a safe procedure,
either performed by laparoscopy or by retroperi-
toneoscopy [25]. In a study of 170 patients sub-
mitted to retroperitoneoscopic adrenalectomy
(13 bilateral) for Cushing’s syndrome, Alesina, a
member of the Essen pioneer group headed by
Martin Walz, reported no mortality or major mor-
bidity, and an incidence of minor complications
of 5.3%. Mean operative time was 53 + 36 min-
utes and 99.4% of patients were cured. Only 10%
of the patients needed Intensive Care Unit (ICU)
support in postoperative period. Operative time
and morbidity compare favorably with laparo-
scopic approach [25]. Retroperitoneoscopic adre-
nalectomy has another important advantage over
laparoscopic surgery—the possibility of simulta-
neous bilateral surgery, with two surgical teams
working at the same time, without patient mobili-
zation, thus reducing operative time [25].

As the laparoscopic approach has made adre-
nalectomy for Cushing’s syndrome a safer thera-
peutic option, the new possibilities provided by
PRA may represent a further improvement in the
treatment of this pathology.

2.2.3 Excessive Production
of Catecholamines:
Pheochromocytoma
and Paraganglioma

A pheochromocytoma is a tumor arising from
adrenomedullary chromaffin cells that commonly
produce one or more catecholamines: epineph-
rine, norepinephrine, and dopamine. These

tumors are rarely biochemically silent [26]. A
paraganglioma is a tumor derived from extra-
adrenal chromaffin cells of the sympathetic para-
vertebral ganglia of thorax, abdomen, and pelvis.
Paragangliomas can also arise from parasympa-
thetic ganglia located along the glossopharyngeal
and vagal nerves in the neck and at the base of the
skull [26]. About 80-85% of chromaffin-cell
tumors are pheochromocytomas, whereas
15-20% are paragangliomas [26].

The pheochromocytoma was first described in
1886 by Felix Frankel and owes its name to
Ludwig Pick in view of its staining with chro-
mium salt: dusky (phaios) color (chroma) [27,
28]. Pheochromocytoma and paraganglioma
(PPGL) are rare tumors, with annual incidence of
1-300,000 habitants in the United States, repre-
senting 0.2 to 0.6% of the adults with hyperten-
sion and 1.7% of hypertensive children, there not
being a difference in terms of gender, and a mean
age at diagnosis of 55 years in sporadic cases.
Hereditary pheochromocytomas are usually diag-
nosed earlier in life [29]. Pheochromocytomas
represent 5% of the incidentally discovered adre-
nal masses [29]. Pheochromocytomas may occur
sporadically or as part of hereditary syndrome.
According to the latest studies among patients
with non-syndromic pheochromocytoma, up to
24% of tumors may be hereditary, which chal-
lenges the ancient 10% rule of pheochromocy-
toma (10% malignant, 10% bilateral, and 10%
extra-adrenal) [30].

Hereditary pheochromocytoma is associated
with multiple endocrine neoplasia type 2
(MEN-2A or MEN-2B), neurofibromatosis type
1 (NF-1), von Hippel-Lindau (VHL) syndrome,
and familial paragangliomas and pheochromocy-
tomas due to germline mutations of genes encod-
ing succinate dehydrogenase subunits B, C, and
D (SDHB, SDHC, SDHD). In general, the traits
are inherited in an autosomal dominant pattern
[30]. Hereditary pheochromocytomas and para-
gangliomas have major probability of being bilat-
eral, multifocal, extra-adrenal, or malignant [26].
Malignancy is defined by local invasion or distant
metastasis. Tumor size larger than 5 cm, lympho-
vascular or capsular invasion, and increased Ki67
proliferation index are associated with an
increased risk of malignancy [26].
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Excessive secretion of catecholamines has
noxious effects on the organism leading to an
important increase in morbidity and mortality in
non-treated patients [26]. PPGL patients can be
symptomatic or asymptomatic. Main signs and
symptoms of catecholamine excess include
hypertension (sustained or episodic), which
occurs in more than 90% of the cases, palpita-
tions, headache, sweating, and pallor. Presentation
depends on the predominant catecholamine
secreted: tumors secreting noradrenaline tend to
cause sustained hypertension, whereas tumors
secreting adrenaline and noradrenaline often
cause episodic hypertension. Only rarely do
dopamine secreting tumors cause hypotension
[30]. Less common signs and symptoms include
fatigue, nausea, weight loss, constipation, flush-
ing, and fever [30]. According to the degree of
catecholamine excess, patients may suffer myo-
cardial infarction, arrhythmia, stroke, or other
vascular presentations (e.g., any organ ischemia).
Similar signs and symptoms are produced by
numerous other clinical conditions and, there-
fore, pheochromocytoma is often referred to as
the “great mimic” [30].

Diagnosis of PPGL relies on biochemical evi-
dence of catecholamine production by the tumor.
Biochemical testing should be performed in
symptomatic patients, patients with an adrenal
incidentaloma, and those with a hereditary risk of
developing a pheochromocytoma or paragangli-
oma [30]. Catecholamines are metabolized
within chromaffin cells to metanephrines (nor-
epinephrine to normetanephrine and epinephrine
to metanephrine, respectively) [26].
Measurements of fractionated metanephrines in
urine or plasma provide superior diagnostic sen-
sitivity over measurement of the parent catechol-
amines [26]. Values four times higher than the
upper limit of normal are diagnostic of a func-
tioning pheochromocytoma or paraganglioma.
False positive results due to medications, clinical
conditions, or inadequate sampling conditions
must be excluded. In patients with plasma meta-
nephrine above the upper reference limit but less
than four times above that limit, a clonidine sup-
pression test combined with measurements of

plasma catecholamines and normetanephrine
may prove useful [26].

A positive test must be followed by abdominal
imaging since the abdomen is the most probable
localization. Both CT and MRI have excellent
sensitivity (90-100%) in detecting catecholamine
producing tumors with a good specificity (70—
80%), especially for tumors >1 cm [26, 30].
Extra-adrenal lesions may occur anywhere along
the sympathetic chain and may need investigation
with cervical ultrasound, chest-abdomen-pelvis
CT, or MRI [26, 30]. Functional imaging uses dif-
ferent methods of nuclear medicine and is indi-
cated for incidental lesions highly suspicious for
PPGL with inconclusive biochemical testing,
young patients, assessment of regional extension
or multifocality, exclusion of metastases and in
syndromic disease (MEN 2 A/B, VHL, NFI,
SDH-mutation) [26]. These include metaiodoben-
zylguanidine (MIBG) scan/scintigraphy, positron
emission tomography (PET) with 18-fluorodihy-
droxyphenylalanine (FDOPA), 18-fluorodopa-
mine (FDA), 18-fluorodeoxyglucose (FDG), and
PET with radiolabeled dodecane tetraacetic acid
(DOTA) peptides [26]. Unequivocal biochemical
evidence with typical adrenal imaging does not
require functional imaging [26].

In proven evidence of pheochromocytoma
and/or paraganglioma, surgical indication is gen-
erally given to all patients fit for surgery, due to
the cardiovascular morbidity and mortality of
uncontrolled catecholamine secretion, as well as
to local tumor growth and malignant potential. In
metastasized PPGL, surgery aims to prevent local
complications, reduce hormone production, and
improve successive therapeutic measures [31]. In
some metastatic tumors, even debulking of the
lesion can help control the symptoms [31]. Due
to the high incidence of bilateral adrenal disease
in hereditary pheochromocytoma, partial adre-
nalectomies are advocated in these patients,
thereby avoiding morbidity associated with med-
ical adrenal replacement. It remains controversial
whether partial adrenalectomies should be con-
sidered in patients with a sporadic unilateral
pheochromocytoma. However, open surgical
approaches could still be necessary in selected
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patients with locally invasive or malignant disease
[30, 31]. The first adrenalectomies for pheochro-
mocytoma were performed in 1926 by Roux, in
Lausanne, and by Charles Mayo, in Rochester [32].

Even after the widespread dissemination of
laparoscopic adrenalectomy, minimally invasive
surgery for pheochromocytoma was met with
some reservation due to concerns of adverse
hemodynamic sequelae resulting from pneumo-
peritoneum and gland manipulation, as well as
due to the technical challenges involved in
removing these highly vascular and generally
large tumors [33]. However, after several studies,
minimally invasive approach for pheochromocy-
toma was deemed safe, effective, and resulting in
decreased postoperative pain and shorter hospital
stays when compared with open adrenalectomy
[33]. Open surgical approaches could still be nec-
essary in selected patients with locally invasive
or malignant disease. Most position statements
also recommended an open approach for tumors
>6 cm, ensuring complete tumor resection, pre-
venting tumor rupture, and avoiding local recur-
rence [31]. As abdominal paragangliomas have
more propensity to be malignant, most authors
recommend the open approach, but a minimally
invasive approach can be performed for small,
noninvasive paragangliomas in surgically favor-
able locations [31].

Current recommendations for patients under-
going surgery for PPGL suggest preoperative
a-blockage to prevent perioperative hypertensive
crisis. In selective cases with no hypertension or
cardiovascular risk factors, preoperative block-
age may be omitted [31]. Phenoxybenzamine
(o-adrenoceptor blocker) is commonly used for
preoperative control of blood pressure (10-20 mg
twice daily for 10-14 days). Alternatives to
phenoxybenzamine for preoperative blockade
include calcium channel blockers and selective
competitive ol-adrenoceptor blocking agents,
such as terazosin and doxazosin, which have
shorter half-lives and lower the risk for postop-
erative hypotension. A p-adrenoceptor blocker
may be used for preoperative control of tachyar-
rhythmias or angina. However, loss of
p-adrenoceptor-mediated vasodilatation in a

patient with unopposed catecholamine-induced
vasoconstriction can result in dangerous increases
in blood pressure. Therefore, (B-adrenoceptor
blockers should never be employed without first
blocking a-adrenoceptor-mediated vasoconstric-
tion [26]. Volume contraction associated with
chronic vasoconstriction may occur in patients
with PPGL. Recent works by Groeben et al.,
from the Essen group, suggest that preoperative
blockage may not be necessary and can even be
associated with an increased rate of complica-
tions [34, 35]. Saline infusion or increased water
intake is recommended to expand volume and
reduce postoperative hypotension [26].

There are no data regarding any difference in
recurrence rate after open vs minimally invasive
adrenalectomy. Mortality rate is about 1%, and
the conversion rate and transfusion rate are about
5% (rate of conversion to open is influenced by
tumor size and surgeon experience). Because
pheochromocytomas are rare, a prospective ran-
domized study comparing open with minimally
invasive surgery is unlikely [26].

When performing a partial adrenalectomy, it
is necessary to preserve 1/3 of the gland to main-
tain sufficient cortical function. Adrenal vein
preservation is not necessary if this amount of
normal adrenal is kept [27]. Alesina et al., in a
series of 66 patients with bilateral pheochromo-
cytomas treated by retroperitoneoscopic cortical-
sparing  adrenalectomy (32  synchronous
surgeries), reported a cortisol-free postoperative
course in 60 patients (91%), with one persistence
disease needing reoperation, and no recurrences
or mortality. Those results confirm the efficacy of
retroperitoneoscopic adrenalectomy in the treat-
ment of this disease [27].

A potential advantage of the retroperitoneo-
scopic approach (RA) over the transperitoneal
laparoscopic approach (TLA) in bilateral adre-
nalectomy is the possibility of resecting both
left and right glands simultaneously, as there is
no need to change the patient’s positioning,
which shortens operative time. Studies compar-
ing TLAdr with PRA for pheochromocytoma
have concluded that both are safe and effective
approaches. However, PRA results in decreased
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operative times, less blood loss, and lower post-
operative length of stay [36]. RA is also suit-
able for children and adolescents with
pheochromocytomas or retroperitoneal para-
ganglioma, as reported by Walz et al. in a series
of 42 patients [36].

2.3  Posterior
Retroperitoneoscopic
Adrenalectomy in Adrenal
Malignancies

2.3.1 Adrenocortical Carcinoma

Adrenocortical carcinoma (ACC) is a rare tumor
affecting 1 to 2 patients per million inhabitants,
representing 0.2% of all cancer deaths in the
United States [37, 38]. In Southern Brazil, the
incidence during childhood is 2.9 to 4.2 per mil-
lion per year, compared with an estimated inci-
dence of 0.2 to 0.3 per million children per year
worldwide, which can be mainly attributed to the
high prevalence of the p.R337H low-penetrance
allele of 7P53 [37]. There are two peaks of
increased incidence: in childhood and at
50-55 years, with a slight prevalence in females
(ratio female/male ranges from 1.5-2.5:1) [37].

In 2% to 10% of ACC patients, a contralateral
tumor is present, either representing a synchro-
nous or a metachronous ACC, making it difficult
to determine whether the contralateral tumor is
an independent primary tumor or a metastasis to
the contralateral gland [37].

Some data suggest a genetic predisposition
[37]. Germline TP53 mutations are the underly-
ing genetic cause of ACC in 50% to 80% of
children with ACC [37]. Childhood ACC is a
core malignancy of Li-Fraumeni Syndrome
(LFS). Other core cancers are choroid plexus
tumors, sarcomas, early-onset breast cancers,
brain cancers, and leukemias [38]. Because of
the impact of a diagnosis of LFS for the patient
and at-risk relatives, TP53 germline testing
should be considered in all ACC patients [37].
ACC patients usually present one of three sce-
narios [37]:

e symptoms and signs of hormone excess
(40-60%)

e nonspecific symptoms due to local tumor
growth, such as abdominal or flank pain,
abdominal fullness, or early satiety (30%)

 incidental finding (20-30%)

Hypercortisolism is the most common presen-
tation in patients with hormone excess (50%—
80% of hormone-secreting ACCs), causing the
classic signs and symptoms of plethora, muscle
weakness/atrophy, diabetes mellitus, and osteo-
porosis. It is also common that high cortisol lev-
els in ACC saturate the renal HSD11B2 system,
resulting in glucocorticoid-mediated mineralo-
corticoid receptor activation. Therefore, hypoka-
lemia and hypertension are commonly observed
in ACC patients with hypercortisolism. When
combined with pronounced muscle weakness,
these symptoms of rapidly progressive Cushing’s
syndrome are generally indicative of a malignant
adrenal tumor [37]. The second most produced
hormones in patients with ACC are adrenal
androgens (40-60% of hormone-secreting
ACCs), causing rapid-onset male pattern bald-
ness, hirsutism, virilization, and menstrual irreg-
ularities in women. Concurrent androgen and
cortisol production is frequent (half of hormone-
secreting ACC) [37]. Estrogen production occurs
in 1-3% of male ACC patients, causing gyneco-
mastia and testicular atrophy (through suppres-
sion of the gonadal axis) [37]. Autonomous
aldosterone secretion is rare in ACC [37]. At the
time of presentation, ACCs are frequently large
tumors, measuring on average 10 to 13 cm. Only
a minority of tumors are <6 cm (9—-14%), with
only 3% presenting as lesions <4 cm [37].

The European Network for the Study of
Adrenal Tumors (ENSAT) defined a staging sys-
tem for ACC that became widely adopted [39].
The ENSAT staging system defines 4 stages.
Stage 1 (<5 cm) and stage 2 (>5 cm) tumors are
confined to the adrenal gland. Stage 3 tumors
extend into surrounding tissue (para-adrenal adi-
pose tissue or adjacent organs) or involve locore-
gional lymph nodes. Stage 4 is reserved for
patients with distant metastasis [39]. Data from
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more than 400 patients collected by the Michigan
Endocrine Oncology Repository reported the fol-
lowing mean stage at diagnosis: stage 1, 14%;
stage 2, 45%; stage 3, 27%; and stage 4, 24%.
The most common metastatic sites are lung (40—
80%), liver (40-90%), and bone (5-20%) [37].

Initial evaluation upon diagnosis must include
a physical examination and patient clinical his-
tory with particular emphasis on symptoms and
signs of hormone excess. A focus on family his-
tory is important to identify possible hereditary
contributions [37, 40]. A basic biochemical eval-
uation, which includes creatinine, liver function
tests, and a complete blood count should also be
performed, as these values may guide further
therapy and disease management [31]. The initial
hormonal evaluation is essential and must include
a dexamethasone suppression test, cortisol levels,
24-hour urine free cortisol, ACTH, dehydroepi-
androsterone sulfate (DHEAS), testosterone,
aldosterone, renin, metanephrine, and normeta-
nephrine [31, 37]. Patients who have lesions with
features suspected of malignancy, as well as
patients with signs and symptoms suggestive of
sex hormone excess, should have estradiol,
DHEAS, and testosterone levels measured [31,
37]. Staging should also include a CT or an MRI
of the abdomen and pelvis, and a chest CT scan.
Other imaging should be guided by clinical sus-
picion (e.g., bone scan for skeletal metastasis)
[31, 37].

Though ACC prognosis is poor, there is a
marked individual variation in disease progres-
sion, recurrence, and overall survival. Even in
patients with stage 4 disease, survival ranges
from a few months to several years [31, 37, 38].
Nowadays, the only curative therapeutic for ACC
is complete tumor resection. Adjuvant therapies
aim only to decrease the chance of recurrence
and all therapy of unresectable or metastatic ACC
must be considered palliative [31, 38].

Appropriate preoperative evaluation, opera-
tive planning, and a surgical team experienced in
adrenal resections are essential to achieve the
best outcomes [37]. Unfortunately, most patients
with ACC are operated outside reference centers
and global results may reflect this lack of exper-
tise [37]. After a thorough medical evaluation,

nearly 25% of stage 3 tumors were preoperatively
underestimated as stage 2 [37]. Surgery for stage
4 should be individually decided [31, 37].
Patients with distant metastatic disease in
multiple organs, and patients with non-resectable
multiple metastatic deposits in one organ, should
not be submitted to adrenalectomy [31, 38].
Other options must be considered, such as exter-
nal beam radiation for palliation, with other
adjuncts to improve local symptoms, and better
control hormone excess. A tumor thrombus
within the vena cava is not a contraindication for
surgery if the tumor is otherwise technically
resectable [38—40]. Debulking for control of hor-
mone excess in the setting of known metastatic
disease can also be performed in some situations,
after balancing risks and benefits of an aggressive
procedure in a usually debilitated patient [37].
The extension and role of lymph node dissection
in ACC remain controversial [31, 37, 38]. In one
retrospective study, locoregional lymph node dis-
section improved tumor staging ability and led to
a more favorable oncological outcome in patients
with otherwise localized ACC [37]. In adrenal
tumors, the main lymphatic areas that should be
removed as part of the en bloc resection include
the renal hilum and the origin of the celiac and
mesenteric artery. A balance between the risk
caused by the extended surgery and the benefit of
radical lymph node dissection must be carefully
evaluated on an individual basis. Large prospec-
tive studies on this topic are still lacking [31, 37].
The possibility of removing ACC by laparo-
scopic or retroperitoneoscopic approach is
largely debatable (see Chap. 5), and most guide-
lines recommend an open access [31, 38]. The
advantages of a minimally invasive adrenal sur-
gery (lower morbidity, less pain, shorter hospital
stays, and decreased overall time to recovery)
lose relevance when treating an aggressive tumor
like ACC, in which case the initial surgery has
strong impact on prognosis. The higher propen-
sity for shedding of malignant cells caused by the
laparoscopic instruments, the lack of tactile sen-
sation, and the need for a big incision for remov-
ing ACC tumors (usually large) are arguments
against minimally invasive surgery in this context
[38]. Published data comparing the efficacy of
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the laparoscopic approach (LA) vs. the open
approach (OA) for ACC are limited. All large
series are retrospective, include fewer than 200
patients (most reports including fewer than 10
patients), provide limited or no follow-up, and
evidence several biases [37, 38]. Considering the
available data, the American Association of
Clinical Endocrinologists and the American
Association of Endocrine Surgeons advocate OA
by an experienced surgeon as the procedure of
choice, raising the important question of defining
what an “experienced” surgeon is [41]. The
European Society of Endocrine Surgeons and
European Society for Medical Oncology have a
more liberal position, suggesting that LA could
be performed for stage 1 and 2 ACC tumors less
than 8 or 10 cm if an RO resection is performed
and the surrounding periadrenal tissue is removed
[37, 40, 42, 43]. More studies are needed to eval-
uate the possibility and results of lymph node dis-
section by a minimally invasive approach to treat
an ACC.

2.3.2 Malignant
Pheochromocytoma
and Paraganglioma

Approximately 10% of pheochromocytomas and
15% to 35% of paragangliomas are malignant,
with malignancy being defined as the presence of
distant metastasis. There are no reliable histolog-
ical features allowing a distinction between a
benign tumor and a malignant primary tumor.
Despite local tissue invasion, blood vessel inva-
sion, tumor size larger than 5 cm, and DNA
ploidy suggest malignancy, these characteristics
do not distinguish between benign and malignant
tumors with certainty [44-46]. Efforts are ongo-
ing to identify predictors of malignancy, but only
the presence of distant metastases, including
locoregional lymph nodes, is widely accepted as
a malignant criterion. Metastasis is defined as the
appearance of chromaffin tissue
chromaffin sites distant from the primary tumor
[45]. Metastases occur most frequently in lymph
nodes, bone (50%), liver (50%), and lungs (30%)

in non-

and can appear as many as 20 years after initial
presentation. Liver involvement may be the result
of direct continuous spread of the primary tumor
[44, 45]. Clinically, there is no significant differ-
ence between benign and malignant disease [46].

There is no curative treatment for metastatic
pheochromocytoma. Although data suggesting
improved survival after surgical debulking is
scarce, surgical intervention is favored for pallia-
tion of local complications due to metastatic dis-
ease and reduction of chromaffin tissue and
hormonal activity. Surgical debulking may also
be used to increase the efficacy of other therapeu-
tic modalities, but there is no evidence that this
therapeutic approach prolongs survival of patients
with metastatic disease [44, 45]. The prognosis of
malignant pheochromocytoma is poor. Though
long-term survival is possible, the overall 5-year
survival is less than 50%. Medical control of the
catecholamine excess is mandatory. Surgery,
radiation therapy or chemotherapy, and new tar-
geted therapies may provide palliative benefit
[44-46]. In contrast to benign pheochromocyto-
mas, in which minimally invasive surgery is gold
standard, malignant pheochromocytomas often
feature large tumors or extra-adrenal tumors
in locations difficult to be removed by laparos-
copy or retroperitoneoscopy. Therefore, in cases
of proven or suspected malignancy, open surgery
is recommended. Minimally invasive approaches
can eventually be indicated on an individual basis
and in centers with large expertise [31].

2.3.3 Metastases to the Adrenal
Glands

Metastases to the adrenal glands are the second
most common type of adrenal masses after ade-
nomas. Data from the autopsy of patients with
malignancies revealed metastases to the adrenal
glands in 10-27% of cases. This incidence may
be explained by the rich sinusoidal blood flow
and the multiple pathways of arterial blood sup-
ply to the adrenal glands [47]. Isolated adrenal
metastases are rare, most of which are found in
patients with disseminated cancer [47].
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The increasing survival of cancer patients and
the growing use of imaging technology has led to
an increment in the number of adrenal metastases
found [48]. Lung (39%) and breast (35%) can-
cers account for most adrenal metastases, but
metastases from melanoma, renal cancer, hepato-
carcinoma, and colorectal cancer are also fre-
quent [31, 47]. Relative prevalence varies
according to geographic region [47].

Isolated adrenal metastasis can be synchro-
nous (discovered at the time of the primary can-
cer or within 6 months after identification of the
primary tumor) or metachronous (found after a
disease-free interval [DFI] of more than
6 months). Bilateral adrenal metastases are com-
mon [47].

Most patients (95%) with adrenal metastases
are asymptomatic at the time of diagnosis [47]. In
cases of bilateral metastases to the adrenal glands,
symptomatic hormonal insufficiency may
develop and should be treated with substitution
doses of glucocorticoids before and after adrenal-
ectomy [47]. In case of suspicion of adrenal
metastases, it is paramount to rule out gland dys-
function, as up to 48% of adrenal masses in
patients with a known malignancy may be true
incidentalomas. Ruling out pheochromocytoma
is mandatory, as stated in a previous section, but
also exclusion of hypercortisolism and hyperal-
dosteronism must be performed [31].

Imaging investigation must include not only
CT or MRI, exams that frequently provide the
initial suspicion, but also a PET scan (usually
PET/CT) to access further metastatic disease
[47, 48]. The suspicion of adrenal metastases is
one of the few indications for biopsy of the
gland, judiciously reserved for cases in which
the doubt persists after noninvasive imaging
techniques [38, 48].

Even though the existence of adrenal metasta-
ses represents advanced disease with a generally
poor prognosis, surgical resection may increase
survival, and even cure some patients with a
S-year survival rate of 20-45% [47]. Indications
for surgical resection of the adrenal must fulfill
the following conditions [47]:

e Control of extra-adrenal disease can be
accomplished.

e Metastatic disease only to the adrenal gland(s).

e Adrenal imaging is highly suggestive of
metastasis, or the patient has a biopsy-proven
adrenal malignancy.

e Metastasis is confined to the adrenal gland as
assessed by a recent imaging study.

e The patient’s performance status warrants an
aggressive approach.

Traditionally, open adrenalectomy was the
preferred option for patients with adrenal metas-
tasis, but enhanced experience in minimally inva-
sive techniques has changed this. Solitary adrenal
metastases from an extra-adrenal primary neo-
plasm are generally small and confined to the
adrenal gland, making the laparoscopic or retro-
peritoneoscopic approaches amenable for these
cases [31, 47]. The main concern is whether lapa-
roscopic or retroperitoneoscopic adrenalectomy
can be considered equivalent to open adrenalec-
tomy from an oncological point of view (recur-
rence rates and survival time). The proper patient
selection remains key in deciding the best treat-
ment. Ensuring wide surgical margins with en
bloc excision of periadrenal fat is an absolute
requirement [47]. There are few studies (only
case series) comparing open with minimally
invasive adrenalectomy for adrenal metastases.
In those studies, no superiority could be attrib-
uted to one approach. Additionally, they sup-
ported the known advantages of laparoscopy/
retroperitoneoscopy in terms of lower blood loss,
operative time, hospital stay, and complication
rates [47]. The majority of authors report no port-
site metastases or locoregional recurrences after
minimally invasive adrenalectomy for metastatic
tumors, even after a long-term follow-up [47].
Open surgery is perhaps more indicated when
preoperative imaging suggests local invasion,
large metastases (>9 cm), vena cava thrombus, or
significant lymphadenopathies [31].

Studies comparing TLAdr with PRA for
adrenal metastases are lacking. Significant
adhesions from prior surgery could preclude the
TLA. The RA has the advantage of not being
affected by prior surgery adhesions, since there
is no incursion into the peritoneal cavity.
Relative contraindications for the minimally
invasive approach include morbid obesity, coag-
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ulopathy, and severe cardiopulmonary disease
which precludes the hypercapnia associated

with  pneumoperitoneum/pneumoretroperito-
neum [47].
2.4  Adrenal Incidentaloma

The growing utilization of imaging exams allied
with the continuous enhancement in image defi-
nition has led to the increased discovery of unex-
pected pathological findings, with variable
clinical implications. One of the most common
unexpected findings revealed by CT, MRI, or
ultrasonography is an incidental adrenal mass or
incidentaloma. It is defined as a clinically unap-
parent adrenal mass > 1 cm in diameter detected
during imaging performed for reasons other than
for suspected adrenal disease [49, 50]. The over-
all incidence of adrenal incidentalomas is 4% of
the general population, increasing to 7% in
patients over 70 years old [50]. Many adrenal
incidentalomas, while picked up incidentally,
may have clinical symptoms or associated signs
on closer questioning and clinical examination,
namely those associated with obesity, diabetes
mellitus, and hypertension [49]. The finding of an
adrenal incidentaloma must be followed by a
diagnosis workup directed at answering some
pertinent questions [31]:

¢ Is the mass hormonally active?

e Does the tumor exhibit radiological features
of malignancy?

* Does the patient have a personal or familial
history of cancer?

Investigation for excessive hormone produc-
tion, as stated in previous sections, must include
a dexamethasone suppression test to exclude
adrenal Cushing’s syndrome, determination of
free metanephrines in plasma and urine to
exclude a pheochromocytoma and, in hyperten-
sive patients, the determination of the aldoste-
rone—renin ratio to exclude Conn’s syndrome. If
the imaging reveals any suspicion of ACC,
DHEAS, 17-OH-progesteron, and estradiol
should be determined in serum [31].

Although most adrenal incidentalomas are
unilateral, bilateral incidentalomas are found in
10-15% of the cases. The most common causes
of bilateral adrenal incidentalomas are metasta-
ses, PBMH, and bilateral cortical adenomas.
Other causes of bilateral incidentalomas include
bilateral pheochromocytomas, congenital adrenal
hyperplasia, Cushing’s disease, or ectopic ACTH
secretion with secondary bilateral adrenal hyper-
plasia [50]. Up to 15% of patients with an adrenal
incidentaloma will have a hormonally active
tumor [31, 50].

A tumor >6 cm has a malignancy risk of 25%.
Additionally, vascular invasion, lack of well-
demarcated margins, and presence of suspicious
lymph nodes are also radiological features sug-
gestive of malignancy [31, 49, 50]. A CT with
adrenal protocol and measurement of the
Hounsfield Units (HU) is useful to distinguish
between benign and malignant tumors. A thresh-
old value of 10 HU has a sensitivity of 71% and a
specificity of 91% for benignity. Incidentalomas
with >10 HU attenuation require more detailed
evaluation [31, 50]. Familial or personal history
of cancer must raise the suspicion of adrenal
metastases. In a patient without a past medical
history of malignancy, the probability of an adre-
nal nodule being malignant is very low. On the
contrary, for a patient with known cancer, this
probability is considerably higher, with metasta-
ses occurring in 32-72% of these cases [47]. For
surgical treatment of adrenal metastases, see
Chap. 5 and previous section of current chapter
(2.3.3 Metastases to the Adrenal Glands).

Surgery for adrenal incidentalomas is indi-
cated in functioning nodules, or in nodules
>6 cm, excluding myelolipoma, which usually
does not indicate resection [31, 39, 40].
Nonfunctioning adrenal tumors <4 cm, which
carry a low risk of malignancy (< 2%), do not
usually indicate resection [31, 39]. There is no
consensus for adrenal tumors between 4 and
6 cm without radiological features of malignancy.
A tailored approach, either surveillance or mini-
mally invasive adrenalectomy, must be discussed
with the patient [31, 39]. For tumors <6 cm
without suspicion of malignancy, a minimally
invasive approach is recommended [49]. Larger
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tumors can also be amenable to transperitoneal
laparoscopic or retroperitoneoscopic resection,
depending on the surgeon’s expertise [31].

In many cases of adrenal incidentalomas with
documented autonomous cortisol hypersecretion
(ACS), cortisol secretion rates may not be signifi-
cantly elevated. As a result, the patient may be
asymptomatic, has no clinical features, and has
few comorbidities that may be ascribed to corti-
sol hypersecretion. ACS is defined as an altera-
tion of the hypothalamic-pituitary-adrenal axis,
characterized by ACTH-independent cortisol
excess, often without clinical signs and symp-
toms of overt Cushing’s syndrome [31]. In the
past, terms as “subclinical Cushing’s syndrome,”
“subclinical hypercortisolism,” and “preclinical
Cushing’s syndrome” have all been used to
describe this condition [31]. Despite the absence
of signs and symptoms, ACS has been associated
with hypertension, insulin resistance, type 2 dia-
betes mellitus, obesity, metabolic syndrome, and
increased mortality. ACS is the commonest func-
tional abnormality in patients with adrenal inci-
dentalomas, with a prevalence of up to 20% [50].
Indication for surgery must be tailored to the
patient with ACS, taking into consideration that
metabolic improvement after adrenalectomy,
including weight loss, blood pressure-lowering,
glucose tolerance, lower lipids, and beneficial
effects on bone have been reported [50]. A recent
systematic review addressed the cardiovascular
benefit of surgery in ACS patients. The adrenal-
ectomy improves cardiovascular outcomes and
mortality in these patients [50]. This decision
must also balance the severity of clinical features
against the risks of surgery in an aged population,
whose comorbidities could be coincidentally
age-related and without causative relation to a
false positive ACS diagnosis, leading to unneces-
sary surgery [50].

Follow-up of non-operated adrenal inciden-
talomas is not consensual. The American
Association of Clinical Endocrinologists recom-
mends repeating the imaging for up to 5 years for
benign tumors, whereas the European Guidelines
do not recommend further imaging for benign,
nonfunctioning lesions with less than 4 cm.
Patients with adrenal lesions over 4 cm or inde-

terminate lesions who have not undergone sur-
gery are recommended to repeat imaging in 6 to
12 months. The optimal timing depends on the
index of suspicion [39, 41, 50]. Surgical resection
is recommended if there is a 20% increase in size,
in addition to at least a 5 mm increase in diameter
over the same period. Both adrenocortical can-
cers and metastases usually demonstrate rapid
growth over months, in contrast to a benign ade-
noma. Further imaging should be undertaken
once again at 6—12 months [39, 41, 50].

Repeating hormonal testing is not advised in
patients without evidence of hormone over-
secretion on their initial assessment. It should
only be considered if patients develop new clini-
cal signs and symptoms of adrenal hormone
hypersecretion or in case of worsening of comor-
bidities, including diabetes, hypertension, or
osteoporosis [50].

Patients with ACS have a low risk of progress-
ing to overt Cushing’s syndrome, but since ACS
is associated with numerous comorbidities,
patients not initially operated on must be reas-
sessed annually for cortisol hypersecretion and
potential worsening of comorbidities. If there is
clinical or biochemical progression, then patients
can be re-evaluated for surgery [50].

2.5 Partial Adrenalectomy
Partial (or subtotal) adrenalectomy or cortex pre-
serving adrenalectomy was first proposed by
Irvin et al., in 1983, for the treatment of heredi-
tary bilateral pheochromocytoma aiming at pre-
serving the adrenocortical function and avoiding
lifelong steroid replacement therapy [50]. In
1995, Walz et al. presented the first cases of retro-
peritoneoscopic partial adrenalectomies [51].
Nowadays, indications for partial adrenalec-
tomy include not only bilateral adrenal masses,
but also solitary masses in context of hereditary
diseases with increased risk of developing multi-
ple adrenal tumors [27, 32, 36]. Usually, non-
functional adrenal tumors have no indication for
partial adrenalectomy, since their formal surgical
indication is the suspicion of malignancy, which
makes total adrenalectomy mandatory [31].
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There is a trend towards the use of partial adre-
nalectomy in the treatment of small adrenal
masses. In the future, minimally invasive partial
adrenalectomy may become the standard treat-
ment of small benign and functioning adrenal
tumors [50].

There is no need to preserve the adrenal vein
to warrant adrenal cortical function if a minimum
of 1/3 of the gland is kept in place and there is no
excessive and unnecessary dissection. This
allows for an adequate vascular supply and blood
drainage of the adrenal remnant by the diaphrag-
matic and retroperitoneal collateral arteries and
veins, respectively [27]. In the pheochromocy-
toma, the adrenal vein should be divided to pre-
vent hypertensive crisis due to the discharge of
catecholamines secreted by the medulla into the
venous system [36]. The use of intraoperative
ultrasound can be helpful in tumor localization to
preclude unnecessary dissection [36, 50].
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3.1 Introduction

The first laparoscopic adrenal resection was per-
formed by Michel Gagner in 1992 [1]. Soon after,
several groups published their series of cases
enhancing the advantages of this new approach
that includes shorter postoperative hospital length
of stay (HLOS), less wound complications,
reduced pain, and a faster return to normal daily
activities [2-4].

3.2 Validation of Laparoscopic

Adrenal Surgery

The aforementioned advantages set the tone for
surgeons to study the feasibility and efficacy of
laparoscopic adrenalectomy after the Gagner
et al. report. The sum of the most relevant of
these works is detailed in Table 3.1. Although
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most of them are retrospective studies and were
conducted with a relatively small number of
patients, the advantage of the laparoscopic
approach for well-selected cases is clear.
Laparoscopic adrenalectomy is better than the
open approach in what concerns intraoperative
blood loss, HLOS, and overall complications.
The operative times tend to be longer in the lapa-
roscopic adrenalectomy. However, when surgical
teams gained experience in advanced laparo-
scopic techniques (particularly adrenalectomy),
the operative times were comparable to the open
approach in some works [2, 4]. Also, fewer post-
operative analgesics and a faster return to regular
activity were pointed out as important advantages
of laparoscopic adrenalectomy when compared
to the open approach [3-7]. Therefore, as with
many abdominal surgeries, laparoscopy is con-
sidered the gold standard for adrenal surgery in
most patients.
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3.3  Still a Place for Open
Thirty years have passed since the first report of
laparoscopic adrenal resection and there is a
stronghold for open surgery in this domain. As in
the endoscopic approach, open surgery can use
the anterior and posterior route to reach the retro-
peritoneal adrenal gland.

This chapter summarizes existing comparative
studies and reviews current indications for differ-
ent open approaches.

3.4 Open Surgery

3.4.1 Current Indications

Besides the lack of laparoscopic expertise in a
specific center that for whatever reason cannot
transfer its patients, there are still clear indica-
tions for the open approach. Laparoscopy should
be used in this domain mostly for benign pathol-
ogy. Malignant adrenal tumors, namely adrenal
carcinoma, tend to be very fragile and therefore,
the violation of their integrity with the conse-
quent spread of the disease can be disastrous.
Additionally, the involvement of neighboring
structures or extreme size can make laparoscopy
very difficult or even impossible. Thus, it is now
consensual that suspicion of malignancy, size
greater than 12 cm, and contiguous invasion of
adjacent structures are formal indications for
open surgery. Malignant pheochromocytoma is
better performed open, and for small metastatic
disease laparoscopy can be considered (see
Chapters 2 and 5). Apart from indication, general
aspects such as heart failure, coagulopathy, or
severe respiratory dysfunction may preclude lap-
aroscopy [15, 16]. Indications for open adrenal-
ectomy are summarized in Table 3.2.

Table 3.2 Indications for open adrenalectomy

Tumors >12 cm

Malignancy
Coagulopathy
Cardiopulmonary high-risk patients

3.4.2 Risk of Conversion to Open

Conversion to open is a rare event (~5%), but
should be considered under these circumstances:
detected intraoperative local invasion; detected
regional lymph node metastasis; inability to remove
the tumor completely (without spillage); inability
to laparoscopically control an intraoperative com-
plication [17]. Of course, the best way is to prevent
the need for reactive conversion.

In the opinion of some researchers, obesity can
increase the risk of conversion [16, 18, 19]. Tumor
size should be judged by the surgical team spar-
ingly because the greater the risk of malignancy,
the greater the risk of conversion in inverse pro-
portion to the surgeon’s experience. The large size
of the tumor is related to an obvious difficulty due
to subverted anatomy, increased surface of dissec-
tion, and narrow “working” space [16, 20]. Despite
this, new devices such as endo-staplers or advanced
energy coagulation have made it easier to perform
laparoscopically in these more difficult cases.

Another point frequently highlighted by some
authors is the risk of conversion due to previous
abdominal surgeries. Although this condition can
be considered as a relative contra-indication for
transabdominal approach, conversion is rarely
attributed to this factor [15]. In a large series of
865 patients, previous abdominal surgery did not
predict the need of conversion [19]. Finally, it is
imperative to consider surgical team experience,
hospital volume, and a multidisciplinary approach
to these patients in order to reduce either the risk
of conversion or the upfront indication for open
adrenalectomy due to tumor size.

3.5 OpenTechnique

Although it falls outside the scope of this book, the
conventional technique of open surgery is suc-
cinctly described. As in laparoscopic surgery, ante-
rior (laparotomy) and posterior (lumbotomy)
approaches are considered. For en bloc resection
of very large masses, sometimes locally advanced
tumors, a thoracoabdominal incision should be
considered.
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The first surgery of the adrenal glands was car-
ried out in 1889, when Scottish surgeon John
Knowsley-Thornton performed a large left adrenal
tumor excision on a 35-year-old female patient.
Only in the 1920s would the first adrenalectomies
for pheochromocytoma be performed in Europe
by César Roux (Lausanne, Switzerland), and in
the United States by Charles Mayo (Rochester,
Minnesota). The first adrenal resections were
made through a midline abdominal incision.
Charles Mayo would describe it from the flank and
Young, from a posterior incision (Baltimore,
Maryland) [17].

The most common approach is the transperito-
neal anterior for an open procedure. The posterior
approach avoids abdominal adhesions related to
previous laparotomy and can also reduce wound
complications that are more frequent in obese
patients and in those with Cushing’s syndrome. Due
to small working space, this approach is rarely used
for tumors above 6 cm. The lateral extraperitoneal
approach is also a good option for obese patients.

3.5.1 Anterior Approach

Usually, the main indication for open anterior
adrenalectomy is the suspicion of cancer or
proven malignancy. Within this scope, the tech-
nique presented respects this assumption.

1 2

3.5.1.1 Technique for the Right Side

The patient is placed in supine position and a
wide, right subcostal incision is made, which
may be extended to the left side, depending on
the size of the tumor. As shown in Fig. 3.1, sev-
eral incisions may be used in the anterior
approach. However, a wide subcostal incision
allows for a better ribs retraction, improved liver
mobilization, providing optimal access to the
adrenal gland, kidney, and inferior vena cava
Ivo).

When in the peritoneal cavity, the entire abdo-
men should be inspected for deposits of malig-
nant disease. The use of intraoperative ultrasound
can be useful in locoregional assessment of the
disease, namely in the involvement of adrenal
vein, IVC, and the existence of a malignant
thrombus [21]. The first step is to proceed to the
mobilization of the liver, rotating the right hepatic
lobe medially, which allows for complete IVC
exposure from the base of the thorax to the renal
hilum. If the invasion of the liver is identified, a
rim of normal liver should be resected en bloc
with the specimen [21, 22].

The right adrenal vein is then identified and
ligated in a standard fashion. All the fat medial
to the adrenal gland, as well as lymph nodes
posterior to the renal hilum and in the inter-
aorto-cava space should be retrieved. An opti-
mal IVC exposure should be achieved, allowing

3

Fig. 3.1 Anterior transperitoneal approach. (1) Midline incision; (2) Makuuchi modified incision; (3) Bilateral subcos-

tal transverse incision
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a cavotomy and thrombectomy in case of
tumoral thrombus [21]. The dissection is
extended inferiorly until the superior half of the
kidney, excising any fat around the kidney and
the posterior peritoneal lining to obtain a clean
inferior margin.

The next step consists in dissecting the adre-
nal gland from the kidney’s upper pole, proceed-
ing posteriorly and laterally, excising all
retroperitoneal fat around the tumor, and expos-
ing the posterior musculature. Finally, dissection
continues superiorly, reaching the diaphragm,
completing the tumor’s resection. After excision
of the specimen, metal clips can be placed to
mark the tumor bed for eventual adjuvant
radiotherapy.

3.5.1.2 Technique for the Left Side

The left open adrenalectomy occurs in a similar
fashion to the right adrenalectomy. It begins with
the patient in supine position and a wide left
subcostal incision, which may be extended to the
right side.

After the systematic inspection of the perito-
neal cavity, the splenic flexure of the colon is
mobilized following a wide incision through the
white line of Toldt. Then, the phreno-splenic liga-
ment is divided, allowing spleen and pancreatic
tail retraction, exposing the left adrenal gland, the
kidney, and the aorta. At this point, one must be
careful not to cause any injury to the splenic
hilum [22].

The left renal vein is carefully dissected, and
the adrenal vein identified and ligated. Dissection
progresses medially with ligation of arterial
branches coming from the aorta. The posterior
limit of dissection is the posterior musculature
that extends superiorly until the left diaphrag-
matic crus [22, 23]. When performing dissection
of the plan between the left adrenal gland and the
kidney, one should be aware of a possible supe-
rior renal artery which, in case of injury, may
cause renal ischemia [22].

The remaining surgery is completed in a simi-
lar fashion as for the right adrenalectomy, resect-
ing all the surrounding fat en bloc with the gland
specimen [21].

31

3.5.2 Posterior Approach

Considered as the gold standard technique for
small and benign adrenal tumors during several
years, the posterior adrenalectomy is presented as
the most direct route to the gland. This is reflected
in several advantages over the open anterior
approach, namely less blood loss, lower HLOS,
and less overall mortality [24]. However, the sur-
gical field is narrow and access to the adrenal
vein and great vessels is suboptimal, which could
be a problem, particularly in an excessive bleed-
ing scenario [23]. As previously mentioned, this
technique is usually limited to tumors smaller
than 6 cm in diameter.

The patient is placed in a prone position and
an angled incision is made from medial to lateral
over the 12th rib, as shown in Fig. 3.2. After divi-
sion of the subcutaneous tissue and the latissimus
dorsi and sacrospinalis muscles, the 12th rib is
exposed and excised. At this point, one should be

Fig. 3.2 Retroperitoneal approach
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careful not to cause injury to the neurovascular
bundle.

Once in the retroperitoneum, the kidney is
mobilized inferiorly, and the adrenal gland is
identified. The plan between the medial border of
the gland and IVC is dissected, and the adrenal
vein is identified and ligated in a standard man-
ner. In the case of the left adrenalectomy, the dis-
section is made between medial border of the
gland and the aorta, and the adrenal vein runs a
longer course, usually draining into the left renal
vein.

3.5.3 Thoracoabdominal Approach

The open adrenalectomy via thoracoabdominal
approach is usually reserved for large, right-
sided tumors with marked involvement of the
surrounding structures and the IVC, since it
allows the best exposure of the retroperito-
neum, adrenal gland, and major vessels [22,
23]. This approach is associated with a heavy
burden of postoperative problems such as inci-
sional pain, phrenic nerve injury, and pulmo-
nary complications which eventually require a
chest tube. For this reason, it is generally
reserved for large right-sided tumors, in which
both the liver and the IVC can limit the expo-
sure, and a safe control of the IVC in the upper
part of the abdomen may be needed.

The patient is placed in a semi-oblique posi-
tion, with the operating side upwards. A body roll
is positioned at the patient’s waist to open the
angle between the ribs and the iliac crest. An inci-
sion is made over the 8th/9th rib as shown in
Fig. 3.3. Sometimes, it may be useful to excise
the rib, but the surgeon must be careful not to
injure the neurovascular bundle. The diaphragm
is incised in a circumferential manner to prevent
injury to the phrenic nerve, entering the abdomi-
nal cavity. The adrenal gland resection is com-
pleted in the same way as the open anterior
approach [23].

H. Louro and J. Vilaca

Fig. 3.3 Thoracoabdominal approach

3.6 Conclusion

Although most adrenal surgery cases are now
approached laparoscopically, specific indications
for conventional open surgery remain. Not only
should the endocrine surgeon master these
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approaches, but the cases proposed for adrenalec-
tomy must be presented and discussed by a mul-
tidisciplinary team that includes surgery,
radiology, anesthesiology, and endocrinology in
order to establish the best surgical approach.
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4.1 Background and Clinical

Considerations

Since adrenalectomy was successfully performed
for the first time, adrenal surgery has seen great
advances, especially in terms of minimally inva-
sive surgery. In the last decades, adrenalectomy
has made a breakthrough, which turned a large
incision over to a minimally invasive surgery.
The first documented successful laparoscopic
adrenalectomy (LA) was performed by Michel
Gagner and was published in 1992 [1]. Compared
with open adrenalectomy, subsequent experience
has demonstrated a shift over LA with the main
advantages of short hospitalization, low morbid-
ity rate, and earlier return to normal activity [2,
3]. As consequence, LA has become the “gold
standard” technique to treat small to medium size
benign adrenal tumors [4-6].
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There are several LA techniques to remove an
adrenal gland. Among the multiple approaches of
LA, transperitoneal laparoscopic adrenalectomy
(TLAdr) is more popular because most surgeons
are more familiar with anatomy and operating
view. TLAdr uses a cut through the belly that
includes cutting a membrane inside the abdomen
(the peritoneum) to expose the adrenal gland.
Since TLAdr was proposed in 1992, its surgical
indications have been widely increased. At pres-
ent, the technique is not only considered to be the
standard procedure for adrenal tumors less than
6 cm in diameter. Ample data subsequently has
demonstrated the suitability of the transperito-
neal laparoscopic approach in removing all but
the largest adrenal tumors with a reduction in
pain and a shortened length of stay without
increasing the operating time or morbidity
[7-12].

The laparoscopic transperitoneal monopoly in
minimally invasive adrenalectomy, however, was
broken by Bonjer et al. that demonstrated the
effectiveness of the lateral retroperitoneal adre-
nalectomy for tumors less than 6 cm [13].
However, the extraperitoneal approach failed to
gather traction until Walz et al. popularized the
alternative ~ posterior  retroperitoneoscopic
approach (PRA) using the same instrumentation
as in TLAdr with the patient in a modified prone
position. The Walz approach has since been
widely adopted with minimal modifications
worldwide as an alternative to TLAdr [14].
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Table 4.1 Comparison of principal advantages and disadvantages of PRA approach vs LTA approach

Advantages

Disadvantages

Transperitoneal
tumors)

cavity
— Easier to teach

— Larger surgical field (important in large

— Examination of the entire abdominal

— Increased risk of incisional hernias

— Longer operating time

— In case of bilateral adrenalectomy, need to
reposition the patient

— Potential increase in difficulty in patients with
previous abdominal surgeries

— Intolerance to pneumoperitoneum

Retroperitoneal | — Less operative time
— Less postoperative pain

— Greater conservation of aesthetics

need to reposition the patient

— In case of bilateral adrenalectomy, no

— Intolerance to the prone position

— Small surgical field

— Potential increase in intraocular pressure in
prolonged surgeries

The PRA has been increasingly favored in
recent years as an alternative method of adrenal
tumors, especially for patients with a history of
abdominal surgery because it can directly and
rapidly get into the surgical area without mobiliz-
ing intraperitoneal organs. Laparoscopic retro-
peritoneal adrenalectomy approaches the adrenal
gland from the back, without cutting the
peritoneum. Moreover, PRA has an outstanding
advantage, which can accomplish bilateral adre-
nalectomy without repositioning the patient and
has shown its feasibility for adrenal tumors less
than 8 cm in diameter [15, 16].

However, PRA is not easy for beginners to
learn because surgeons are not familiar with this
anatomic view of the retroperitoneal space.
Despite these several benefits, PRA might pose
serious additional technical difficulties such as
smaller working space, the requirement for the
surgeon to learn a new anatomic perspective, and
the uncomforting to work with tumors larger than
8 cm [17]. Also, the need of a dedicated staff to
know all the nuances of the patient position,
equipment, and anesthesia in prone decubitus
must be considered.

In tertiary high-volume centers, both main-
stream minimal access adrenalectomy proce-
dures can safely be applied in appropriately
selected patients. Analyzing the literature, TLAdr
and PRA were found to be similar in terms of
intra- and postoperative complications and dem-
onstrated clinically equivalent outcomes [18-20].
However, advocates of the latter technique (PRA)
have proposed better results. As reported recently,

thanks to the avoidance of pneumoperitoneum
and the direct approach to the gland leading to
minimal dissection of body wall or adjacent
organs, PRA has several advantages such as
shorter operative time, lower postoperative pain,
and shorter hospitalization with comparable mor-
bidity rate. Mortality rate is approaching 0% in
both techniques [18, 19, 21].

Reports of good intra- and postoperative out-
comes of PRA have made this method more pop-
ular. Nevertheless, up to present, the final choice
between RPA or TLAdr remains influenced by
surgeon’s preference [22]. The most relevant fea-
tures of PRA and TLAdr approach are resumed
in Table 4.1.

4.2 Intraoperative Outcomes

In terms of operation time, the literature reflects a
shorter operation time in PRA approach com-
pared to TLAdr, and it is consistent with most
studies [19, 23]. The shorter operation time in
PRA is most likely due to the smaller extent of
dissection required. Other factors such as previ-
ous abdominal surgery and tumor laterality might
also be expected to impact upon this, particularly
in TLAdr, due to the presence of adhesions in the
peritoneal cavity and the need to mobilize the
liver/spleen. In fact, one of the most important
advantages of PRA is the direct approach to the
adrenal gland and vein, avoiding the need to enter
the peritoneal cavity or mobilize adjacent intra-
abdominal organs, as well as obviating adhesions



4 Retroperitoneoscopic Versus Laparoscopic Adrenalectomy 37

from previous surgery, leading to a great saving
of time. For this reason, PRA is feasible and ideal
also for patients who underwent a previous lapa-
rotomy [21]. In addition, in case of bilateral adre-
nalectomies, the prone position allows to
approach both adrenal glands without the need to
reposition the patient and sometimes two surgical
staff might perform two operations at the same
time [21, 24]. In the other hand, surgeon and
institutional volume are consistently shown to be
important factors impacting in the outcome of
endocrine surgical patients and adrenalectomy is
no exception.

It is reported in the literature significant differ-
ence in respect of operation time because the sur-
geon has lack of experience in PRA remarking
the importance for surgeons to reach proficiency
[25-27]. Moreover, when PRA is performed by
surgeons skilled in the laparoscopic technique for
TLAdr, allowing them to overcome the learning
curve for PRA more easily, due to the smaller
extent of dissection required, median operative
time become shorter for PRA than TLAdr. A
comparison of the first 50 operations performed
by the developers of PRA and 50 operations per-
formed by a surgical team that learned PRA from
the developers found that the learning curve was
shorter in the latter group, suggesting that com-
prehensive training resulted in a shorter operation
time and a lower conversion rate. Hence, PRA is
safe when performed by surgeons with TLAdr
experience or those who undergo proper PRA
training [20, 28, 29]. The Walz group also has
shown that despite a flattening of the learning
curve after 3040 TLAdr and PRA, relative
improvements in operative time are seen even
after 500 operations [30].

Several demographic features have previously
been reported as impacting on intraoperative
parameters of TLAdr and PRA such as operative
time and conversion rates. A BMI (Body Mass
Index) >30 kg/m? has been shown to be associ-
ated with a prolonged operative time in TLAdr.
The male gender is also associated with increased
operative time, perhaps because of the increased
visceral and perinephric fat in men compared to
women. Obesity is retained an important and
spreading risk factor affecting morbidity also

after TLAd. It is reported in the literature a posi-
tive correlation between BMI and operating time,
postoperative complications, and hospitalization
as the result of a suboptimal visualization in the
context of increased amount of intraperitoneal fat
[25, 27, 28, 31]. PRA is also difficult to perform
in patients with tumors larger than 7-8 cm and in
patients with a high BMI [30].

After the establishment of the PRA beyond
the learning curve also is demonstrated that PRA
has significantly less estimated blood loss (EBL)
than TLAdr, as it is the surgeon and institutional
volume, observing a reduction in EBL and opera-
tive time with operative volume [18, 32, 33].

In a sense, the studies describe that patient
which undergoes PRA suffers less tissue damage
during the operation and has a faster recovery
after surgery, which may be caused by anatomic
structure and gas pressure. The significant differ-
ence in EBL is possibly caused by relatively less
dissection during PRA. As is known to all, the
less the anatomical separation, the relative reduc-
tion in blood loss. Also, the lower EBL in the
PRA group may reflect the use of this approach
for smaller tumors or may be a result of the tech-
nique presenting fewer opportunities for blood
loss from viscera such as the liver and spleen.
The elevated pressure required in PRA to gain the
working space (usually 18-25 mmHg) and sub-
sequent tamponade of minor bleeding from small
vessels produced by the closed space, preventing
greater blood loss may also be a factor.
Meanwhile, the high retroperitoneal insufflation
pressure usually could lead to compress the infe-
rior vena cava (IVC) or renal vein, reduce venous
returns from the adrenal gland and ultimately
reduce intraoperative blood loss [34].

The conversion rate is around 2-14% in
patients who underwent PRA, while 1-22% in
TLAdr patients, with no statistically significant
difference but the reasons for conversion differed
[18, 28]. The main causes for conversion during
TLAdr are bleeding, followed by intra-abdominal
adhesions, failure to progress, splenic and pan-
creatic injury and IVC injury or infiltration,
whereas indications for conversion in PRA
patients include failure to progress and mainly is
associated with inadequate preparation of the ret-
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roperitoneal working space or loss of pneumoret-
roperitoneum due to surgeon inexperience [28,
33, 35, 36]. Although concerns have been raised
regarding the high CO, pressure required for
PRA, there are no significant complications asso-
ciated with high pressure [37].

4.3 Postoperative Outcomes

The hospital length of stay (HLOS) after surgery
is an important indicator to evaluate the postop-
erative recovery. In addition, shorter HLOS also
mean less hospitalization medical expenses of
the patients and relatively higher turnover rate in
the hospitals.

As reported in the literature, there is a statisti-
cally significant reduction in HLOS in PRA com-
pared to TLAdr. The HLOS of the patients who
underwent PRA is generally shorter than the
TLAdr patients (1 vs 2-3 days) as described by
many authors [38, 39]. The superiority of PRA
may be due to the location of the adrenal glands
in the posterior aspect of the retroperitoneum and
the avoidance of pneumoperitoneum. PRA
directly approaches this space, enabling adrenal-
ectomy without collateral damage to adjacent
intra-abdominal organs, which must be dissected
and mobilized during TLAdr or open adrenalec-
tomy. In consequence, recovery of bowel move-
ment is faster and postoperative ileus is rarely
observed in the patients who underwent PRA.

Also, shorter hospital stay might be associated
with the reduction of postoperative pain as sug-
gested by the median visual analog scale (VAS)
pain score value in patients undergoing PRA than
TLAdr. The intensity of postoperative pain and/or
nausea has been an important factor associated
with early or delayed hospital discharge. Most of
the patients who do not present pain or nausea are
discharged home on the next day after surgery, and
only those that show high VAS scores for these
symptoms stayed longer. Postoperative pain and/
or nausea delays the onset of oral intake and mobi-
lization, and consequently the HLOS. Patients
operated by retroperitoneal approach might show
less intensity of these postoperative symptoms
mainly due to the preservation of the peritoneal

layer. Entering the peritoneum triggers a higher
response for pain and nausea and consequently a
longer postoperative hospitalization.

Another parameter indicating the amount of
postoperative pain is analgesic use during hospi-
talization, which is lower after PRA in many
studies. As interesting data, a study reported that
60% of patients who underwent PRA required no
narcotic analgesia, were mobilized, and started
the diet on the evening of surgery, demonstrating
a faster recovery of bowel movements [21, 29,
31, 38].

The unique complication associated only with
PRA is neuromuscular pain related to subcostal
nerve injury. The subcostal nerve passes below
the twelfth rib and the injury to this nerve com-
monly occurs during open posterior adrenalec-
tomy, leading to chronic incision-related back
pain. Likewise, trocar insertion in this area dur-
ing PRA can cause nerve damage. The incidence
of nerve damage in the largest PRA series is
reported to be 9% but is temporary in most
patients [30, 40, 41].
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5.1 Introduction

The number of adrenalectomies performed
worldwide has increased, as the performance and
quiality of abdominal imaging with identificac-
tion of adrenal nodules has improved [1]. Thus,
the rate of adrenalectomy is also increasing [2,
3]. Over the past 30 years, the minimally invasive
adrenal surgery (MIAS) has almost replaced
open surgery in the management of most adrenal
pathologies and tumors [3, 4]. Benefits of MIAS
are widely reported, such as decreased blood
loss, transfusion requirement, procedure times,
hospital stay, and complications when compared
with open adrenalectomy [4]. Options for MIAS
are the transperitoneal laparoscopic approach
(TLA) and the retroperitoneoscopic approach
(RA) [4]. Systematic literature reviews and meta-
analyses comparing both MIAS approaches have
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been reported and summarized in Chap. 4 of this
book [4-6]. However, MIAS for malignant dis-
ease remains controversial due to the uncertainty
regarding oncologic outcomes relative to open
adrenalectomy, in particular for primary adrenal
malignancy [7-10]. Despite this and the interna-
tional guidelines recommendations for surgical
treatment on adrenal malignancy, the European
registry EUROCRINE for adrenal surgery, that
included 658 adrenalectomies from 21 European
centers, between 2015 and 2019, reported MIAS
in 28% of the patients with adrenocortical carci-
noma (ACC) and in 66% of those with adrenal
metastases with a conversion rate of 20% [3].
This rate of MIAS for malignant adrenal diseases
is consistent with previous retrospective, pro-
spective, and meta-analysis reports [4—6]. In this
chapter, we review the recommendations for the
preoperative evaluation of patients with adrenal
tumors to identify and discuss the indications for
MIAS with a special emphasis on the retroperito-
neoscopic approach for: (1) indeterminate adre-
nal nodules suspicious for malignancy, (2)
metastatic disease, and (3) primary adrenal
cancer.
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52 Preoperative Evaluation Table 5.1 Biochemical evaluation of an adrenal tumor

of Patients with Adrenal Phenotype Test

Lesions Suspicious Pheochromocytoma | Urine fractionated

for Malig nancy metanephr?nes/plasma

metanephrines
The ESMO-EURACAN Clinical Practice Hypercortisolism Dexamethasone suppression
- test (1 mg): If >3ug/dL or 1.8-3
Guidelines recommends that all patients with ug/d(L an%l)comorb}igdities,
suspected adrenal malignancy should be dis- measure urine free cortisol,
cussed in a multidisciplinary expert team meet- gg&{i?;pég?t?;glszz?fjultate’
ing [11]. Every patient with malignant suspicious plasma), consider
adrenal lesion should undergo careful clinical dehydroepiandrosterone sulfate
assessment, including case history, clinical Primary Aldosterone/renin activity or
examination for signs and symptoms of adrenal ~hyperaldosteronism | direct renin ratio
hormone excess [11]. The goal of biochemical ]sEtZ:SiSjsOf sex g:;;’;rtg;?;’] drosterone sulfate
evaluation is to assess for the presence of hyper- estradiol, or estrone if clinical
cortisolism, hyperaldosteronism, or catechol- images suggest adrenal
amine excess (Table 5.1) [1, 11]. carcinoma
This evaluation is essential when a malignant ~ Primary adrenal Serum cortisol in patients with

primary or metastatic lesion is suspected because insufficiency zﬁiﬁﬁs&?ﬁésgffg)c ted
identification of a functional mass will affect Congenital adrenal 17-OH progesterone in bilateral
management [10]. Patients with bilateral adrenal  hyperplasia lesions or hyperplasia

tumors suspected of bilateral adrenal metastases
should undergo cortisol and adrenocorticotropic
hormone (ACTH) determination to screen for
adrenal insufficiency [1, 10]. Two-thirds of ACCs
produce and release excess hormones that can
affect perioperative management, prognosis, and
treatment of recurrent and metastatic disease, and
therefore should be evaluated preoperatively
[12]. Furthermore, the rate of adrenal metastases
in patients with history of cancer with an adrenal
mass is 27% to 73% [13, 14]. Thus, before per-
forming a biopsy of an adrenal lesion concerning
for metastasis, biochemical evaluation for pheo-
chromocytoma is recommended due to the risk of
hypertensive crisis [10].

The two most commonly used imaging modal-
ities in the initial evaluation of patients with adre-
nal tumors are computed tomography (CT) scan
and magnetic resonance imaging (MRI) [1, 11].
In general, malignant adrenal lesions are hetero-
geneous in appearance with an irregular shape
and indistinct margins. ACCs tend to be large
(>4 cm) and exhibit rapid growth; in contrast,
metastatic lesions can present at a range of differ-
ent sizes and exhibit variable growth patterns
(Table 5.2) [1].

Modified from Araujo-Castro M, Iturregui Guevara M,
Calatayud Gutiérrez M, Parra Ramirez P, Gracia Gimeno
P, Hanzu FA, Lamas Oliveira C. Practical guide on the
initial evaluation, follow-up, and treatment of adrenal
incidentalomas Adrenal Diseases Group of the Spanish
Society of Endocrinology and Nutrition. Endocrinol
Diabetes Nutr (Engl Ed). 2020 Jun-Jul;67(6):408-419 [1].

Primary and metastatic malignant adrenal
tumors tend to have increased and persistent
contrast accumulation due to neovasculariza-
tion of the tumor and therefore demonstrate
less washout of contrast on delayed imaging
[1, 10]. CT is also helpful in providing infor-
mation regarding local invasion, presence of
bilateral or multifocal primary tumors and
extra-adrenal metastatic disease [1, 10]. MRI
can be helpful, when iodinated contrast is con-
traindicated or to avoid radiation exposure [1,
10]. Malignant lesions demonstrate enhance-
ment on T2-weighted images [1, 10].

Adrenal biopsy is recommended only in situa-
tions in which the results will influence manage-
ment. For example, to confirm the presence of
isolated metastasis to the adrenal gland in a
patient with history of malignancy in whom con-
firmation of it would result in a recommendation
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Table 5.2 Radiological features of adrenal malignant
tumors

Feature

Adrenal
carcinoma

— Irregular, heterogeneous, >4 cm
with calcifications and bleeding
— High attenuation in CT (>20HU),
heterogeneous enhancement after
contrast administration in CT

— Delay in contrast washout

— MRI: Hypointense T1. Moderate
hyperintensity T2

— Elevated SUVmax in PET-FDG

— Irregular, heterogeneous, and often
bilateral

— High attenuation in CT (>20HU),
enhancement after contrast
administration in CT

— Delay in contrast washout

— MRI: Hypointense T1. Moderate
hyperintensity T2

— Elevated SUVmax in PET-FDG

PET-FDG fluorodeoxyglucose positron emission tomog-
raphy, MRI magnetic resonance imaging, CT computed
tomography

Modified from Araujo-Castro M, Iturregui Guevara M,
Calatayud Gutiérrez M, Parra Ramirez P, Gracia Gimeno
P, Hanzu FA, Lamas Oliveira C. Practical guide on the
initial evaluation, follow-up, and treatment of adrenal
incidentalomas Adrenal Diseases Group of the Spanish
Society of Endocrinology and Nutrition. Endocrinol
Diabetes Nutr (Engl Ed). 2020 Jun-Jul;67(6):408-419 [1]

Metastasis

for systemic therapy [1, 10, 11]. Adrenal biopsy
should be avoided in lesions concerning for ACC,
unless required to initiate systemic therapy (bor-
derline resectable or metastatic ACC) [1, 10, 11].

5.3  Minimally Invasive Adrenal
Surgery for Indeterminate
Adrenal Nodules Suspicious

for Malignancy

An indeterminate adrenal nodule is >4 cm but
<6 cm of size, has >1 cm of growth in | year,
has some imaging feature concerning for malig-
nancy (Table 5.2) or has clinical or biochemical
characteristics suggesting primary malignancy
(Table 5.1) [1, 10, 11]. The size cut-off recom-
mendations for surgery of an incidental adrenal
nodule are based on reported malignancy rates,
with lesions less than or equal to 4 cm with
malignancy rates of approximately 2% or less,

4.1-6 cm with malignancy rates of approxi-
mately 6%, and greater than 6 cm with malig-
nancy rates of approximately 25% [1, 10, 11].
The malignancy rate of lesions with a combina-
tion of indeterminate but suspicious characteris-
tics is not well described, and therefore judgment
is required when deciding on surgery and opti-
mal surgical approach for patients with, for
example, relatively small adrenal nodules with
indeterminate imaging characteristics or those
that demonstrate some degree of growth on
serial imaging [1, 10, 11]. The decision to
approach these lesions using a MIAS approach
should be patient and surgeon specific [4, 10].
Recent studies have shown that the median aver-
age annual volume for surgeons performing
adrenalectomy is 1 case [4, 10, 15, 16]. These
same studies demonstrate improved outcomes
when adrenalectomies are performed by high-
volume surgeons (defined as 4—6 adrenalecto-
mies annually) [4, 10, 15, 16]. For surgeons
experienced in both TLA and RA approaches,
and assuming the patient is eligible for either
approach based on tumor type and anatomic
considerations, a recent network meta-analysis
of phase II/IIl randomized clinical controlled
trials of minimally invasive adrenalectomy sug-
gests that posterior RA is the best choice for
patients with adrenal masses candidate for
MIAS, because posterior RA was superior to
other MIAS approaches in safety, operative
time, blood loss, length of stay, and incisional
hernia rate [4]. However, recent results from the
Collaborative Endocrine  Surgery Quality
Improvement Program (CESQIP, 2014-2018)
revealed a greater rate of capsular disruption
with the posterior RA than the TLA (12.6% vs
7.6%, p = 0.02) and this was confirmed as an
independent factor for capsular disruption in the
multivariate analysis [17]. Therefore, the details
of considerations provided in previous chapters
help guide to determine the best operative
approach. Tumor size affects the selection for
MIAS approach, because larger tumors (>6 cm)
are challenging to oncologically resect through
RA, due to small working space compared with
the TLA [4, 10]. However, we must highlight
that RA for small- to medium-sized tumors
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(<6 cm) and confined to adrenal gland allows
for minimal need to manipulate or grasp the
adrenal gland or the tumor, minimizing the risk
of capsular disruption, with the proven benefits
for this approach [4, 10]. Patients who have had
previous transabdominal operations may benefit
from posterior RA to avoid potential adhesive
disease [4, 10]. In addition, patient body habitus
is also an important factor to consider, because
morbidly obese patients with abundant intra-
abdominal and retroperitoneal fat will demon-
strate compression of the retroperitoneal space
from their intra-abdominal organs secondary
when in the prone position [4, 10]. Furthermore,
such patients may have such a large distance
between their abdominal skin and the retroperi-
toneal space, thus posterior RA permits effec-
tive access [4, 10].

No matter the approach, it is essential to
respect oncologic principles in any lesion suspi-
cious for malignancy. The tumor must be removed
completely and intact [1, 10, 11]. Thus, the MIAS
approach is considered preferable for lesions
with atypical imaging features potentially repre-
senting an atypical benign lesion, for example,
intermediate size, lack of intratumor fat, and
growth on serial imaging [1, 10, 11]. In patients
with clear evidence of primary ACC (adrenal
tumor not suspected of representing a metastasis
with necrosis, irregular borders, local invasion, or
regional nodal involvement), the conventional
open adrenalectomy is recommended to avoid
capsular disruption, fragmentation, and improve
oncologic outcomes [1, 10, 11].

5.4  Minimally Invasive Adrenal
Surgery for Metastatic

Disease

The adrenal gland is a common site of metastases
from a multitude of primary sites due to the pres-
ence of multiple pathways of blood supply [14,
18]. Isolated metastases to the adrenal gland most
commonly originate from the lung; however,
other common sites of primary malignancy
include melanoma, kidney, colon, breast, and
lymphoma [19, 20]. Adrenalectomy in highly

selected patients with isolated or oligometastatic
disease from primary sites including the lung,
melanoma, and kidney can result in prolonged
survival duration and improved survival com-
pared with similar patients who do not undergo
adrenalectomy [10, 14, 18-20].

Metastasis to the adrenal gland should be con-
sidered in patients with an adrenal mass and a
history of malignancy that tends to spread to the
adrenal [1, 19, 20]. The patient should undergo
evaluation for extra-adrenal disease. The evalua-
tion required will vary by primary tumor type but
may include whole body positron emission
tomography (PET), dedicated chest CT, and/or
MRI of the brain [1, 19, 20]. The decision to pro-
ceed with adrenalectomy for metastatic cancer is
based on natural history of the underlying dis-
ease, tumor biology, presence of extra-adrenal
disease, patient performance status, and avail-
ability of alternative therapeutic options [1, 10,
19, 20]. Adrenal biopsy has high sensitivity
(92%), specificity (94%), and negative predictive
value (100%) for distinguishing benign from
metastatic adrenal tumors [21]. However, not
every adrenal mass suspicious for adrenal metas-
tasis requires biopsy. Newly identified or rapidly
enlarging adrenal tumors unidentified on prior
imaging in a patient with a history of a known
malignancy with propensity to metastasize to the
adrenal glands (e.g., lung, melanoma, renal cell
carcinoma), are highly likely to represent adrenal
metastasis [10, 21]. In such patients, and in the
absence of an alternative systemic treatment or
following induction systemic therapy, endocrine
surgeons should proceed to surgical resection
without preoperative biopsy [10, 21].

Whereas primary adrenal cancer is a locore-
gionally aggressive disease, adrenal metastasis is
often confined within the adrenal capsule, offer-
ing more opportunities to obtain en bloc adrenal-
ectomy [14, 19, 20]. In a multicenter European
study of 317 patients who underwent MIAS and
open adrenalectomy for solid tumor metastases,
the investigators found that patients with renal
cell carcinoma, metachronous lesions, and iso-
lated adrenal metastases had more favorable out-
comes than patients with non-small cell lung
cancer (NSCLC), colorectal cancer, or synchro-
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nous metastases [20]. Patients with renal cell
cancer who underwent adrenalectomy had a
median survival of 84 months, NSCLC
26 months, and colorectal cancer 29 months [20].
Patients with metachronous adrenal metastases
had a median survival of 30 months compared
with 23 months for those with synchronous
metastases [20]. In this study, 46% of adrenalec-
tomies were performed using a MIAS approach,
demonstrating the widespread application of this
approach to patients with adrenal metastasis.
Interestingly, their multivariate cox proportional
hazards model, MIAS was associated with a sur-
vival advantage with a hazard ratio of 0.65 (95%
confidence interval: 0.47-0.89, p = 0.009) [20].
MIAS has become the preferred operative
approach for management of adrenal metastasis
because it achieved the same level of results of
tumor control and less trauma compared with
open surgery [3, 14, 19, 20]. A retrospective
review of 94 adrenalectomies for isolated adrenal
metastases (63 open and 31 MIAS) found no dif-
ference in local recurrence, margin status,
disease-free interval, or overall survival based on
the surgical approach chosen [22]. Moreover,
MIAS was associated with decreased blood loss
(106 vs 749 cc, p < 0.001), operative time (175 vs
208 mins, p = 5.04), length of stay (2.8 vs 8 days,
p < 0.001), and complication rate (4% vs 34%,
p<0.01) [22]. Ma X et al. evaluated in 75 patients
with adrenal metastases an anatomical posterior
retroperitoneoscopic adrenalectomy (PRA) [14].
The most common primary tumor was renal cell
carcinoma (n = 26), followed by NSCLC (n =23),
and hepatocellular carcinoma (n = 12). A total of
76 successful PRAs were performed, with a
median operation time of 53 (range, 40-250) min
and median estimated blood loss of 25 (range,
10-700) ml. The local recurrence rate was 5.3%,
and the median survival was 24 months. These
data were comparable with or even better than
other approaches in previous reported studies.
The independent prognostic factors of survival
were body mass index (BMI, p < 0.001), tumor
type (p < 0.001), tumor size (>4 cm vs. <4 cm,
p = 0.017), and margin status (negative vs posi-
tive, p = 0.011). Authors concluded that anatomi-
cal PRA could represent a safe and effective

approach for the management of adrenal metasta-
sis in selected patients [14]. However, MIAS,
particularly the RA approach, may limit the abil-
ity to evaluate and treat other intra-abdominal
sites of metastasis and may therefore be relatively
contraindicated in patients with known or sus-
pected extra-adrenal but intra-abdominal sites of
oligometastasis for which concomitant surgery
would be desired [10, 19, 20]. Therefore, when
determining the operative approach to adrenal
metastases, patient characteristics, tumor size,
and radiographic evidence for local invasion
should be considered.

5.5 Minimally Invasive Adrenal
Surgery for Adrenocortical

Carcinoma

Adrenocortical carcinoma (ACC) is a rare and
aggressive malignancy that carries a poor prog-
nosis [11]. Most patients present with locally
advanced or metastatic disease not amenable to
surgical resection. ACC has an estimated inci-
dence of 0.5-2 new cases per million people per
year and is commonly diagnosed during evalua-
tion of symptoms related to hormone excess
because approximately two-thirds of ACCs pro-
duce and release excess hormones [11, 19].
Complete surgical resection with negative mar-
gins is the only curative option for ACC. Thus,
the operative approach chosen must have the
highest likelihood of achieving this goal [11, 19].

Controversy continues to exist on the role of
MIAS in surgical management of European
Network for the Study of Adrenal Tumors
(ENSAT) stage I (T < 5 cm, NO, MO) and II
(T >5 cm, NO, MO) primary ACC. Proponents of
the MIAS approach to ACC cite retrospective
series that conclude that an MIAS approach is
safe and can achieve similar oncologic outcomes
for highly selected patients with relatively
“small” tumors (<10 cm) without evidence of
local invasion, provided oncologic principals are
respected [10, 23]. In contrast, proponents of
open adrenalectomy cite retrospective studies of
referral populations of patients with ACC that
have identified increased rates of peritoneal car-
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cinomatosis, capsular disruption, positive mar-
gins, and recurrence, as well as poorer
stage-specific survival, in patients undergoing
MIAS compared with open resection of primary
ACC [10, 23]. Some authors have reported poor
oncologic results in terms of recurrence-free sur-
vival, overall survival, and uncommon type of
recurrence (port site or peritoneal) after MIAS
for ACC [24, 25]. Recently, in a systematic
review, Autorino et al. analyzed nine studies,
including 240 laparoscopic adrenalectomies and
557 open adrenalectomy cases [26]. At baseline,
tumors treated with laparoscopy were signifi-
cantly smaller in size, hospitalization time was in
favor of laparoscopy, and there was no difference
in the overall recurrence rate, time to recurrence,
or cancer-specific mortality between the two
groups [26]. However, development of peritoneal
carcinomatosis was significantly higher for lapa-
roscopic adrenalectomy. The authors concluded
that open adrenalectomy should still be consid-
ered the standard surgical management of ACC,
even if laparoscopic approaches can certainly
play a role in this setting [26]. Two recent studies
comparing open adrenalectomy and MIAS have
been published [27, 28]. Wu et al. retrospectively
evaluated data from patients with stage I and II
ACC and tumor size less than 10 cm [28]. They
were divided into open adrenalectomy (n = 23)
and laparoscopic adrenalectomy (n = 21) groups.
Patient baseline characteristics from the two
groups were comparable, and mean tumor size
was 68 mm in open adrenalectomy and 58 mm in
laparoscopic adrenalectomy. Laparoscopic adre-
nalectomy was performed using the retroperito-
neal approach in 12 cases, and the transperitoneal
in 11 cases. One patient was converted to an open
procedure because of tumor rupture. No differ-
ences were recorded in terms of perioperative
variables, but shorter hospital stay favored a lapa-
roscopic approach. The 5-year overall survival,
and recurrence-free survival, rates for open adre-
nalectomy versus laparoscopic adrenalectomy
were similar (43 versus 47%, and 36 versus 39%,
respectively). However, when considering local
and peritoneal recurrence (excluding distant

metastases) rates were 22% for open adrenalec-
tomy and 42% for laparoscopic adrenalectomy
(p = 0.035); moreover, time to local and perito-
neal recurrence was less in the laparoscopic adre-
nalectomy than in the open adrenalectomy (40
versus 79 months respectively; p = 0.048).
Authors concluded that open adrenalectomy
should still be considered the standard operative
management of ACC, because laparoscopic adre-
nalectomy may not provide patients with local-
ized ACC with an equivalent oncologic outcome
based on site and timing of initial tumor recur-
rence [28]. Similar data came from the Zeng
et al. study [27]. They retrospectively analyzed
the data of 42 patients, with stage I-III ACC,
receiving open adrenalectomy (n = 22) or laparo-
scopic adrenalectomy (n = 20) as primary ther-
apy. At baseline, the patients in the open
adrenalectomy group had larger tumor size (10.1
versus 6.3 cm, p < 0.001) and a higher rate of
stage IIT ACC (40.9 versus 20.0%). The periop-
erative data indicated patients might benefit more
from laparoscopic adrenalectomy, because oper-
ative times, estimated blood losses, and hospital
stay were lower in this group. Moreover, one
patient in the open adrenalectomy group died of
multiple organ failure caused by hemorrhagic
shock 3 days after surgery. From an oncologic
point of view, despite the fact that in the laparo-
scopic adrenalectomy group tumors were smaller
and less advanced, patients undergoing open
adrenalectomy benefited more than those under-
going laparoscopic adrenalectomy in short-term
oncologic prognoses [23, 27]. The 2-year disease-
free survival (DFS) of the open adrenalectomy
group was 61.1 versus 21.4% for the laparoscopic
adrenalectomy group. In terms of time to recur-
rence, the open adrenalectomy group showed
longer mean DFS (44.8 months) than that of the
laparoscopic adrenalectomy group (17.5 months).
At statistical analysis, surgical approach was an
independent risk factor for recurrence, which
showed that the relative recurrence risk of the
laparoscopic adrenalectomy group was 2.1-fold
higher compared with the open adrenalectomy
group. Five out of 13 patients with recurrence in
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open adrenalectomy versus 11 out of 11 in the
laparoscopic adrenalectomy group, had local
tumor bed recurrence [27].

On the other side, the role of lymph node dis-
section in treatment of ACC remains unclear;
there is no consensus regarding the extent of
lymph node dissection that should be routinely
performed. Reported rates of lymph node removal
in studies using large national databases are low
(17-30%), but the rate of lymph node dissection
is lower in adrenalectomies performed using an
MIAS for ACC than in those performed open [29,
30]. Important missing data in these retrospective
series is the proportion of patients who under-
went lymph node removal of involved regional
nodes for preoperatively or intraoperatively
defined indications rather than routinely [10, 29,
30]. Furthermore, patients with primary ACC can
present with formally resectable tumors, but with
characteristics against immediate surgery, includ-
ing a high risk for incomplete resection, early
recurrence, or high risk of perioperative morbid-
ity or mortality. Such patients should be consid-
ered to have borderline resectable ACC and be
candidates for preoperative (neoadjuvant) sys-
temic therapy [10, 31]. Early experience suggests
such a combined approach with appropriately
aggressive surgical resection, can result in good
outcomes compared with patients treated with
upfront open surgery [10, 31].

Finally, ACC is a soft tumor with consistency
similar to friable adrenal cortex; capsular disrup-
tion and fragmentation are easy to induce, particu-
larly during direct tumor manipulation that
commonly occursin attempted MIAS. Furthermore,
ACC tends to invade through the tumor capsule
with microscopic disease present at the gland sur-
face; thus, minimizing direct contact with the
tumor surface is essential to avoid violating the
tumor capsule or causing disruption of disease at
the surface of the gland [10]. The American
Association of Clinical Endocrinologists/American
Association of Endocrine Surgeons, the Society of
American  Gastrointestinal and  Endoscopic
Surgeons, as well as the European Network for the
Study of Adrenal Tumors guidelines all agree that
open adrenalectomy should be performed if ACC is
suspected [11, 32, 33].
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6.1 Introduction

The posterior retroperitoneoscopic approach has
become an increasingly used technique for resec-
tion of adrenal masses and isolated metastases to
the adrenal glands. This minimally invasive
approach allows direct access to the gland and
may prevent unexpected lesions to intra-
abdominal organs.

Technically, posterior retroperitoneoscopic
adrenalectomy (PRA) requires retroperitoneal
CO, insufflation and needs a proper learning
curve in order to work in the retroperitoneal
space, which is a relatively restricted area com-
pared with the “insufflated” intraperitoneal space,
as in the case of transperitoneal laparoscopic
adrenalectomy (TLAdr).

PRA can be performed in the lateral position
or in the prone (jack-knife) position, according to
institutional or surgeon’s preference. Studies and
metanalysis indicate that the retroperitoneo-
scopic approach is superior to laparoscopic sur-
gery in terms of reduced morbidity, postoperative
pain score, blood loss, complications rate, return
to normal activity, and shorter hospital stay [1, 2].

Implications and concerns of anesthesia for
adrenal surgery in the posterior retroperitoneo-
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scopic approach arise from the underlying clini-
cal conditions/morbidity of the patients,
positioning required for surgery, and potential
side effects of high CO, absorption. Implementing
an appropriate anesthetic plan, along with careful
positioning and taping are mandatory to prevent
hormonal/hemodynamic decompensation and
skin, nerve, or bone injury.

6.2 Preoperative Patient

Evaluation

A complete medical history and anesthesia-
directed physical examination should be per-
formed for all patients who undergo PRA. In fact,
this procedure is currently also performed in
patients with a wide range of risks of cardiac and
pulmonary perioperative adverse events and sur-
gical complications [3].

Preoperative evaluation should be focused on
those medical conditions that may be affected by
a potentially long procedure, in an obliged
“uncommon” position, and that may “per se”
affect the physiologic response to changes asso-
ciated with anesthetics, fluid shifts, high insuffla-
tion pressure, and CO, absorption.

Patient preparation for PRA is undistinguishable
to preoperative preparation for conventional laparo-
scopic or “open” adrenalectomy. Preoperative mon-
itoring and management of electrolytes, blood
pressure, and blood pressure lability should be
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implemented, particularly in patients with function-
ing adrenal tumors; adherence to specific medica-
tions, e.g., steroids in patients with Cushing’s
syndrome, alfa-blockade, beta-blockade, volume
loading in patients with pheochromocytoma, should
also be verified.

Preoperative cardiac risk assessment aims to
identify unstable or undiagnosed cardiac
conditions, estimate the risk of major cardiac
adverse events, and determine who may benefit
from additional testing prior to surgery. All
patients need a thorough cardiovascular evalua-
tion. Specially in patients with pheochromocy-
toma, a preoperative echocardiography is
fundamental to assess global systolic function,
valve function, as well as to outline the severity
of potential diastolic dysfunction. Catecholamine-
induced cardiomyopathy (behaving as a form of
myocardial stunning), and significant dilated car-
diomyopathy with varying degrees of heart fail-
ure, especially developing in case of longstanding
tumors, should also be evaluated, or ruled out, as
they can significantly raise the overall periopera-
tive risk. Preoperative echocardiographic find-
ings of moderate to severe left ventricular
hypertrophy can be associated with both cardio-
genic (from severe systolic and diastolic dysfunc-
tion) and noncardiogenic pulmonary edema.

The assessment of functional capacity in met-
abolic equivalents (METs) is recommended for
patients with an estimated elevated cardiac risk
[4]. Patients who have a poor or unknown func-
tional capacity (<4 METs) can be further risk
stratified with pharmacologic stress testing; the
results would possibly change operative plans,
perioperative pharmacotherapy, perioperative
cardiovascular monitoring, the anesthesia plan,
or even indicate the need for coronary revascular-
ization [5]. Patients with a functional capacity
greater than 4 METSs can proceed to surgery.

Deep cardiovascular assessment and investi-
gations may be required in elderly patients, as the
combination of an unrecognized impaired auto-
nomic homeostasis, an exaggerated response to
anesthetics delivered, and a moderate reduction
in venous return induced by temporary compres-
sions of inferior vena cava (IVC) may reduce the
stroke volume and compromise an already failing

heart. In elderly patients, the inability to compen-
sate for the reduced venous return may be also
related to the increased afterload potentially aris-
ing from intraoperative catecholamine release
and/or to the loss of response to catecholamines
due to receptor downregulation [6].

Coronary artery disease and impairment of
cardiac filling and relaxation due to an often
hypertrophied and stiff heart, along with persis-
tent tachycardia not only increase the risk of
myocardial ischemia but also decrease cardiac
muscle work; these effects can be catastrophic in
those with severe heart disease. Therefore,
patients at risk and the elderly should be screened
preoperatively for both coronary artery disease
and “subclinical” heart failure. Patients with car-
diac limitations and low METs undergoing PRA,
even if less susceptible to serious hemodynamic
effects when compared with intraperitoneal
insufflation, are, however, more prone to develop
postoperative hypotension and consequent risk
for renal and other organ hypoperfusion.

Preoperative evaluation of respiratory func-
tion becomes important because of potential
intraoperative respiratory effects of patient posi-
tioning and prolonged absorption of CO,. In the
lateral position, the dependent hemidiaphragm
will be pushed into the thorax and therefore
mechanical positive ventilation would require
higher pressure as compared with the supine
position. The dependent lung will also receive
better perfusion while the nondependent lung
would preferentially receive better ventilation
than the dependent lung. This phenomenon will
increase physiologic dead space and may lead to
hypoxemia, especially if the dependent lung is
already affected by disease.

As far as the effects of the prone position in
anesthetized and paralyzed patients undergoing
elective surgery are concerned, various studies
have reported that the changes in respiratory
physiology are generally advantageous [7, 8].
Pelosi and coworkers [9] have demonstrated that
the prone position does not seem to have any
adverse effects on pulmonary function, even in
anesthetized obese patients. They reported, in
accordance with other authors observations [10]
that modifications in lung volume, lung and chest
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wall mechanics, and oxygenation do not occur
over time during general anesthesia in the prone
position. By turning the patient prone, the abdo-
men moves relatively freely, regional ventilation
may increase in the more expanded, nondepen-
dent lung regions, with additional positive effects
on oxygenation likely caused also by an unloading
of the abdominal viscera and reducing the pres-
sure on the diaphragm.

However, patients with chronic and almost
debilitating respiratory disease may not show the
positive physiologic response observed in a rela-
tively healthy population, as the mechanical
properties (compliance and resistance) of the
total respiratory system may impede the proper
adaptations. With patients who have Chronic
Obstructive Pulmonary Disease (COPD) careful
attention is needed when obtaining clinical his-
tory and during the physical examination in order
to evaluate baseline symptoms, functional capac-
ity and rule out active COPD exacerbation or
respiratory infection [11]. Recent pulmonary
function testing (PFT) is warranted in patients
with new or worsening shortness of breath,
changes in cough and sputum, active wheezing,
or respiratory distress, and oxygen saturation
lower than baseline. Even though in the majority
of COPD patients, a preoperative arterial blood
gas analysis will not significantly change the
anesthetic plan, in patients with known or sus-
pected hypoxemia or hypercapnia it may be use-
ful. However, the following differential changes
during PRA must be evaluated.

Patients with unstable COPD and those with
exacerbations should be optimally managed
according to most recent clinical guidelines [11].

Asthmatic patients should also be carefully
evaluated and investigated since the peri-
anesthetic period can be associated with life-
threatening bronchospasm and status asthmaticus,
particularly during painful procedures before
anesthesia, induction, endotracheal intubation,
and airway irritation during positioning [12]. The
grade or severity of asthma should be assessed a
few weeks prior to elective surgery to allow suf-
ficient time for medical optimization.

A detailed history of the disease, with particu-
lar attention to specific triggering factors, previ-

ous exacerbations, perioperative adverse events,
need for previous hospitalizations and mechani-
cal ventilation, current pharmacotherapy, and
type of asthma control should be explored.
Evidence of recent respiratory tract infection or
poor asthma control (wheezing or diminished/
absent breath sounds indicative of ongoing expi-
ratory airflow obstruction) warrants further eval-
uation before surgery.

Patients with restrictive pulmonary disease
should be evaluated with a physical examina-
tion and recent PFT. Preoperative optimization
of these individuals, most of them under maxi-
mal baseline therapy, often reveals challenges,
and delaying surgery, waiting for further ben-
efits, may be risky from an oncological point of
view.

Preoperative smoking cessation is still under
debate; preoperative short-term smoking cessa-
tion seems to prevent harm for chronic smokers;
however, the benefits are still to be confirmed on
a large scale. On the contrary, various studies
have demonstrated that an intensive smoking ces-
sation strategy has been associated with reduced
pulmonary and wound-healing complications
[13, 14].

Despite scarce evidence in the current liter-
ature, preoperative chest physical therapy and
inspiratory muscle training may also reduce
postoperative pulmonary complications in
high-risk patients [15].

6.3  Anesthesia for PRA

The anesthetic plan, as in general, includes the
evaluation for possible difficult airway manage-
ment, the choice of drugs for induction and main-
tenance of anesthesia, the possible need for large
bore veins, central vein accesses, invasive hemo-
dynamic monitoring, and body temperature mea-
surement devices. Invasive monitoring of blood
pressure through an arterial catheter cannulation is
highly recommended, especially in hemodynami-
cally unstable patients, coronary artery disease or
other myocardial dysfunction, pheochromocy-
toma, Cushing’s syndrome, and expected long or
bleeding surgical procedures.
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An anesthesia team comfortable with manag-
ing all adrenal pathologies (e.g., Cushing, pheo-
chromocytoma), and with the prone patient
position should preferably be available in the
operation room. The primary aim is to deliver an
anesthetic plan which provides stable hemody-
namics in the face of potential catecholamine
surges (especially atlaryngoscopy, retroperitoneal
insufflation, surgical stimulation, and tumor han-
dling) or in the presence of an underlying signifi-
cant cardiomyopathy.

General anesthesia with neuromuscular block-
ing agents and endotracheal intubation is always
performed, as it allows optimal ventilatory con-
trol independently of patient position, facilitates
elimination of carbon dioxide and protects
against aspiration. In most cases, propofol is used
for induction of anesthesia. Etomidate, still used
in various centers for induction of anesthesia, is
controversial in adrenal disease since it can sup-
press the adrenal function for 24 to 48 hours;
anesthesiologists must be aware of this potential
side-effect and be ready with parenteral cortico-
steroids if hypotension arises during the periop-
erative period.

Various inhalation and intravenous anesthetics
can be used for maintenance of general anesthe-
sia for PRA, depending on both patient risk fac-
tors and anesthesiologist’s preference. The use of
nitrous oxide (N,O) for maintenance is not rec-
ommended; N,O can be associated with a mod-
estly higher incidence of postoperative nausea
and vomiting (PONV) than other inhalation anes-
thetic agents (e.g., sevoflurane, desflurane, isoflu-
rane); it diffuses into air-containing closed
spaces, leading over time, for example, to bowel
distention and potentially interfering with respi-
ratory mechanics.

A lung-protective intraoperative ventilatory
strategy should be applied with a tidal volume of
6-8 mL/kg ideal body weight, a fraction of
inspired oxygen (FiO,) of 0.4-0.5, and with
PEEP of 5-10 cm H,O, at a respiratory rate of
8-10 breaths/min. These settings maintain end-
tidal CO, (ETCO,) at approximately 40 mmHg
and oxygen saturation (Sa0,) >94%.

The increase of the respiratory rate, rather
than the tidal volume, is the first attempt to

increase minute ventilation and compensate for
CO, absorption while avoiding barotrauma. Mild
hypercapnia  (i.e., ETCO, approximately
40 mmHg) should be tolerated to avoid baro-
trauma. For severe hypercarbia (i.e.,
ETCO, > 60 mmHg) despite hyperventilation,
signs of subcutaneous emphysema (i.e., crepitus
over the abdomen, chest, clavicles, and neck)
should be ruled out; if severe hypercarbia per-
sists, reduction in CO, insufflation pressure is to
be discussed.

Restrictive fluid therapy is recommended
unless indicated for the specific disease, bleed-
ing, or other needs; avoidance of fluid excess
improves outcome and prevents bowel edema
and interstitial fluid accumulation. In the case of
massive bleeding or cardiovascular impairment,
recovery of hemodynamics can be challenging,
as heart rate, arterial blood pressure, and central
venous pressure are unreliable to guide fluid ther-
apy, and dynamic indicators such as stroke vol-
ume or systolic pressure variation remain
controversial in this setting.

Once general anesthesia has been induced and
the patient adequately monitored and stabilized,
the patient should be turned to the established
surgical position. Careful attention should be
paid after proning to padding the face and other
patient’s parts of the body at risk of position inju-
ries. The upper extremities are at risk of periph-
eral nerve injuries in the prone position. Perfusion
of the arms should be monitored with palpation
of pulses, visual inspection, and a continuous
pulse oximeter. Sequential compression devices
are usually applied for deep venous thrombosis
prophylaxis. In some institutions, a mirror is
placed on the table to allow the anesthesiologist
to see the position of the endotracheal tube.

Some hemodynamic changes are to be
expected just after turning the patient to the lat-
eral or the prone position. In the lateral decubitus
position, a reduction in cardiac output and mean
arterial pressure can be observed. Mechanisms of
this phenomenon include: variable reduction in
venous return and preload for the right ventricle,
as the heart is at a hydrostatic level above the
lower extremities; lack of reflex tachycardia to
compensate for drop in cardiac output (damp-
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ened baroreflex due to general anesthesia); the
rise in intrathoracic pressure (which further
reduces venous return), as abdominal content is
not pushed away from the thorax.

Prone positioning can result in variable effects
on cardiovascular physiology. As with the lateral
position, a decrease in cardiac output is also seen;
this is due to reduction of venous return, cardiac
preload, and stroke volume. Blood sequestration
in dependent body parts seems to be the main
mechanism; other factors include partial caval
compression, chest wall compression, reduced
left ventricular compliance because of increased
intrathoracic pressure, and mechanical ventila-
tion with high PEEP [16]. Compensatory sympa-
thetic tachycardia and an increase in peripheral
vascular resistance may prevent the decrease in
arterial pressure. Normally, an anaesthetized ven-
tilated prone patient will respond to a fluid
challenge.

Besides the significant management chal-
lenges to the anesthesiologist occurring during
removal of functional tumors (e.g., pheochromo-
cytoma), complexity of anesthesia conduction in
PRA is also related to other concerns, above all,
the potential hemodynamic effects of high insuf-
flation pressure in high-risk patients, the conse-
quences of excessive CO, absorption, and the
practice of prone positioning.

Even though there is still controversy on the
use of high insufflation pressure, retroperitoneal
insufflation of CO, has been shown to determine
less hemodynamic serious effects than intraperi-
toneal carbon dioxide insufflation. Despite ini-
tial considerations that higher insufflation
pressure would decrease venous return and cause
hypotension due to compression of the IVC, cur-
rent practice has shown that patients generally
preserve normal cardiac filling pressure and do
not have appreciable reduction in cardiac output.
The high CO, insufflation pressure (>
20-25 mmHg) commonly applied to increase
visualization in the retroperitoneal space has
been demonstrated to only moderately affect the
inferior caval venous return. Since the artificially
created retroperitoneal cavity is much smaller
than the abdominal cavity, the adjacent vena
cava can sustain a gradual, however consider-

able, increase in local pressure, and in non-vol-
ume depleted individuals, the impairment of
circulatory function results negligible.

Giebler et al. demonstrated that in humans,
retroperitoneal or intraperitoneal carbon dioxide
insufflation evokes fundamentally different car-
diovascular changes [17, 18]. They measured the
inferior-to-superior caval vein pressure gradient
and found that this caval pressure gradient differs
with retroperitoneal or intraperitoneal insuffla-
tion for similar insufflation pressure. In contrast
to intraperitoneal insufflation, the gradient
between intra-abdominal and intrathoracic caval
vein pressure remained unchanged with retroper-
itoneal insufflation of carbon dioxide until
20 mmHg of pressure. Furthermore, they
observed that with insufflation pressure greater
than 15 mmHg, intraperitoneal but not retroperi-
toneal insufflation resulted in the impairment of
cardiac filling. Only above 20 mmHg and with
right-sided insufflation, a significant increase in
gradient developed. They also found a non-
prominent increase in gastric or esophageal pres-
sure with retroperitoneal insufflation pressure
even up to 24 mmHg, which assumes that a
smaller amount of pressure is transmitted from
the inflated retroperitoneal cavity to adjacent tis-
sues and to the peritoneal cavity than with intra-
peritoneal inflation.

Studies of hemodynamic changes during
intraperitoneal laparoscopy in patients with car-
diopulmonary disease have reported an increase
in mean arterial pressure, systemic vascular resis-
tance, and central venous pressure, with decreases
in cardiac output and stroke volume during peri-
toneal insufflation [19].

Currently, PRA is increasingly performed
since the common perception is that the retro-
peritoneal laparoscopic approach is associated
with less hemodynamic disturbances and more
cardiovascular stability than the transperitoneal
approach.

However, during PRA for specific diseases
such as pheochromocytoma, intraoperative car-
diovascular instability remains one of the major
operative and anesthetic challenges. Vorselaars
et al. investigated in a large multicenter cohort
study the different intraoperative hemodynamic
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effects of a transperitoneal or retroperitoneal
approach for pheochromocytoma removal [20].
Multivariate analysis of their study showed that
despite comparable overall and cardiovascular
morbidity between the two approaches, the retro-
peritoneal adrenalectomy group was noted to
have a significantly greater number of patients
with mean arterial pressure < 60 mmHg, systolic
blood pressure > 200 mmHg, and pressure vola-
tility requiring drug therapy. Besides the worse
results observed with PRA, authors’ comments
and conclusion were, however, that the operative
approach appeared to only have had limited influ-
ence on hemodynamic instability during unilat-
eral laparoscopic adrenalectomy, while the
important event, consistently associated with det-
rimental cardiovascular effects, seemed to be the
manipulation of the tumor.

In centers that routinely perform PRA, insuf-
flation pressure > 25-30 mmHg is frequently
used, and this condition is very infrequently asso-
ciated with clinically significant hemodynamic
and/or respiratory intraoperative or postoperative
consequences. High pressure of up to 30 mmHg
can be used because of the diameter of the tumor
and anatomy of the retroperitoneal space, yet it
causes only a minor increase in intra-abdominal
pressure. Performing surgery at high insufflation
pressure has been reported to be safe; in fact, it
allows a sufficient working space in the retroperi-
toneum, facilitates early clipping of the adrenal
vein, and by compressing the small veins, it keeps
the operative field dry. Furthermore, since with
retroperitoneoscopy there is little stimulation of
the peritoneum, the sympathetic response and the
catecholamine release is likely less.

The current literature, however, provides lim-
ited evidence to support the routine use of high
insufflation pressure. Although the suggested
benefits of high pressure include improvements
in stroke volume, cardiac output, and mean arte-
rial pressure [17], potential disadvantages on the
contrary may consist of hemodynamic impair-
ment in patients with low cardiovascular reserve
(pressure of 25-30 mmHg in some individuals
often flattens the IVC completely), along with
pulmonary, and acid—base metabolic effects
[20-22].

Recently, Billmann et al. in a multicenter ret-
rospective cohort investigated whether retroperi-
toneoscopy with high pressure (> 25 mmHg)
compared with lower pressure (< 25 mmHg)
reduces operating time and complications [23].
After propensity score matching, they found that
perioperative outcomes, especially perioperative
complications (bleeding, length of hospital stay,
mortality) and operative time did not significantly
differ between the groups. Considering that in
their series neither patient safety nor operative
success were compromised when PRA was per-
formed with insufflation pressure below
25 mmHg, and that the operative procedure had
to be temporarily interrupted due to hypercapnia
in 2.8% of cases in the >25 mmHg group and
0.9% of cases in the 20 mmHg group, authors
call for a careful re-evaluation of the routine use
of high insufflation pressure during PRA. In
order to prevent significant CO, elevations, they
suggest commencing PRA adopting a strategy
based on a moderate pressure, starting with
20 mmHg or less, and with the subsequent option
of increasing insufflation pressure to counter
intraoperative bleeding or exposition difficulties.

Carbon dioxide insufflation during retroperi-
toneoscopic surgery may cause respiratory acido-
sis and the diffusion of carbon dioxide into the
body depends on the site of insufflation.
According to many authors, the retroperitoneal
space offers less of a barrier to carbon dioxide
diffusion than the peritoneum [23, 24]. Streich
et al. demonstrated that not only does retroperito-
neal carbon dioxide insufflation cause more car-
bon dioxide absorption than peritoneal
insufflation, but also absorption of carbon diox-
ide persists after the end of surgery [25]. In their
experience, carbon dioxide absorption accounted
for 40-60% of the basal value, with a tendency to
increase steadily throughout the period of insuf-
flation. In addition, at the end of exsufflation, car-
bon dioxide production returned to its basal value
only in patients undergoing peritoneal laparos-
copy, suggesting a persistence of carbon dioxide
only after retroperitoneoscopy. Another study, on
the contrary, after comparing patients undergoing
PRA with patients undergoing open posterior
adrenalectomy, found no difference in arterial
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carbon dioxide pressure, end-tidal CO,, or arte-
rial pH between groups; in this study the alveolar-
arterial CO, gradient, however, indicated that
absorption of CO, was higher during PRA [26].
In current practice, high CO, insufflation pres-
sure in the retroperitoneum does result in demon-
strable intraoperative hypercapnia mainly if
operative time is unusually long and intraoperative
ventilation becomes difficult because of the
severe underlying disease of the patient or sig-
nificant obesity. The reasons for the easier
absorption of CO, include the high vasculariza-
tion of retroperitoneal space and the high content
of areolar tissue.

Despite the frequent carbon dioxide absorp-
tion/retention, and regardless of large interindi-
vidual variations, in patients undergoing
retroperitoneoscopy, severe hypercapnic acido-
sis is infrequently a big concern as it can be pre-
vented (even if not completely normalized) with
proper adjustments of mode of ventilation.
However, in order to adjust a high alveolo-
arterial carbon dioxide difference, some individ-
uals may require intraoperative ventilation with
large tidal volumes and high respiratory rate,
which become potentially dangerous, in particu-
lar with lung disease or prolonged use. Prolonged
operating times are often associated with a
greater predisposition to respiratory acidosis;
therefore, especially during the learning curve,
the selection of the procedure with a shorter
operating time is recommended.

Surgery in the prone position is another impor-
tant issue, as most anesthesiologists either remain
relatively unfamiliar or become anxious with
prone positioning. Although retroperitoneoscopic
adrenalectomy in the prone position is consid-
ered the best approach for benign adrenal tumors
because it provides the easiest access to the adre-
nal gland, it is not devoid of risks and
complications.

Usually, anesthesiologists are not concerned
with ventilating the patient in the prone position;
as previously reported, mechanical ventilation
has been revealed to be generally safe and the
changes in respiratory mechanics are often
advantageous [8]. However, in patients with
respiratory dysfunction, or in obese individuals,

and in the elderly, the loss of elasticity of the air-
ways and increased chest wall stiffness may
potentiate the increase in airway resistance. The
high resistance of pulmonary parenchyma and
the low compliance of the respiratory system
may make the adjustment of ventilatory setting,
necessary to compensate for important hypercar-
bia, particularly difficult. When lung ventilation
is increased, high ventilatory pressure in these
“susceptible” patients may compromise venous
return to the heart and result in hypotension,
especially with the use of positive end-expiratory
pressure.

Furthermore, in the case of inadvertent intra-
operative hypoventilation or diaphragm displace-
ment, lung collapse takes longer to resolve; this
event, along with a tendency for poor coughing
force, may lead to an increased risk of postopera-
tive hypoxia and respiratory failure.

One of the major concerns for the anesthesi-
ologist is the occurrence of severe complications
associated with the prone position, namely, in
particular, an accidental extubation and an unex-
pected cardiac arrest.

Even if anesthesiologists are trained to antici-
pate or plan for the worst-case scenario, acciden-
tal extubation in the prone position remains a
very risky complication. Prevention of this seri-
ous event is based on the use of a reinforced and
properly secured tracheal tube, whose patency,
security, and correct position are to be checked
and confirmed immediately before and after turn-
ing the patient. If for various reasons the tube
become dislodged, a skilled anesthesiologist may
attempt to reintubate the trachea with the use of a
fiberoptic bronchoscope, otherwise the patient
can be turned supine and subsequently reintu-
bated without delay. Placement of a laryngeal
mask in the prone position has also been done,
providing a temporary patent airway until supi-
nation. The laryngeal mask has also been used as
a conduit for the passage of a fiberoptic scope
and successful tracheal intubation in the prone
position. Another problem with this position is
the risk of difficult removal of bronchial secre-
tions in patients with chronic lung disease; clean-
ing of the tube by suction may be incomplete in
the case of inspissated sputum plugs.
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Cardiac arrest in the prone patient has occurred
and been reported, and its management has been
shown to be extremely challenging. The best way
to treat this life-threatening adverse event is,
whenever possible, to return the patient to the
supine position, where the conventional maneu-
vers become more practical and advantageous. If
for whatever reason immediate supination is not
possible or it takes longer, chest compressions
may be delivered with the hands on the central
upper back, between the scapulae. Two-handed
maneuvers can be also recommended; this tech-
nique provides better counter-pressure between
the chest and the operating table and more effec-
tive compression of the thoracic cage. A “post-
cordial” thump delivered between the shoulder
blades to treat pulseless ventricular tachycardia
has also been reported [27]. Defibrillation in the
prone position should be also attempted, with
anterior and posterior paddles, or with paddles on
left and right sides of the back; however, suffi-
cient energy to the myocardium may not be deliv-
ered owing to anterior displacement of the heart
and also increased transthoracic impedance with
positive pressure ventilation [28]. Due to unfore-
seen intraoperative cardiac events, anterior and
posterior self-adhesive pads should be placed
before prone positioning in high-cardiac risk
patients.

A reduction in cerebral blood flow is postu-
lated in the prone position. Some of the mecha-
nisms deemed responsible are raised intracranial
pressure by increased intrathoracic pressure and
by a reduction in cerebrovenous drainage from
jugular veins, vessels distortion occurring from
external pressure, e.g., from pillows or from flex-
ion or extension of the neck, along with long
rotated head position [29]. The potential reduc-
tion in cerebral blood flow should be considered,
particularly in elderly patients or patients with
vascular disease, where even modest reductions
in cerebral blood flow would be significant.
Careful attention to head and neck position (pre-
serving the neutral position) should be paid dur-
ing turning and while in the definitive prone
position.

Other potential problems arising from posi-
tioning include injuries directly induced by pres-

sure on the exposed area or indirectly by pressure
to the vascular supply of the affected tissue.
Injuries to the peripheral nervous system are not
so infrequent (compression and stretching of
ulnar nerve at the elbow, compression of com-
mon peroneal nerve or other superficial nerves);
signs and symptoms of peripheral nerve injury
(sensory or mixed motor/sensory) do not usually
present early after surgery but rather in the fol-
lowing days [30, 31].

Ophthalmic complications ranging from cor-
neal abrasions to important postoperative visual
loss have been also reported with prone position-
ing [32]. Therefore, it is important that the eyes
should be free from pressure and be checked
regularly during surgery.

Specific complications of retroperitoneal lapa-
roscopy with CO, insufflation at high pressure
may include subcutaneous emphysema and air
embolism. The insufflated CO, may proceed
along the musculofascial planes up to the medias-
tinum, apical pleural space, and the neck. This
emphysema, which manifests especially in case
of long procedures, does not have a negative
impact on the functional recovery of the patient
and wusually resolves within hours of the
procedure.

Venous gas embolism may occur and is
reported during retroperitoneoscopy. However,
clinically significant emboli are very rare. Its
incidence seems far less than the incidence
reported during classical laparoscopic surgery
[33, 34]. Since the retroperitoneal space con-
tains less veins than the intraperitoneal space,
the amount of gas under pressure reaching the
systemic circulation due to possible severed or
disrupted veins during surgery is therefore less.
The typical signs of significant pulmonary
emboli, such as unexplained hypotension,
hypoxemia, abrupt reduction of ETCO, signs of
right heart strain on ECG with a widened QRS
complex, and arrhythmias, are extremely rare
during PRA. In the unfortunate event that it
occurs, supportive fluids and cardioactive medi-
cations, until cardiopulmonary resuscitation is
achieved, may be necessary. Turning the bed
and patient to the left side, and head-down posi-
tion may allow the gas bubble to potentially
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remain in the right heart, thus delaying a mas-
sive bubble floating to the pulmonary artery
(suggested but not demonstrated).

6.4 Postoperative Pain

Management

Retroperitoneoscopic removal of adrenal mass
results in less postoperative pain than the corre-
sponding laparoscopic procedure (less peritoneal
stretch and manipulation of abdominal tissues).

A multimodal approach to postoperative pain
control including acetaminophen, nonsteroidal
anti-inflammatory ~ drugs,  cyclooxygenase,
(COX,)-specific inhibitors, and opioid medica-
tion only as necessary, is generally implemented
in many institutions. Rescue doses of morphine
or pethidine may be administered for the first
postoperative hours to reinforce analgesia pro-
vided prior to the end of the general anesthesia.

The authors’ practice includes the routine
infiltration of the incisions with local anesthetic
at the time of wound closure, and postoperative
administration of acetaminophen plus diclofenac
in those where renal function is not at risk.
Addition of tramadol, in continuous I.V. infusion,
and exceptionally strong opioids, is implemented
for moderate- to high-intensity pain or any break-
through pain.
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Technical Steps of Posterior
Retroperitoneoscopic

Adrenalectomy

Carlos Eduardo Costa Almeida

7.1 Introduction
Posterior retroperitoneoscopic adrenalectomy
(PRA) is an easy-to-learn technique, with a short
learning curve [1]. In a 2019 consensus paper
from the European Society of Endocrine
Surgeons (ESES), the learning curve for PRA
was 20-40 procedures [2]. However, the learning
curve is still a matter of debate since several fac-
tors have an impact on its length (see Chap. 11)
[3]. The surgeon is one of those factors. If the
surgeon already has laparoscopic skills from
other procedures, the learning curve will be
shorter [4]. Some authors report learning curves
below 20 procedures [4—6]. Present in all these
reports is the learning method. As with many
other techniques, learning from an expert is
advised [2, 3]; this is the best way to learn all the
tips and tricks of this procedure.

This chapter aims to describe the technique in
10 standardized steps. Operation table setup,
which instruments to use, and where to stand dur-
ing surgery are important issues for making PRA
easy and safe. Constant coordination among sur-

Supplementary Information The online version con-
tains supplementary material available at https://doi.
org/10.1007/978-3-031-19995-0_7.

C. E. Costa Almeida (D<)

General Surgery, Portuguese Oncology Institute of
Coimbra, Hospital CUF Coimbra, Coimbra, Portugal
e-mail: carloscostaalmeida@yahoo.com

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023

geon, assistant, and scrub nurse is of key impor-
tance. To keep the anesthesiologist permanently
updated about the ongoing surgery and stressful
steps of the procedure is also paramount for
patient safety and surgery success (see Chap. 9).

The description of the technique includes 10
steps, which will help standardize the procedure
in an easy-to-learn format:

—_

. Positioning the patient.

. Placing the first trocars (balloon trocar and
lateral trocar).

. Creating the working space.

. Placing the third trocar (medial trocar).

. Finding upper pole of the kidney.

. Finding the inferior vena cava (IVC).

. Dissecting and ligating the adrenal vein.

. Dissecting the entire gland.

. Retrieving with an extraction bag.

. Final check (hemostasis) and closure.

N
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7.2  Surgical Instruments

and Operation Table Setup

To perform PRA, you need common laparoscopic
materials and instruments. It is a technique that
all surgery departments can perform. A 30° cam-
era and three trocars are used—one balloon tro-
car (12 mm), one 10 mm trocar, and one 5 mm
trocar. The balloon trocar has a small balloon

59

C. E. Costa Almeida (ed.), Posterior Retroperitoneoscopic Adrenalectomy,

https://doi.org/10.1007/978-3-031-19995-0_7

7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-19995-0_7&domain=pdf
mailto:carloscostaalmeida@yahoo.com
https://doi.org/10.1007/978-3-031-19995-0_7

60

C.E. Costa Almeida

around the tip which is insufflated with 20 ml air
and allows the trocar to be fixed to the abdomi-
nal wall, leaving just the tip inside the
retroperitoneum. The other two trocars are those
commonly used in most laparoscopic surgeries.

PRA can be performed using only two instru-
ments: a nontraumatic grasper and an energy
device. We prefer to use LigaSure® 5 mm with
a blunt tip. In this procedure, the curved tip of
the LigaSure® Maryland can eventually help in
dissecting the adrenal vein, though it is not cru-
cial for a safe and effective procedure. Other
surgeons may find it useful to use laparoscopic
dissectors for adrenal vein dissection. You must
know your preference and use the instruments
with which you are comfortable. Finally, an
extraction bag is mandatory for adrenal gland
extraction.

For adrenal vein ligation, we only use
LigaSure®, there is no need to use clips. During
dissection, clips may fall causing a hemorrhage
that may prove difficult to control. The energy
device promotes a safe and effective ligation of
both adrenal veins and adrenal arteries.

Good and correct patient positioning is crucial
to perform PRA, which makes operation table
setup of paramount importance (Fig. 7.1). One
roll must be placed under the anterior iliac crests
and another under the patient’s thorax. This will
allow for the abdominal viscera to fall away from

Fig. 7.1 Operation table setup. The rolls are placed to
support the iliac crests and the thoracic wall. Attention
should be given to the supports placed to support the
bended knees

the retroperitoneum. The table must be set up to
allow a nearly 90° hip flexure and to support the
bended knees. We use adjustable supports
attached to the operation table to help place it in
line with the patient’s body size.

7.3  Surgical Team

The surgical team is composed of the surgeon,
the first assistant, and the scrub nurse. The sur-
geon and the first assistant stand on the same side
of the gland to be removed; the scrub nurse stands
on the opposite side. The screen must be in front
of the surgeon, at his or her eye level. The sur-
geon will use both working ports, while the first
assistant will manipulate the camera throughout
the entire procedure.

7.4  Step-by-Step

Standardizing a procedure is very important in
the learning phase. This standardized step-by-
step approach is also useful at the beginning of
the learning curve. However, changing one or
more steps of the procedure may be necessary
depending on the intraoperative findings. A
good and expert surgeon must have the skills to
adapt to each situation. The experience gained
in different minimally invasive procedures is
particularly important and helpful; what you
learn in one procedure may be helpful in a dif-
ferent one. A surgeon who already has laparo-
scopic skills from other surgical procedures
will be able to shorten the learning curve for
PRA [4, 7].

7.4.1 Positioning the Patient

Only a good and correct patient positioning will
make PRA safe and feasible. The patient is placed
in a prone position. Arms are placed above and to
the side of the head. Iliac crests and thorax are
placed on rolls to make abdominal viscera fall
away from the retroperitoneum; this is crucial for
creating the working space. Thighs are placed in
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Fig. 7.2 Positioning the patient. Without correct positioning, PRA cannot be performed safely and efficiently

a near to 90° flexion position, with bent and sup-
ported knees (Fig. 7.2). Surgeons should take
their time in this setup phase, as attention to detail
will make the procedure easier.

7.4.2 Placing the First Trocars
(Balloon Trocar and Lateral
Trocar)

Trocar placement is a crucial step in all laparo-
scopic procedures. If wrongly placed, trocars will
make surgery difficult, will cause pain in the sur-
geon’s arms and back, will cause anxiety in the
surgical team while struggling with the instru-
ments, and will decrease patient safety. The bal-
loon trocar (12 mm) is placed below the tip of the
12th rib (in all patients you can touch and feel the
tip of the 12th rib). The 5-mm trocar is placed lat-
erally and below the tip of the 11th rib. The third
trocar (10 mm) will be placed in the midpoint
between the spine and the balloon trocar (Fig. 7.3).

To place the balloon trocar, make a 1.5-cm
skin incision with a no. 11 blade below the tip of
the 12th rib. Go through the lumbar wall with
Metzenbaum curved scissors and enter the retro-
peritoneum. Care must be taken not to injure the

subcostal nerve. Open the incision wide enough
to place your finger inside the retroperitoneum.
Touch the tip of the 11th rib with your finger.
Under finger control, place the 5-mm trocar
toward the adrenal gland (Fig. 7.4). Place the bal-
loon trocar in the first incision, insufflate the bal-
loon with 20 ml air, then pull and lock the trocar
(Fig. 7.5). Insufflate the retroperitoneum through
the balloon trocar up to 20-25 mmHg (we use
25 mmHg) [4, 8, 9].

7.4.3 Creating the Working Space

Before placing the third trocar, you must create a
working space. Place the 30° camera in the bal-
loon trocar, and work with the LigaSure® or a
nontraumatic grasper. In the beginning, set the
30° upward. If the perirenal fascia is not open
yet, open it with the instrument you are using.
The objective is to pull down all the perirenal fat
and create a wide working space. At this phase,
the surgeon works with the camera and the instru-
ment (Fig. 7.6). This step is completed when the
surgeon sees the perirenal fat covering the kidney
and the adrenal gland at the bottom of the image
(Fig. 7.7).
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Fig. 7.4 Placing lateral 5 mm trocar. Through the first
incision, place your index finger inside the retroperito-
neum. Under finger control, place the trocar below the tip
of the 11th rib toward the adrenal gland

Fig.7.5 Balloon trocar (12 mm) and 5 mm lateral trocar
in place

7.4.4 Placing the Third Trocar
(Medial Trocar)

Place the third trocar (10 mm) in the midpoint
between the spine and the balloon trocar. It will
be immediately lateral to the border of the spinae
erector muscle. You must place it at an extremely
acute angle toward the adrenal gland position.
Control the entrance of the trocar with the
camera.

7.4.5 Finding Upper Pole
of the Kidney

This is the key point of the technique. A major
difficulty for surgeons who are new to PRA is the
lack of anatomical landmarks. In obese patients
and in patients with Cushing’s Syndrome you
will only see fatty tissue. You must find a land-
mark to guide you throughout the remaining pro-
cedure. Finding this landmark—the upper pole of
the kidney—can be challenging.

Move the camera to the medial trocar and set
the 30° downward, pointing directly to the perire-
nal fat covering the kidney and adrenal gland.
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Fig.7.6 The surgeon creates a good working space using
a camera and instrument

Fig.7.7 Creating working space. (a) Pull down the peri-
renal fat. (b) Adrenal and kidney within the perirenal fat,
after creating a good working space

Pull down the perirenal fat and the kidney within
the fat. Start cutting through the perirenal fat
from lateral to medial (Fig. 7.8). This will help
avoid injuring the renal vessels. When the upper
pole of the kidney is identified, pull it down, and
cut the fat and areolar tissue between the kidney
and the adrenal gland (Fig. 7.9). When this dis-
section goes medially, identify the inferior adre-
nal arteries and ligate them with the energy
device.

Fig. 7.8 Finding the upper pole of the kidney. Use the
nontraumatic grasper to pull the perirenal fat. From lateral
to medial, use the energy device to cut through the perire-
nal fat until you find the upper pole of the kidney

Fig. 7.9 Dissecting the adrenal gland from the upper
pole of the kidney. Use the nontraumatic grasper to mobi-
lize the kidney and cut the fat between the two structures
with the energy device

Dissection during PRA has two directions: lat-
eral to medial and bottom to top. The objective of
the lateral to medial dissection is to find the upper
pole of the kidney, separate the gland from the
kidney, and leave the adrenal fixed to the dia-
phragm while avoiding the renal vessels. Since
the gland is within the perirenal fat, you may not
see it during the whole procedure.

7.4.6 Finding the Inferior Vena Cava
(IVQ)

In right-sided PRA, you will work close to the
posterior wall of the IVC. After dissecting the
gland from the upper pole of the kidney, you
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must identify the IVC medially and anterior to
the gland. You must keep dissecting inferomedi-
ally to the gland, cutting all the fatty tissue, and
using smooth blunt dissection until finding the
“big blue,” which identifies the IVC (Fig. 7.10).
While conducting the referred dissection, “pinch
and pull” the perirenal fat to be sure you are not
grabbing the vein. When you have identified the
IVC, use blunt dissection to separate the gland
from the vein. This dissection goes “bottom to
top” starting at the lower pole of the adrenal
(Fig. 7.11). The blunt dissection should be done
with smooth movements, close to the vein and
along its posterior surface. Meanwhile, use the
energy device to ligate medial adrenal arteries,
which lie in a retrocaval position. This will help

Fig. 7.10 Finding the IVC. The posterior surface of the
IVC (dashed white lines) is found dissecting inferomedi-
ally to the adrenal. Medial adrenal arteries are crossing
over the vein in a retrocaval position (white arrows)

Fig. 7.11 Dissecting the gland from the IVC. Use blunt
dissection to free the gland from the IVC (dashed white
line). This dissection goes “bottom to top” starting at the
lower pole of the adrenal

dissect the gland from the IVC. Always use extra
care when using energy close to the vein, ensur-
ing that the venous wall is not pinched by the
device.

7.4.7 Dissecting and Ligating the
Adrenal Vein

The next crucial step of the procedure is to dis-
sect and ligate the adrenal vein. Dissecting the
adrenal vein may only be carried out with the
energy device (LigaSure®), or with a laparo-
scopic dissector. The energy device may also be
used to ligate and cut the adrenal vein; there is no
need to use clips.

On the left-hand side, you will find the adrenal
vein in the inferomedial aspect of the gland. After
dissecting the gland from the upper pole of the
kidney from lateral to medial, carefully ligate the
inferior adrenal arteries. A long left adrenal vein
draining into the phrenic vein and left renal vein
will arise (Fig. 7.12). Grab the vein with the non-
traumatic grasper. Use the LigaSure® to dissect,
ligate, and cut the vein (Fig. 7.13). You can con-
tinue to grab the vein to help mobilize the gland
during the remaining procedure.

On the right-hand side, finding and dissect-
ing the short adrenal vein can be a difficult task.
From the posterior anatomical perspective, the
vein is found in front of the gland in a postero-
medial position, between the posterior surface
of the IVC and the anterior surface of the adre-

Fig. 7.12 Left adrenal vein. A long left adrenal vein
(white arrow) in a patient with a 5-cm pheochromocytoma
of the left adrenal gland
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Fig.7.13 Dissecting the left adrenal vein. Dissect, ligate,
and cut the vein with the energy device. There is no need
to use clips

Fig. 7.14 Identifying the right adrenal vein. Gently lift
the gland from the posterior surface of the IVC to find a
small right adrenal vein (white arrow)

nal. The right adrenal vein usually drains
directly into the IVC. However, be aware of
possible anatomical variations (12.8%), espe-
cially a right adrenal vein draining into a poste-
rior hepatic vein [10]. A good dissection is
paramount to ligate the correct vein. Dissecting
the right adrenal vein should be conducted with
extreme care. Gently lift the gland with the
grasper; with this movement, a small fold on
the IVC is formed, identifying the location of
the adrenal vein (Fig. 7.14). While keeping the
gland lifted with the grasper, use the energy
device or a laparoscopic dissector to smoothly
dissect the adrenal vein (Fig. 7.15). Then, pro-
ceed to ligate and divide the vein with
LigaSure® (Fig. 7.16).

Fig. 7.15 Dissecting the right adrenal vein. The energy
device can be used to dissect the right adrenal vein. Use
smooth movements to avoid vascular injuries and
bleeding

Fig.7.16 Ligating and cutting the right adrenal vein with
the energy device. There is no need to use clips

7.4.8 Dissecting the Entire Gland

At this stage, the gland is separated from the kid-
ney, the adrenal vein is already ligated, and on the
right-hand side, the adrenal is almost completely
separated from the IVC. The gland is only fixed
by its superior adhesions. You must ligate the
remaining medial adrenal arteries and the supe-
rior adrenal arteries, while dissecting the gland
from the surrounding structures. Use the energy
device to ligate the adrenal arteries and use blunt
dissection to free the entire gland from the sur-
rounding structures (Fig. 7.17).

On the left-hand side, you are close to the tail
of the pancreas, the spleen, and the splenic ves-
sels. Avoid opening the peritoneum.
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Fig.7.17 Dissecting the entire gland from the surround-
ing structures. Use blunt dissection and ligate medial and
superior adrenal arteries. (a) Use the energy device. (b)
Left adrenal with a 5-cm pheochromocytoma fully mobi-
lized and ready for extraction

On the right-hand side, pay attention until you
have freed the gland from the IVC. This can be
safely done with a combination of blunt dissec-
tion and energy. You are working very close to
the bare area of the liver.

7.4.9 Retrieving
with an Extraction Bag

After freeing the entire gland, you must retrieve
it. Insert an extraction bag through the balloon

Fig.7.18 Retrieving with an extraction bag

trocar. Place the gland inside the bag and close it.
Deflate the balloon and remove both the trocar
and the extraction bag with the gland inside. In
big lesions, you may need to remove the gland in
fragments. Introduce the balloon trocar once
again and insufflate to 20-25 mmHg (Fig. 7.18).

7.4.10 Final Check (Hemostasis)
and Closure

Wash the surgical field with saline solution and
check for hemostasis (Fig. 7.19). The high pres-
sure of the pneumoretroperitoneum tamponades
bleeding of small vessels, and this can lead to a
false sense of security. The pneumoretroperito-
neum may be decreased to 5 mmHg and the sur-
geon may check for hemostasis. However, since
the balloon trocar was temporally removed in the
previous step, pressure has been zero for a while;
if there is no blood accumulation when returning
to retroperitoneum, hemostasis is good. A drain
is not usually necessary. Close the aponeurosis
and suture the skin as usual (Fig. 7.20).
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Fig.7.19 Checking for hemostasis. The posterior surface
of the IVC (dashed white line) is exposed after a right
adrenal resection. There is no bleeding

Fig. 7.20 End result. The patient cannot see the three
incisions in the lumbar area. PRA has excellent cosmetic
results

7.5 Tips and Tricks

PRA is a safe and feasible procedure. It is fast,
effective, and has a low rate of complications.
Experience and skills in laparoscopic surgery
gained through conducting different procedures
will help shorten the learning curve (see Chaps. 8
and 11). Knowing tips and tricks is paramount for
performing PRA. Although working with an
experienced surgeon is the best way of learning
the technique [2, 11], the following list will help
a surgeon to overtake some common difficulties
he or she may find during this procedure.

* Place the trocars at an acute angle toward the
adrenal. This is crucial for safe and comfort-
able gland dissection. In obese or male patients
with a thick muscle wall, the correct place-

ment of the trocars toward the gland becomes
even more important.

In obese patients with Body Mass Index
(BMI) >35, increasing pneumoretroperito-
neum up to 30 mmHg can help to create a
good working space [7]. Patients with BMI
>45 are not good candidates for PRA [12].
Increasing pneumoretroperitoneum pressure
to 30 mmHg can also help tamponade bleed-
ing of small vessels [13]. However, bleeding
usually comes from small veins and arteries
and is easily controlled by the 20-25 mmHg
pressure and by the energy device [14-16].
We have never used clips for bleeding control,
but they are a possibility if used with caution.
Significant bleeding is a rarity. If that happens,
applying compression with a gauze is the fast-
est and simplest way of controlling the bleed-
ing [17]. See Chap. 9 for Management of
Vascular Injuries.

Finding the upper pole of the kidney is para-
mount to give the surgeon the anatomical
landmark to go on safely with the procedure
[4, 6]. This is the key point of PRA.
Dissection must always be from “lateral to
medial” and from “bottom to top” starting at
the lower pole of the adrenal. On the right-
hand side, dissection should be done in a
clockwise movement from 3 to 9 h. On the
left-hand side, dissection should be done in a
counterclockwise movement from 9 to 3 h
[13]. Respecting these dissection directions
will help to avoid injury to the renal vessels.
Retroperitoneal fatty tissue can be a problem
while working in the retroperitoneum, espe-
cially in obese patients or patients suffering
from Cushing’s Syndrome. Removing the
fatty tissue (e.g., by suctioning) around the
upper pole of the kidney and the adrenal gland
can help in exposing anatomical landmarks
[14].

The left adrenal gland has a different anatomi-
cal position than the right gland. Because the
left adrenal falls in front of the upper part of
the anterior surface of the left kidney, an
extended mobilization of the kidney is manda-
tory to promote complete gland resection.
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This will be easily achieved by applying pres-
sure on the upper pole of the kidney with the
nontraumatic grasper.

The medial aspect of the right adrenal goes
lower along the medial border of the kidney.
This anatomical characteristic should be taken
into consideration for complete gland resec-
tion. Inferomedial dissection will find the
inferior adrenal arteries, which must be ligated
with an energy device. You should pay atten-
tion to the IVC to avoid injury.

When dissecting near the IVC, “pinch and
pull” the fatty tissue to assure you are not
grabbing the vein. If you feel no resistance
when pulling, the IVC is free.

Ligating the medial adrenal arteries which
cross the vena cava in a retrocaval position
may help to expose the IVC [13].

From the posterior anatomical perspective, the
right adrenal vein is behind the gland and in
front of the IVC. It is usually a short vein that
may be difficult to find and dissect. Gently
lifting the right adrenal from the IVC will
form a small fold on the posterior surface of
the IVC, thus locating the right adrenal vein.
Anatomical variations of the adrenal vein can
be found on the right side (12.8%), they rarely
occur on the left-hand side [10]. Typically, the
right adrenal vein drains directly into the pos-
terior surface of the IVC (87.5%). In 1.6% of
patients, the right adrenal vein drains into a
posterior hepatic vein, and in 6.3% it drains
into the IVC just caudal to a hepatic vein.
Other variations include two adrenal veins
draining into the IVC (3.1%), or one adrenal
vein draining into the IVC immediately cra-
nial to the renal vein [10]. A good dissection
and adrenal vein identification will avoid
bleeding and inadvertent ligation of a hepatic
vein.

To keep grabbing the left adrenal vein with the
nontraumatic grasper after ligation can help to
mobilize the gland throughout the remaining
procedure without capsule rupture. This tip is
not valid for the short right adrenal vein.
During Step 8 (Dissecting the Entire Gland),
dissecting from “top to bottom” may some-
times help mobilize the entire gland.

e During PRA you may enter the peritoneal cav-
ity from behind. However, because there is no
compression of the retroperitoneum by the
abdominal viscera, surgery can still be com-
pleted by using the posterior retroperitoneo-
scopic approach without taking any action [14].

e Inrare situations, a fourth trocar can be placed
below the line of the first trocars [14]. In a
major vascular injury, it can be used to place a
vascular clamp to control bleeding. In obese
patients this trocar can be used for kidney
retraction.

Video of Posterior
Retroperitoneoscopic
Adrenalectomy

7.6

All the 10 steps of PRA described above are dem-
onstrated in a step-by-step video (Video 7.1).

7.7 Postoperative Care

At the end of procedure, the patient returns to the
surgery ward. First oral intake occurs in the after-
noon, and the patient stands up and walks.
Acetaminophen is usually enough for postopera-
tive pain control. Patient is discharged home the
next day, only on painkillers (e.g., acetamino-
phen) as needed.

An exception exists for pheochromocytoma.
Pheochromocytoma patients are usually preoper-
atively treated with o-adrenergic receptor block-
ers (e.g., phenoxybenzamine). The reason for
using a-blockade is the reduction of both mortal-
ity and perioperative cardiovascular complica-
tions, including hemodynamic instability during
surgery [18, 19]. However, according to Groeben
et al., the indication for preoperative a-blockade
is based on low-quality studies [18]. In 2020,
these authors conducted a multicenter retrospec-
tive study of 1870 patients treated for pheochro-
mocytoma or paraganglioma by minimally
invasive surgery and compared those who received
preoperative a-blockade (343) with those who did
not (1527). Intraoperative hypertensive crises
(arterial blood pressure peaks >250 mmHg) were
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identical in both groups (p = 0.086). Postoperative
complication rate related to catecholamines-pro-
ducing tumors (sustained hypotension, orthostatic
dysregulation, sustained arrhythmia, cardiac
decompensation, myocardial infarction, stroke,
symptomatic hypertension, acute respiratory fail-
ure) was 5.9% with a-blockade and 0.9% without
a-blockade (p < 0.001). The mortality rate was
identical in both groups: 0.5% with blockade and
0.3% without blockade. Groeben et al. concluded
that preoperative a-blockade increases preopera-
tive orthostatic hypertension, does not decrease
intraoperative hypertensive crises, does not reduce
postoperative complications, and promotes sus-
tained postoperative hypotension [18]. Although
this study questions the utility of preoperative use
of a-adrenergic receptor blockers in pheochromo-
cytoma and paraganglioma (PPGL) patients, there
are no criteria regarding which patients may or
may not benefit from the a-blockade. Until more
studies are available, preoperative a-blockade is
the standard of care for all patients with hormon-
ally functional PPGL, as advised by endocrine
guidelines [19]. In that setting, we usually prefer
that these patients stay in the Intensive Care Unit
(ICU) for the first 24 h. The constant monitoring
of heart rate and blood pressure of the patient in
the ICU is crucial because of the possible hemo-
dynamic complications, such as sustained hypo-
tension during the immediate postoperative
period. To avoid rebound hypoglycemia, glucose
plasma levels should also be monitored in the
postoperative period [19]. If everything goes
uneventful, the patient can be discharged home
after the second postoperative day. To confirm
complete tumor removal, biochemical testing
should be performed 2—4 weeks after surgery. A
lifelong follow-up with annual biochemical test-
ing is advised for PPGL patients [19].

7.8  Final Notes

Standardizing a procedure is the best way to learn
it. The above description in 10 main steps aims at
providing the reader with an easy-to-learn stan-
dardized sequence. However, surgeons must be
aware that small changes to the surgical tech-
nique may be necessary to overtake unexpected

difficulties during surgery. Having laparoscopic
skills from other different procedures and having
a solid background in surgical techniques can be
of good value in a stressful situation.

The main difficulty for surgeons new to PRA
is the lack of anatomical landmarks. The key
point of the technique is finding the upper pole of
the kidney. This step immediately gives the sur-
geon the anatomical landmark he or she needs to
proceed with PRA safely and efficiently. Working
with high pressures of pneumoretroperitoneum
(20-25 mmHg) is also crucial to creating a wide
working space. Additionally, incorrect patient
positioning can make surgery impossible, so sur-
geons should take their time in the initial setup
phase.

Prone position and high pneumoretroperito-
neum pressures can be associated with stressful
anesthetic situations (see Chap. 6). At the begin-
ning of the learning curve, discuss the surgical
technique with your anesthesiologist to make
him or her comfortable with patient positioning
and high pressures used in PRA.

The success of the surgery depends on the sur-
geon, the assistant, the anesthesiologist, and the
scrub nurse. A preoperative briefing discussing
the clinical case, the procedure about to be con-
ducted, crucial technical steps, and possible pit-
falls, will help increase the competence and
confidence of the entire team.
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Intraoperative Complications
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8.1 Introduction

Minimally invasive adrenalectomy, either laparo-
scopic or retroperitoneoscopic, has largely
replaced open surgery since it was first described
in 1992. The initial enthusiasm was factually
confirmed over the years; a retrospective com-
parative study between open (n = 592) and lapa-
roscopic (n = 1980) adrenalectomy performed in
the United States of America between 2005 and
2009 showed a 4.6-fold increased risk of serious
complications, requiring Intensive Care Unit
(ICU) care, and a 4.9-fold increased risk of mor-
tality for laparotomy compared with laparoscopy,
despite baseline comorbidities [1]. The excellent
results of minimally invasive adrenalectomy have
been published in many large series also in recent
years, with the rate of intraoperative and postop-
erative complications reported in the different
studies ranging from 0% to 15% for unilateral
adrenalectomy, to over 23% for bilateral adrenal-
ectomy [2-8]. However, despite the recognized
safety and efficacy of minimally invasive adre-
nalectomy, the rate of intra- and postoperative
complications is not negligible.
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Nowadays, the most widely used minimally
invasive adrenal procedures are the transperitoneal
laparoscopic adrenalectomy (TLAdr), in the lat-
eral position, and posterior retroperitoneoscopic
adrenalectomy (PRA), in the prone position; nev-
ertheless, also a lateral retroperitoneoscopic
approach is performed in some centers, and robotic
adrenalectomy is being improved [9].

The advantages of TLAdr compared to open
surgery, such as less postoperative pain, shorter
hospital stay, appealing cosmesis, and fewer
intraoperative and postoperative complications,
have made this operation the gold standard for
adrenal lesions [10]. In a French retrospective
study evaluating the complications observed in a
series of 169 consecutive TLAdr (performed at
the same center, for a variety of disorders), 12
patients (7.5%) had significant complications:
three peritoneal hematomas (two of which
required a re-laparotomy), one parietal hema-
toma, three intraoperative bleeding episodes
without need for transfusion, one partial infarc-
tion of the spleen that regressed spontaneously,
one pneumothorax, two deep venous thromboses,
and one capsular effraction of the tumor, with an
overall average length of hospital stay of 5.4 days
(range 3—15 days); mortality was not reported
[6].

However, many studies indicate that PRA is
superior to laparoscopic adrenalectomy regard-
ing operation time, pain score, blood loss, com-
plications rate, and return to normal activity. The
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posterior retroperitoneoscopic approach to the
adrenal glands offers the benefits of the open pos-
terior route and of minimally invasive technique,
by a direct and minimal access to the area at the
same time.

Between 1993 and 1994, the PRA technique
was gradually implemented in different coun-
tries. Early descriptions were published from
Turkey, the United States of America, Italy, and
Germany [1, 7, 11]. Further studies demonstrated
operative feasibility and—compared with the
laparoscopic approach—shorter operative times
and minor blood loss [12, 13]. In the largest series
of PRA in the literature—560 procedures per-
formed on 520 patients—Walz and colleagues
reported a 2% conversion rate, a mean operating
time of 67 minutes, and a very low complication
rate (major complications in 1.3% of patients,
minor complications in 14.4%) [8]. Intraoperative
complications included pleural tears in four
patients: these were managed by sealing the leak
with pressure or by the placement of a pleural
drain until the end of the surgical procedure, and
in any case conversion to an open procedure was
not required. Postoperative complications
included one case of myocardial infarction, two
cases of pneumonia, and one pneumothorax.
Four patients developed postoperative hemato-
mas, and one of them required a blood transfu-
sion and reoperation. There was a significant rate
of injury to the subcostal nerve (47 patients;
8.5%), which led to hypoesthesia and/or relax-
ation of the abdominal wall; however, these side
effects were usually temporary [8].

Several retrospective studies have compared
PRA and TLAdr [5-7, 14, 15]. Overall, these
studies found a decrease in operating time and
intraoperative blood loss with PRA and no differ-
ence in long-term outcomes. In two small ran-
domized prospective trials comparing minimally
invasive retroperitoneal and transperitoneal
approaches, no differences in operating time,
complications, or analgesic requirements were
found, but both studies considered surgery by a
lateral, not a posterior, retroperitoneoscopic
approach [12, 15].

This chapter analyzes the complications of PRA,
often in a comparison with the most performed
TLAdr, using the available data in the literature.

8.2  Vascular Injury, Hemorrhage,
and Cardiovascular

Complications

The major potential complication of adrenal sur-
gery is the arterial and venous bleeding: injuries
to blood vessels represent the most common
intraoperative complication of adrenalectomy,
with a reported incidence up to 5.4% [16]. This
high number of vascular injuries can be explained
by the location of the adrenal gland and by its
proximity to the main retroperitoneal vessels. In
particular, on the right side, the adrenal vein is
very short, and regularly enters the vena cava lat-
erodorsally, so its exposure is the main risk for
vein laceration, especially during the dissection
of large tumors, which are inevitably associated
with greater traction on the vein. A French series
on the outcomes of laparoscopic adrenalectomy
described four conversion cases (2%) in 204
right-sided operations after intraoperative injury
to the inferior vena cava (IVC) [3]. These data are
consistent with the results of a German series of
174 minimally invasive surgeries (144 laparo-
scopic and 30 retroperitoneoscopic), which also
describes four cases of conversion for hemor-
rhage (2.3%), with no further discussion of the
cause of the hemorrhage or whether they occurred
during laparoscopic or retroperitoneoscopic sur-
gery [14].

The posterior approach allows early transec-
tion of the transverse arteries originating from
the aorta, thereby facilitating the dissection of
the adrenal gland from the vena cava on the right
side. Bleeding from venous vessels coming from
suprarenal veins or IVC is usually well con-
trolled by clips or compression. Importantly,
anatomical variants of suprarenal veins on the
right side, such as the common venous trunk
between the adrenal vein and accessory posterior
hepatic veins, may present difficulties in the dis-
section and can potentially cause harmful hem-
orrhagic events. However, given the restricted
retroperitoneal space and the high CO, insuffla-
tion, the total blood loss is usually limited [17].
In fact, the high CO, insufflation pressures (>
20 mmHg) used to increase visualization in the
retroperitoneum not only allow a sufficiently
large working space, but, as an added benefit,
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compress small veins, minimizing bleeding and
ensuring a dry field.

Although arterial vessel damage is less com-
mon during dissection, the renal artery or one of
its terminal branches may be injured during both
laparoscopy and retroperitoneoscopy. However,
there is a lower reported risk of arterial injuries
by PRA and the bleeding from small arterial ves-
sels can be easily controlled by clips [17]. Most
commonly, careless use of clips or vessel-sealing
instruments may lead to unnoticed occlusion of
the renal vessels and consequently to segmental
infarction of the parenchyma, or, less often, to a
complete loss of the ipsilateral kidney [3, 18].

Vascular injury can be also explained by
incomplete exposure and accidental direct impact
of laparoscopic instruments on the vessels wall or
by their thermal damage. Intraoperative manage-
ment of such lesions requires a high level of
expertise in minimally invasive surgery and is the
reason for conversions to laparotomy for endo-
scopically uncontrollable hemorrhage (see
Chap. 9 for vascular injuries management). In
the series of 560 retroperitoneoscopic adrenal-
ectomies published by Walz and colleagues, no
conversion due to vascular injury was observed,
and other authors have reported similar results
[8, 11, 19]. In a Dutch study involving 112 PRA
performed in 105 patients, after operation one
patient required re-exploration for persistent
bleeding from the muscular part of a trocar
insertion site, while minor complications,
including flank hematoma, occurred in five
patients [19].

The risk of air embolism is theoretically
increased with the use of high insufflation pres-
sures; this complication has been rarely reported
[20, 21]. It may be caused by tears in large retro-
peritoneal vessels, mainly the IVC. In fact, nor-
mally, the high insufflation pressure during the
retroperitoneoscopic approach keeps the vein
compressed and does not permit significant
bleeding or gas embolism; however, in some
cases, a short period of accidental traction may
keep it open permitting the embolism (Fig. 8.1).
Moreover, while intraperitoneal filling pressures
greater than 15 mmHg have been shown to
decrease cardiac filling, retroperitoneal insuffla-

Fig. 8.1 Inferior vena cava (IVC) injury (white arrow)
during right posterior retroperitone oscopic adrenalectomy

tion at high pressure increases stroke volume,
cardiac output, and mean arterial pressure [22].
Furthermore, in reported extensive experience,
no patient had iliac or femoral vein thrombosis or
pulmonary embolism [8].

Although high CO, insufflation pressures in
the retroperitoneum can result in demonstrable
intraoperative hypercapnia, this condition has not
been associated with clinically significant intra-
operative or  postoperative  consequences.
Interestingly, a recent study that compared
patients undergoing PRA with patients undergo-
ing open posterior adrenalectomy found no dif-
ference in arterial carbon dioxide pressure
(PaCO0,), end-tidal CO,, or arterial pH between
groups, although the alveolar-arterial CO, gradi-
ent indicated that absorption of CO, was higher
during PRA [23]. Hypercapnia appears to be
potentially clinically significant only if surgery is
unusually long, and the patient is difficult to ven-
tilate at baseline because of obesity or underlying
lung pathology.

8.3  Retroperitoneal Fatty Tissue

Adrenalectomy can present technical issues,
especially in patients with a large amount of
retroperitoneal fatty tissue, such as in those
with hypercortisolism. These patients can ben-
efit from an endoscopic approach that mini-
mizes abdominal wall trauma. One of the major
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problems in these patients is the lack of an opti-
mal endoscopic vision of the anatomical struc-
tures such as the main vessels. The resection or
the suction of the fatty tissue around the upper
pole of the kidney and the adrenal gland can
facilitate the recognition of the main anatomi-
cal landmarks [17].

No specific studies examining the surgical out-
comes related to large amounts of fat in the retro-
peritoneum have been carried out so far in the case
of PRA, while some information is available about
TLAdr. For example, Erbil and colleagues investi-
gated the implications of the body mass index
(BMI) and retroperitoneal fat area (RFA) in surgi-
cal outcomes of 51 consecutive patients who
underwent TLAdr in a single center, finding out
that in patients with high BMI, a high RFA was
correlated to longer operating time and higher risk
of complications, whereas low RFA was associ-
ated with significantly shorter operating time and
decreased risk of complications; moreover, com-
plications occurred in 50% of patients with both
high BMI and high RFA, mainly because of tech-
nical difficulties and associated comorbidities
[24].

8.4 Injuries of the Intestine

An accidental lesion of the bowel can occur
both at the onset of laparoscopy (primary
access) and during dissection. The incidence
of bowel lesions after laparoscopic adrenalec-
tomy is reported to be 0-1.3% [16]. Bowel
lesions represent a serious complication, being
responsible for 20% of deaths since approxi-
mately 50% of cases remain undiagnosed for
more than 24 h [4]. The bowel may also be
injured because of adhesiolysis, or during the
dissection maneuvers, involving the duode-
num on the right side and the colonic flexure
on the left side. Retroperitoneoscopy in the
prone position precludes bowel injury because
the bowel remains outside the field of dissec-
tion. Therefore, it provides the most appropri-
ate access for patients who have undergone
previous abdominal operations, potentially

presenting a high incidence of adhesions on
the visceral side.

8.5 Injuries to Other Organs

All organs mobilized for proper exposure of the
adrenal glands during TLAdr can be injured.
Kidney and liver may suffer capsular lesions on
the right side, whereas the spleen, pancreas tail,
and kidney can be accidentally damaged on the
left side. The real incidence of such complica-
tions is unclear, as most are small capsular
lesions that are detected intraoperatively and
remain without consequence. Complete mobili-
zation of the pancreatic tail and spleen for left
adrenalectomy has ample potential for serious
intraoperative and postoperative complications.
Rupture of the splenic capsule may be the reason
for conversion or, if not recognized intraopera-
tively, may be responsible for postoperative
hemorrhage. Injury to the pancreatic capsule, the
incidence of which has been reported as high as
8.6% [19], can lead to pancreatic fistula or
abscess formation. In a French study that ana-
lyzed the risk factors for complications of adre-
nalectomy in 462 patients, left adrenalectomy
was the only risk factor for surgical complica-
tions [8]. In this series, 8 patients developed
postoperative fluid retention in the upper abdo-
men, which required computed tomography-
guided drainage in 6 cases. In all six patients, a
postoperative pancreatic fistula was causative for
the retention. In one case, surgical drainage was
necessary in the further course of necrotizing
pancreatitis. The kidney is rarely involved, with
3 segmental renal infarctions described in the
same series after transection of upper renal polar
arteries [8].

PRA offers undisputed advantages, as it does
not require visualization and dissection of the
liver on the right and pancreas and spleen on the
left. Only the kidney is mobilized during retro-
peritoneoscopic surgery and may be injured.
These capsular lesions can usually be managed
intraoperatively without difficulty; renal hemato-
mas, which may form postoperatively, usually do
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not require reoperation and can be treated
conservatively.

Abdominal Wall Relaxation
and Hypoesthesia

8.6

Relaxation and/or hypoesthesia of the abdominal
wall are typical complications of the posterior
retroperitoneoscopic approach [23]. Abdominal
wall relaxation is characterized by a decreased
muscle thickness of the affected area, without a
gap in the continuity of the fascia, due to the
injury of nerve structures, the subcostal nerves
above all, during insertion of trocars and surgical
maneuvers [24]. Longer operating times and
larger wall incisions are often related to a higher
risk of development of abdominal wall defect,
and the higher density of nerve structures along
the spinal cord makes PRA more at risk for this
complication.

8.7  Pleural Lesions

Pleural lesions are also one of the complications
of adrenalectomy, also for PRA. Recognition of
this complication is usually straightforward
because a pneumothorax or pneumomediastinum
develops. The associated change in respiratory
mechanics with increased ventilatory pressures
and end-tidal pCO, as well as a drop in saturation
do not go unnoticed by the anesthesiologist. Most
lesions are not hemodynamically relevant and do
not require therapy, suggesting radiological sur-
veillance; otherwise, a chest drain, which is
removed at the end of the procedure, can be
inserted.

8.8 Misplacement of Trocars

During PRA, the peritoneum cavity can be acci-
dentally opened; thus, in such cases, attention
should be given to the abdominal organs that
eventually become visible, such as the liver or the
spleen. Nevertheless, the procedure can be con-

cluded by the retroperitoneoscopic approach
since, in this case, an adequate working space is
not precluded [17].

8.9 Rare Complications

Wound infections are also described in 1.2-1.4%
of cases, with no significant difference in inci-
dence between laparoscopic and retroperitoneo-
scopic surgery [5].

In addition to the surgical complications sum-
marized above, general complications should
also be mentioned. Pneumonia, pleural effusion,
and pulmonary embolism, as well as cardiac
complications (new-onset arrhythmias, myocar-
dial infarction) and Addison’s Syndrome,
although with a lower incidence (<2%), have
been described in all studies without exception
[3, 8, 22]. It is worth mentioning the incidence of
postoperative deep vein thrombosis and pulmo-
nary embolism after laparoscopic surgery (up to
1.5% and 0.4%, respectively) compared with ret-
roperitoneoscopic surgery, in which these com-
plications were not observed [3, 5, 8, 22].

8.10 Risk Factors
for Intraoperative
Complications

Among different risk factors for the occurrence
of complications during minimally invasive
adrenalectomy, both patient’s and tumor’s char-
acteristics affect surgical outcomes. Among the
former, age and body mass, American Society
of Anesthesiologists Class 3 or 4, and diabetes
appear to be the most influent; among the latter,
the tumor size, and a diagnosis of pheochromo-
cytoma are the most important independent risk
factors. Also, a mass larger than 12 cm in diam-
eter and suspected malignancy are usually con-
sidered relative contraindications to minimally
invasive adrenalectomy because of the higher
risk of peri- and postoperative complications
[4]. The risk of complications after bilateral
adrenalectomy is markedly higher than in uni-
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lateral surgery (up to over 23% versus 0—15%)
[2, 3,7, 8]. Any procedural conversion (to hand-
assisted or open surgery) is also associated to an
increased rate of complications. Moreover,
according to a study investigating the incidence
of perioperative complications in TLAdr in
high- and low-volume surgical departments,
regardless of other risk factors, the whole num-
ber of complications, conversion rate, and non-
surgery-related complications were statistically
lower in the referral centers’ groups (>30 adre-
nalectomies performed annually) than the non-
referral centers [2]. Accordingly, both length of
stay and charges seem to be significantly less for
high-volume compared to low-volume centers
[15]. Additionally, in a 2009 American study,
3144 adrenalectomies were analyzed to define
the impact of surgeon volume and specialty
(general surgeons versus urologists) on postop-
erative outcomes, concluding that patients with
adrenal disease should be referred to surgeons
based on adrenal volume and laparoscopic
expertise irrespective of specialty practice [12].

In conclusion, both TLAdr and PRA should be
preferably performed in high-volume specialist
centers and by experienced surgeons. When
available, robotic approach presents similar out-
comes as laparoscopic adrenalectomy, especially
for left adrenal lesions; however, clear indica-
tions on robotic adrenalectomy are still missing
(see Chap. 12).

8.11 LaparoscopicVersus
Retroperitoneoscopic

Adrenalectomy

A summary of complications after adrenalec-
tomy is shown in Table 8.1, comparing open,
laparoscopic and retroperitoneoscopic approach.

TLAdr is considered a safe and standardized
procedure, even for bigger tumors (>6 cm). The
main advantage of the lateral transabdominal
approach is that it allows gravity-facilitated expo-
sure of the adrenal glands. However, based on the
data presented, retroperitoneoscopic adrenalec-
tomy appears to offer advantages due to extraperi-
toneal dissection, although these cannot be clearly
demonstrated in a comparative study. A recent
meta-analysis comparing laparoscopic (n = 1257),
retroperitoneoscopic in the lateral position
(n = 471), and retroperitoneoscopic in the prone
position (n = 238) also failed to demonstrate a sig-
nificant difference in postoperative complications.
However, splenic injuries and intra-abdominal
abscesses were observed only during laparoscopy
or retroperitoneoscopy in the lateral position,
whereas abdominal wall relaxation and hypoes-
thesia were documented only during retroperito-
neoscopic surgery in the prone position [15].
Abdominal wall relaxation or hypoesthesia, while
always transitory, was reported to have an inci-
dence of 8.5% in a 2006 series [8]. In contrast, a
prospective randomized study with 5 years of fol-

Table 8.1 Complications of adrenalectomy. Comparison between open, laparoscopic, and retroperitoneoscopic access

methods
Laparoscopic Retroperitoneoscopic
Open adrenalectomy adrenalectomy adrenalectomy
Conversion due to vascular | — 2% (3, 23] 0% [8, 19]
injury
Bowel lesions Not investigated Upto 1.3% [16] Not described
Splenic injuries Not investigated 1.2% [3] 0.7% [15]
1.7% [14] (in lateral position)
Pancreatic fistula Not investigated 2.3% [3] Not described

Abdominal wall Incisional hernia up to | Trocar hernia up to 16% | Trocar hernia 0.1%
complications 20% [25] [13] Hypoesthesia 8.5% [8]
Bleeding Up to 5.7% [5] 1.5% 0.7% [8]
Blood transfusion 10.9% [23] 2% (23] 0.2% [8]
Pulmonary embolism 1.2% [1] 0.5% [1] <1% [20, 21]
Pneumonia Up to 5.7% [5] 2.4% [15] 1.7% [15]
Wound infections 4.6% [14] 1.2% [15] 1.4% [15]
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low-up comparing 30 retroperitoneoscopic with
31 laparoscopic adrenalectomies found an inci-
dence of postoperative trocar hernia of 16.1% after
laparoscopy vs. 0% after retroperitoneoscopy [13].

Although conversion of laparoscopic surgery
is not considered a complication, it favors peri-
and postoperative complications. It has been cal-
culated that conversion increases the risk of
postoperative complications with an odds ratio of
6.2 [8]. Therefore, the experience of centers is
important to reduce the rate of conversion, as
demonstrated in an Italian study. In this study, the
authors compared the rate of conversion of refer-
ence centers (>30 adrenalectomies per year) and
other hospitals (<30 adrenalectomies per year)
and observed a significant reduction in conver-
sions from 6.0% to 1.6% in favor of the reference
centers (p = 0.003) [2]. Therefore, the minimum
volume regulation already implemented for other
surgeries could lead to an improvement in the
quality of adrenal surgery, because the appropri-
ate experience can significantly reduce the risk of
postoperative complications.
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Management of Vascular

Injuries (IVC)

Carlos Eduardo Costa Almeida

9.1 Introduction
Minimally invasive surgery has undergone revo-
lutionary changes in the last decades, with more
complex procedures being performed by means
of different approaches. This revolution has been
possible thanks to the existence of new surgical
devices and better image capture devices.
Complex and extended resections and recon-
structions are now being performed safely and
with good outcomes. Surgeons have increased
their laparoscopic skills to such a high level that
almost anything will be possible in a near future.
From a diagnostic tool, laparoscopy has become
a complex and sophisticated treatment method.
As more and more studies have concluded regard-
ing the safety, feasibility and successful out-
comes of laparoscopic techniques, minimally
invasive surgery has become the gold standard
for the treatment of an increasingly large number
of surgical diseases. Posterior retroperitoneo-
scopic adrenalectomy (PRA) is one of those
innovative techniques. It is a product of the lapa-
roscopic revolution, stemming from the need for
being less aggressive and promoting faster
recovery.

The consequence of this minimally invasive
surgery revolution is the occurrence of more
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complex and severe complications than the ones
seen when laparoscopy first started being used [1,
2]. Present-day surgeons need not only to have,
but also explore and develop their skills so that
they can deal with adversity laparoscopically.
However, surgeons must not forget that the
patients’ well-being always comes first.
Conversion to open surgery must not be seen as a
failure but as an option to correctly treat a com-
plex complication.

9.2 The Major Vascular

Complication

Retroperitoneoscopic surgery (renal and adrenal)
has several advantages over the laparoscopic
approach. It has a low rate of complications, most
of them minor [2, 3]. PRA has a lower complica-
tion rate than laparoscopic adrenalectomy.
Additionally, PRA has less operation time, less
postoperative pain, less blood loss, and faster
recovery to normal activity [4].

Major vascular complications during mini-
mally invasive procedures are rare but can be
fatal. The global incidence of vascular injuries
in minimally invasive surgery is 0.2/1000 pro-
cedures. These injuries are associated with a
morbidity rate of 6-13% and mortality of
12-23% [5].
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Minimally invasive adrenalectomy (laparo-
scopic and retroperitoneoscopic) has an overall
complication rate of 0-15% for unilateral sur-
gery and up to 23% for bilateral [4]. In one of the
largest published series on PRA, the complica-
tion rate goes up to 14.4% [3]. Even though the
most common complications are vascular and
visceral injuries during the transperitoneal lapa-
roscopic approach (TLA), there are no data
available on the rate of vascular complications
during PRA [1]. In a 560 PRA analysis from
Walz et al., no major vascular injury was reported
[3]. As the retroperitoneoscopic approach (RA)
is increasingly used, reports of complications
will allow us to assess their frequency and sever-
ity [2]. Meraney et al. report a vascular compli-
cations rate of 1.7%  during 404
retroperitoneoscopic procedures, including renal
surgery and adrenal surgery [1]. These authors
present a total of five vascular complications
affecting renal veins and renal arteries during
nephrectomies, and adrenal vein during adrenal-
ectomy. They were able to laparoscopically con-
trol the bleeding with EndoGIA or vascular clips
because all injured vessels could be ligated dur-
ing the procedure. However, there may be an
injury to a vessel which must be repaired and
preserved. This not only increases difficulty but
also demands vascular suture skills. In an analy-
sis of 316 retroperitoneoscopic urologic proce-
dures (renal and adrenal), Kumar et al. report
seven major vascular complications. However,
none of these complications (0%) occurred dur-
ing adrenal surgery [2].

Vascular injuries during laparoscopic surgery
can occur at entry (75%) or during dissection
(25%) [2, 5]. Because the umbilicus is the pre-
ferred location for the Veress needle and first tro-
car placement in laparoscopy, bifurcation of aorta
and the inferior vena cava (IVC) are the most
common sites of injury at entry. Over 70% of
injuries occur on the right-side iliac vessels, pos-
sibly because of trocar trajectory during place-
ment, considering that the surgeon is standing on
the patient’s left side in many laparoscopic proce-
dures [5]. In PRA, there is no risk for vascular
injury at entry, since first trocar is placed with

digital control and no Veress needle is used.
Vascular injuries will only occur during dissec-
tion (blunt, sharp, or energy devices). During a
PRA, major vascular complications may include
injury to the IVC above the renal vessels, injury
to the renal veins, and injury to the renal arteries.
In all these scenarios, the surgeon must repair and
preserve the vessel. Minor vascular bleeding can
stop spontaneously due to the high pneumoretro-
peritoneum pressure [2, 4].

In a review of 31 cases of major vascular inju-
ries during gynecologic laparoscopic surgery, all
fatalities (22.6%) were due to venous damage on
the right or left side [6]. This data supports the
idea that it is easier to repair an artery than a vein.
Arteries and veins are anatomically different. A
major artery is composed of an endothelium, an
internal elastic lamina, a thick layer of muscle
and elastic fibers, an external elastic lamina, and
an adventitia with vasa vasorum. In contrast, a
major vein has a thin layer of muscle fibers, no
elastic laminas, and the adventitia is the thickest
layer. The vein has a thin wall compared to the
large lumen. Additionally, the diameter of the
arterial lumen is identical to the wall thickness
[7]. Due to these anatomical characteristics, a
vein ruptures easily during repair even if the sur-
geon’s hand movement is smooth.

9.3  Surgical Team and Operation

Room Staff Preparation

A retrospective analysis of 89 cases of retroperi-
toneal major vascular injuries (aorta and/or IVC)
following blunt and penetrating trauma treated in
a Level 1 Trauma Center concluded that factors
for reducing mortality include spending less time
from the admission to the operation stage, aggres-
sive resuscitation method, as well as having
human and material resources ready [8].

In elective surgery, the patient is already in
the operation room, but it is crucial that the sur-
gical team, anesthesiologist, scrub nurse as well
as the remaining operation room staff know
what to do if a major vascular injury happens.
When confronted with this situation, immedi-
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ately inform the anesthesiologist, the scrub
nurse, and the remaining staff; inform the oper-
ating room coordinator; keep the operating
room team updated; ask for help from another
surgeon (vascular surgeon if available); inform
the blood bank for crossmatching (at least
6 units); get fresh frozen plasma and platelets as
required; get O Rh units; assure two large-bore
cannulas for intravenous access; initiate antibi-
otic prophylaxis; keep the patient warm; prepare
for open surgery (the scrub nurse is responsible
for the vascular set) [5]. All these actions must
be performed by nurses and runners, while both
the surgeon and the anesthesiologist assess the
vascular injury and the blood loss, apply pres-
sure on the bleeding site while trying to control
the hemorrhage, and decide what to do next.
Victoria Asfour, from the Imperial College of
London, recommends resorting to a major vas-
cular injury protocol. This protocol summarizes
the roles to be played by the runners, the nurses,
the anesthesiologist, and the surgeon into three
groups of actions [5]. During the entire repair
process, it is mandatory to maintain coordina-
tion between the surgeon—anesthesiologist—
nurse—blood department [9].

To anticipate this stressful situation, a preop-
erative briefing is paramount. Before beginning
the operation, the entire team must know what is
going to be done and why, the steps of the proce-
dure, the main risks, and how to act in case of
major complications. The surgeon must inform
and anticipate any unusual findings or actions.
Stress must be prevented, and a preoperative
briefing is one way of doing it.

Knowing who to call for help, if necessary, is
a question that must be addressed before the start
of any surgery. The entire staff must know who
the person is. If available, a vascular surgeon
should be called, but a fellow general surgeon is
also a very good alternative. The number of sur-
geons with a great deal of experience in manag-
ing major vascular injuries during minimally
invasive procedures is scarce [5]. So, ideally
within this setting, you should call someone who
has experience in different procedures of general
surgery and vascular surgery.

9.4  Vascular Injury Repair

From the very first stage of the procedure, both
the surgeon and the assistant must remain calm.
Two questions must be immediately addressed by
the surgeon:

e Can I identify and control the bleeding site
laparoscopically?
e Can I repair it myself or will I need help?

Although vascular repair can be performed
laparoscopically, conversion to open surgery can
be mandatory to assure fast and effective bleed-
ing control and to promote appropriate and safe
repair. Conversion to open surgery must not be
viewed as a failure. Calling another surgeon or
vascular surgeon for help is paramount. Even if
the surgeon can repair the injury by himself, “a
fresh mind” and “a new set of eyes” will help
bring anxiety levels down. Do not ever be afraid
or ashamed of calling for help. Sharing the deci-
sion process with another fellow is crucial for
successfully treating a major complication.

Globally, there are three principals to perform
a vascular repair:

e Proximal and distal vascular control (bleeding
control).

* Exposure of the vessel and the injury (dissect
the vessel if necessary).

* Repair with a non-absorbable suture.

It is very important to have good exposure
before attempting to repair a vascular injury [5].
Placing a suture or a clamp with poor exposure
can cause more damage or additional injuries to
other structures. However, additional dissection
of large vessels should be avoided if good injury
exposure is already present [10].

9.4.1 Howto Do It?

In the presence of a vascular injury during a PRA,
there are a few procedures that must be followed
to promote safe and efficient repair [1]. The steps
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outlined below overlap during the decision-
making process.

1.

The available working space is very limited
and makes it difficult to perform a laparo-
scopic suture.

This must be considered when deciding
whether to convert or not to open surgery.
Trocar positioning in a PRA is associated
with limited freedom of the instruments and
increases “‘sword fighting,” making it diffi-
cult to perform a vascular suture [4].

Assess severity and nature of the injury.

Although good injury exposure is manda-
tory, large vessel dissection should be
avoided when not necessary [10]. It is very
important to resist the temptation to blindly
place clips or clamps. Doing this without
good visualization of the injured vessel can
result in more damage (vascular and collat-
eral). Always take into account that a vein is
harder to repair than an artery, and also that
the “hemostatic suture” is not appropriate to
repair a major vessel [5].

. Can you repair it yourself?

Even if you can repair it, asking for help is
mandatory. If possible, call a vascular sur-
geon or ask for assistance from a fellow gen-
eral surgeon [5].

Decide if immediate conversion is the best
option for safe and efficient vascular repair.

A surgeon’s expertise and skills in laparo-
scopic suturing and vascular repair are cru-
cial to decision-making. All surgeons must
be able to perform a vascular repair during an
inadvertent vascular accident.
Laparoscopically apply pressure with a
gauze.

Immediately place a gauze through the
balloon trocar and apply pressure on the
bleeding site. This is the fastest, simplest,
and easiest way to control bleeding [5]. This
action will give the surgical team and operat-
ing room staff time to think and prepare for
repair.

Keep pneumoretroperitoneum pressure high.

PRA allows for the use of high pressures
of CO,. This will help tamponade venous

10.

11.

hemorrhage and give us a dry working space
[1-3]. Retroperitoneoscopic adrenalectomy
is performed with pressures up to 25 mmHg,
which can help stop bleeding. Some authors
recommend increasing the pressure up to
30 mmHg to obtain temporary hemostasis
[4]. High pressure can cause gas embolism
and cardiac instability. However, several
studies have not reported a single case of pul-
monary embolism or deep vein thrombosis
(iliac or femoral) [3—11].

. Place the patient in a Trendelenburg position.

Some authors recommend the
Trendelenburg as the preferred position in
the presence of a major vascular injury. It
decreases the venous pressure in the lower
extremities and will keep brain cells irrigated
in case of hypovolemia [5-12].

. Use a fourth trocar.

This extra port can be used for better tis-
sue retraction and bleeding vessel exposure.
It can also be used to place a laparoscopic
vascular clamp if necessary [1].
Laparoscopic suture for vascular repair.

Use a nonabsorbable polypropylene
000/0000 suture. Vessel stenosis must be
avoided and therefore, separate stitches are
to be preferred to continuous suture.
Manipulate the vessel wall carefully. Smooth
movements using a good needle holder are
crucial for good repair. Pass the needle
through the vessel wall and open the needle
holder. Next, grab the needle tip and pull it
carefully. This will help avoid vessel wall
laceration.

Reduce pressure and inspect for hemostasis.

High pneumoretroperitoneum pressure
can give a false sense of security after a vas-
cular repair. Bleeding recurrence can occur
after deflation. Decrease pressure to 5 mmHg
and inspect for hemostasis [2]. If there is no
bleeding, the repair is finished.

Local hemostatic.

Topical agents like fibrin, synthetic glues,
and adhesives have proved their value as
hemostatic and sealants [5]. Following a
major vascular repair, these agents can be
used to reinforce the repair [12].
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12. Place a drain.

The retroperitoneal space is a virtual one,
and tamponade will occur after deflation.
Placing a drain will not avoid recurrence but
will eventually help in its early diagnosis.

9.5  Vascular Injuries

and Learning Curve

The learning curve is a key point of all surgical
procedures. Knowing how many procedures sur-
geons should perform until they properly master
it is a matter of constant debate. In our point of
view, the learning curve is influenced by
surgeons’ experience in different procedures and
the skills they have gained while performing dif-
ferent surgical techniques. The learning curve
will be influenced by the surgeons themselves
and similarly, they also represent a factor with an
impact on the complication rate.

Rassweiller et al. demonstrate the importance
of the learning curve. In the first 50 retroperito-
neoscopic procedures (renal and adrenal), there
was a 14% rate of complications, contrasting
with a 2% complication rate in procedures 150-
200. Additionally, conversion to open surgery
decreased from 10% in the first 50 procedures to
4% in the procedures 150-200 [13]. Kumar et al.
report a decrease in minor complications as more
retroperitoneoscopic surgical procedures (renal
and adrenal) are performed, although the number
of major complications remains stable [2]. In the
Meraney et al., analysis of 404 retroperitoneo-
scopic procedures (renal and adrenal) conversion
to open surgery was not necessary for the last 200
procedures. This data reflects the impact of the
learning curve [1]. In Essen, Alesina et al. report
an operation time of 117 minutes during the
learning phase for PRA. After performing 2310
PRA, they reduced operation time to 45 minutes
and complication rate to less than 1% [4]. With
increased experience, comes a decrease in the
complication rate [2].

Gaining experience in the management of
major vascular injuries during retroperitoneo-
scopic adrenalectomy is not easy because they
are rare [2]. In 2006, Walz presented his results of

560 PRA performed on 520 patients. There was
not a single case of major vascular injury. In fact,
there were no cases of major bleeding in 11 con-
versions (2.0%). Walz only reports one case of
reoperation due to bleeding from the gland rem-
nant after partial adrenalectomy [3]. In 2019,
Alesina reported no major vascular injuries after
2310 procedures [4]. In a case series analysis of
the first 20 procedures performed by the author,
one IVC injury was reported. Conversion to pos-
terior open for a safe and effective vascular repair
was necessary (see case report below) [14].

The rarity of major vascular injuries during
PRA supports its safety. Moreover, there is no
solid experience on how to manage these life-
threatening complications. Injury to the IVC
(including retro hepatic) is a possibility when
dissecting the right gland and the right adrenal
vein. An injury at this site is difficult to approach.
Gaining experience in such a rare situation is not
easy but performing other different surgical pro-
cedures can give you the skills you need. A sur-
geon should have experience in vascular surgery
in order to know the principles of a vascular
repair and be able to perform it. In a stressful
situation like an IVC bleeding, a vascular sur-
geon may not be available. Additionally, many of
them will also not have experience in managing a
retro hepatic IVC injury. It is even more difficult
to find someone with experience in laparoscopic
vascular repair.

How can surgeons gain experience in the man-
agement of a retroperitoneal IVC injury? Trauma
patients can be a learning site. However, retro-
peritoneal vascular injuries are rare. A Level 1
Trauma Center in the United States treated 65
IVC injuries and 39 abdominal aorta injuries due
to blunt and penetrating trauma over a 10-year
period [8]. Some of the patients had both aortic
and IVC injuries. Suture was the most frequently
used technique. Of course, all patients were
treated by an open approach. In that analysis, the
authors concluded that suprarenal located injury
has a 15 times higher risk of mortality [8]. This is
a common location of IVC injury during a PRA.

It is difficult for surgeons to learn how to deal
with IVC injury just from severe trauma patients
with a retroperitoneal vascular injury. Firstly,



84

C.E. Costa Almeida

they are rare situations. Secondly, a surgeon must
know what to do before facing a major vascular
trauma in the emergency department. Active
learning from books and videos can help doctors
prepare for dealing with a major vascular injury.
Periodic hands-on courses in animal models will
also help surgeons to learn how to approach and
repair these difficult located injuries [9].
Simulation and eventually digital/virtual con-
structed scenarios will be the future of a sur-
geon’s learning process, like in airplane pilot
training.

9.6 Case Report

In 2018, we had to treat a major vascular compli-
cation while performing a right PRA. It was an
IVC injury. This report aims to share that experi-
ence and the difficulties a surgeon must deal with
while managing a major vascular injury by poste-
rior RA.

Firstly, stay calm. This is of paramount impor-
tance for a successful repair. Secondly, ask for
immediate help from another surgeon. A “fresh
mind” is crucial for a good repair. Thirdly, inform
the anesthesiologist of what is happening and
what you are about to do. Fourth, the scrub nurse
and remaining operation room staff must imme-
diately provide the required instruments to per-
form the repair. Fifth, do not hesitate to convert to
open surgery if necessary. When the goal is fast
bleeding control and vascular repair, conversion
must not be seen as a failure but as a way to
achieve that goal.

A male patient complaining of right lumbar
pain was diagnosed with a giant (11 cm) non-
functioning adrenal cyst. Abdominal Computed
Tomography (CT) and Magnetic Resonance
Imaging (MRI) were both performed to obtain
detailed anatomical information (Figs. 9.1 and
9.2). He had no comorbidities. Despite the large
size of the lesion, the surgical team decided to
use the posterior RA. The plan was to dissect the
cyst as much as possible without rupture, aspirate
its liquid content, ligate the adrenal vein, and
retrieve it in a bag. This was not the first time this
approach was performed on a lesion this size.

Fig. 9.1 MRI—axial plane. An 11-cm giant cyst of the
right adrenal gland (yellow) is pushing the right lobe of
the liver (light brown). The cyst pushes and flattens the
IVC (blue). Aorta (red). Left kidney (dark brown). Spleen
(purple)

-_—
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é
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Fig. 9.2 MRI—coronal plane. The giant cyst of the right
adrenal (yellow) is pushing the right kidney (dark brown)
down. The liver (light brown) is also pushed and com-
pressed by the huge lesion

Although minimally invasive surgery has sev-
eral advantages over open surgery, it has a possi-
ble negative impact on RO resection and a higher
risk of cystic rupture. This is the rationality for
advising open surgery for lesions larger than
6 cm or suspected of harboring cancer (see Chap.
5) [14, 15]. However, minimally invasive surgery
has been used for large lesions. In 2016, we suc-
cessfully resected a 14-cm cystic pheochromocy-
toma by posterior RA [15].

After placing the trocars as usual (see Chap. 7)
and setting the pneumoretroperitoneum to
25 mmHg, the cystic lesion was immediately
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Fig.9.3 Cyst with 11 cm over the upper pole of the right
kidney. It occupies the entire operation field and pushes
the kidney down

identified due to its large size (Fig. 9.3).
Dissection started with LigaSure® from lateral to
medial, separating the cyst from the upper pole of
the kidney. Identification of the [IVC was the next
step and it was done uneventfully. At this time,
dissection could not go further due to the large
size of the cyst. Aspiration of its liquid content
was performed using a Veress needle and a lapa-
roscopic aspirator (Fig. 9.4). Clear serous fluid
was aspirated. Dissection resumed even though
the cyst was not fully empty. The cystic lesion
was separated from the IVC with blunt dissec-
tion, but the adrenal vein was not immediately
found. The surgical team decided to proceed with
dissection all around the lesion, freeing the cyst
as much as possible from the surrounding struc-
tures. An accidental opening of the cyst occurred,
which completely emptied the lesion but also
facilitated the procedure. A short adrenal vein
was finally found and ligated with the LigaSure®.
At this point, the cyst was only fixed to the IVC
by a dense adhesion.

During the final dissection, a small injury to
the IVC occurred when using the LigaSure®. It
was a small hole with a size of approximately
2 mm (Fig. 9.5). No significant bleeding occurred
due to the high pressure of the pneumoretroperi-
toneum (25 mmHg). A gauze was immediately
introduced through the balloon trocar and pres-
sure was applied on the injury site for fast bleed-
ing control (Fig. 9.6). This gave the entire team
time to prepare for vascular repair, as well as time
for another surgeon to arrive.

Fig. 9.4 Aspiration of the cystic content with a Veress
needle. This was crucial to give the surgeon working
space to go on with dissection

Fig. 9.5 A small IVC injury. No significant bleeding due
to the 25-mmHg pneumoretroperitoneum

Fig. 9.6 Applying pressure with a gauze on the injury
site is the fastest and easiest way to achieve temporary
bleeding control. It gives the surgical team time to prepare
for definitive repair

Since the IVC injury was easily identified and
visualization was good, we decided to perform a
laparoscopic vascular repair with a Prolene®
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0000 (Fig. 9.7). No fourth trocar was placed.
However, due to the positioning of the trocars, we
struggled with “sword fighting.” After several
attempts, no-stitch was performed. The camera
was changed to the balloon trocar and the medial
trocar was used as a working port to try to
increase the angle of the instruments and over-
take the “sword fighting.” We managed to get the
first stitch, but when an attempt was made on the
second knot, the vein tore even more (Fig. 9.8).
At this point, the surgical team decided to convert
to open posterior surgery.

While keeping the patient in the same posi-
tion, a lumbar incision below the 12th rib was
made. After entering the retroperitoneum, the
assistant had to strongly pull the patient’s ribs
with a retractor to give the surgeon enough
working space. Blood was now covering the
entire operation field. Pressure on the bleeding

Fig. 9.8 IVC tore even more while performing retroperi-
toneoscopic vascular repair. The vein wall is fragile, and
“sword fighting” makes it very difficult to suture

site was applied with gauze, and the blood was
then aspirated to give the surgeon a dry opera-
tion field. By gently retrieving the gauze, the
IVC injury was identified. It was not in an easy-
to-access position. The surgeon managed to
repair the injury with a noncontinuous suture of
Prolene 0000 (two stitches). No vascular clamp
was used, nor was additional IVC dissection
necessary since injury boundaries were readily
visible. A hemostatic sponge (TachoSil®) was
placed covering the suture and a drain was left
in the retroperitoneum. The incision was
sutured.

The patient spent 1 day in the Intensive Care
Unit (ICU) and was then transferred to the sur-
gery ward. The first oral intake was on postop-
erative day two. The drain was removed on day
three (<50 ml). The patient was discharged
home on the fifth postoperative day. Three
months after surgery, the patient was recovering
successfully, without pain and only complained
of mild hypoesthesia on the lateral abdominal
wall. He returned to his normal activity without
impairments.
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Converting to Open Surgery

10

Oscar Vidal, Marti Manyalich Blasi,
and David Saavedra-Perez

10.1 Introduction

Adrenal masses are one of the most prevalent
human tumors. Its incidence is approximately 3%
in middle age and increases to 10% in the elderly
[1]. In this sense, laparoscopic adrenalectomy
(LAdr) has become the gold standard for the
treatment of adrenal diseases in recent decades
[2]. Two alternative surgical methodologies are
currently promoted: the transperitoneal laparo-
scopic approach (TLA) and the posterior retro-
peritoneoscopic  adrenalectomy (PRA) [3].
Interestingly, most adrenalectomy procedures
during the early and mid-1990s were performed
using an open approach. According to the study
by Murphy et al., from 1998 to 2006, the number
of adrenal resections in the United States
increased significantly from 3241 to 5019 cases,
and the majority (83%) of adrenalectomies were
performed using an open approach. Currently,
the surgeon’s increased experience, advanced
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laparoscopic techniques, improved technology,
and better short-term patient outcomes have led
to laparoscopy displacing open surgery, making
LAdr the procedure of choice in most cases [4].

However, LAdr shows some complications,
with a reported overall complication rate of
approximately 10% (range 2.9-20), with bleed-
ing being the most prevalent complication. Organ
injury, including damage to the liver, spleen, pan-
creas, kidney, large bowel, and diaphragm, has
also been observed [5, 6]. Nevertheless, several
studies have reported that LAdr has greater ben-
efits in terms of patient outcomes, decreasing
postoperative pain and disability, length of hospi-
tal stay, complication rate, and blood loss com-
pared to open surgery. In addition, LAdr allows
patients to return to normal activity faster [5, 7].

Despite the advantages of laparoscopic
approach (LA) and the fact that there are no con-
traindications to LAdr, the review study by
Assalia and Gagner indicates that the mean con-
version rate is 3.6% (range 0-12) [6]. Several
factors may increase the risk of open conversion,
giving a less encouraging scenario. Identification
of these risk factors would improve preoperative
stratification, patient safety, and postoperative
expectations, enhancing the cost-benefit balance
and giving a better perspective to the medical
team.
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The aim of this chapter is to discuss the risk
factors that determine when and how to convert
LA to open surgery.

10.2 Definition of Conversion
to Open Surgery

Conversion to open surgery has been defined as
an abdominal wall incision larger than 5 cm per-
formed to make other manipulations different
from specimen retrieval. In general, the conver-
sion rate is expected to decrease as the laparosco-
pist experience level increases. However, some
causes for conversion to open surgery even when
there is sufficient experience include difficult dis-
section, severe bleeding, injuries to adjacent
organs or tissues, risk for tumor rupture, inade-
quate intraperitoneal insufflations, and inability
to identify the target lesion [8].

10.3 Risk Factors Associated
with Conversion to Open
Surgery during
Transperitoneal
Laparoscopic Adrenalectomy

Variables such as age, American Society of
Anesthesiologists (ASA) physical status clas-
sification, sex, previous abdominal surgery,
and laterality have not been related to the
necessity for conversion from laparoscopic to
open adrenalectomy. In addition, although
right-sided tumors have been reported to be
more predisposed to bleeding because of the
short adrenal vein draining immediately to the
inferior vena cava (IVC), in some studies, it
has not been associated with the conversion to
open surgery [8, 9].

On the other hand, several studies have associ-
ated risk factors such as obesity (body mass index
(BMI) >30 kg/m?), large adrenal masses (tumors
>5 cm in diameter), and pheochromocytoma,
with conversion to open surgery [8, 9]. Therefore,
the proper selection of patients and identification
of their associated risk factors are crucial.

10.3.1 Obesity

The association between obesity and conversion
to open adrenalectomy is based on the difficulty
of dissection, difficult cannula placement, diffi-
cult anatomical visualization due to excessive
intraperitoneal fat, difficult instrument manipula-
tion through an excessively thick abdominal wall,
and longer operating time, which may result in an
increased risk of major bleeding and other com-
plications. In addition, morbid obesity may
require high intra-abdominal insufflation pres-
sure to establish an adequate working space, and
high-pressure pneumoperitoneum may impede
venous return [9].

Therefore, transperitoneal approaches (ante-
rior and lateral) or the use of longer instruments
are better choices than retroperitoneal approaches
when there are large adrenal masses. However,
the retroperitoneal approach seems to be better in
small adrenal masses in obese patients [9, 10]. In
addition, laparoscopic ultrasound can be helpful
for locating the left adrenal vein, especially when
it is obscured by a large amount of retroperito-
neal fat, helping some obese patients to be candi-
dates for LAdr (TLA or PRA) [11].

10.3.2 Size of the Tumor

The size of the tumor has been found to be the
most important predictor of conversion. A large
tumor will have a distended retroperitoneal vas-
culature due to compression, thus increasing the
risk of bleeding. The growth of the adrenal tumor
also causes reorganization of the surrounding tis-
sues, making the tumor more difficult to excise,
which leads to prolonging the time required for
the surgical procedure [8, 9]. Although tumors
larger than 5 cm are a risk factor for conversion,
there is no consensus about which size of adrenal
tumor is appropriate for an open or a LA. It has
been reported that some surgeons laparoscopi-
cally resect adrenal tumors up to 15 cm in size
[12]. In those cases, the use of laparoscopic ultra-
sound imaging may have been helpful and may
have reduced conversions. Ultrasound helps to
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define the relationship of tumors to adjacent
structures, identifying the adrenal vein for direct
dissection (especially for left-sided lesions), con-
firming the presence of pathology, and the resect-
ability of large masses [11, 13].

Furthermore, some researchers have used the
size of the adrenal tumor to predict the risk of
malignancy. Adrenal tumors >5-6 cm in size
have been found to have a high risk of malig-
nancy (between 35% and 98%) [12].

10.3.3 Pheochromocytoma

Pheochromocytomas are catecholamine-
producing tumors derived from chromaffin cells
of the adrenal medulla [14]. The feasibility and
efficacy of LAdr in cases of pheochromocytoma
have been extensively confirmed, but patients
with pheochromocytoma had significantly higher
perioperative complication rates than those with
benign, non-pheochromocytoma tumors [15].

There are several concerns about the LAdr to
treat pheochromocytoma due to the potential
hemodynamic effects of catecholamine secre-
tion, which can induce malignant hypertension in
the initial pneumoperitoneum or during minimal
traction on surrounding tissues [16]. Likewise,
the occurrence of both hypertensive and hypoten-
sive intraoperative episodes during the same pro-
cedure has been reported [14].

LAdr (TLA and PRA) in patients with pheo-
chromocytoma has been associated with a higher
incidence of conversion to an open procedure [8].
Therefore, it has been suggested that in cases where
a large pheochromocytoma (>5-7 cm) is observed,
as well as in cases of difficult dissection, invasion,
adhesions, and the need for preoperative hospital-
ization, patients may be more likely to require open
adrenalectomy or a conversion to an open approach
[14, 17, 18]. Understandably, the need for conver-
sion was associated with increased intraoperative
hypertensive episodes, increased mean operative
time, mean anesthesia duration, postoperative com-
plications, and length of stay [14].

However, enhanced anesthetic and laparo-
scopic techniques, as well as perioperative patient

optimization, have significantly improved peri-
operative outcomes, with low conversion (<10%)
and morbidity rates (<20%) [14].

10.4 How to Convert?

There are different incision options for open
adrenalectomy approach when converting is
required: median supraumbilical laparotomy,
subcostal laparotomy, modified Makuuchi inci-
sion (“J”), and thoracoabdominal incision (also
see Chap. 3).

A posterior approach can also be performed
with the patient in a prone position through a
curvilinear incision that runs from the ipsilat-
eral paramedian line and extending laterally.
This approach requires removal of rib 12 to
extensively expose the retroperitoneal space.
The remainder of the operation proceeds simi-
larly to an endoscopic retroperitoneal
adrenalectomy.

10.4.1 Choice of Incision

Several factors must be considered when decid-
ing on the type of incision:

1. Size of the tumor and need for concomitant
resection (e.g., nephrectomy or hepatectomy,
anatomical or not), or vascular reconstruction.

2. Tumor location and direction of invasion.

3. Existing patient position during conversion of
a minimally invasive procedure.

10.4.2 Open Right Adrenalectomy

The modified right Makuuchi or modified sub-
costal incision is the preferred incision because
they provide adequate exposure for safe dissec-
tion. The right lobe of the liver needs to be fully
mobilized by dividing the triangular ligament,
while moving the liver superomedially to expose
the infrahepatic and retrohepatic IVC, as well as
the retrocaval collateral vessels.
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10.4.3 Open Left Adrenalectomy

Typically, this operation is performed through a
left subcostal or “J” incision on the left side. A
midline supraumbilical laparotomy can be per-
formed, but this incision may be insufficient for
proper exposure.

10.5 Concluding Remarks

LAdr is a safe and effective procedure with sig-
nificant advantages over the open procedure.
Careful selection of surgical candidates should
be based on both patient and tumor factors, given
that patients with more comorbidities, obesity,
large tumor sizes, and pheochromocytoma are at
risk for conversion to open adrenalectomy and
increased perioperative complications [15].
However, conversion to open surgery as well as
the open approach should not be considered a
failure. The surgeon should not hesitate to con-
vert to an open procedure or indicate that the best
procedure is an open approach, considering that
open adrenalectomy is a perfect solution in cases
of adrenalectomies with different associated risk
factors. In addition, the preoperative analysis can
assess the risk of conversion, which will lead to
better planning of laparoscopic surgery. Thus,
with the help of an accurate prediction, patients
can also be fully informed to take the measures
they deem appropriate [8, 9].
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11.1 Introduction

The first laparoscopic adrenalectomy was
described in 1992 by Higashihara [1], from
Japan, and Gagner [2], from Canada. This
description followed the emerging use of mini-
mally invasive surgery since the early 1980s
[3]. After 1992, endoscopic surgery became the
gold standard for benign adrenal lesions [4-6].
The reduced aggressiveness of laparoscopic
surgery, with less postoperative pain and faster
recovery, combined with the augmented reality
image that improved the visualization of ana-
tomical structures, promoted the dissemination
of minimally invasive approaches. New
approaches emerged with the minimally inva-
sive surgery revolution. In 1994, the retroperi-
toneal adrenalectomy was described in Japan
by Uchida [7], in Sweden by Johansson [8], and
in New Zeeland by Whittle [9].

Posterior retroperitoneoscopic adrenalectomy
(PRA) was developed and extensively studied by
Martin Walz from Essen. In 2001, Martin Walz
standardized the technique after a five-year expe-
rience and 143 procedures [10]. Since then, PRA
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has gained worldwide acceptance [3] because it
is a safe and feasible technique [3, 4, 5, 10, 11].

Final outcomes are crucial to evaluate the suc-
cess of a technique. Operative time, complication
rate, blood loss, conversion rate, postoperative
pain, in-hospital days, return to normal activity,
mortality rate, and learning curve are all factors
with impact on the referral and acceptance of a
surgical technique.

PRA soon demonstrated its several advan-
tages over anterior and lateral transperitoneal
laparoscopic adrenalectomy (TLAdr). Due to its
direct access to the gland without incursion into
the peritoneal cavity, PRA is not only fast and
easy to perform but also eliminates the risk of
incidental injury to abdominal viscera [4, 5, 12].
It has lower operative time, less postoperative
pain, less blood loss, lower morbidity, shorter in-
hospital length of stay, and a faster return to nor-
mal activity [3, 4, 5, 12, 13]. Additionally, PRA
promotes a faster return of bowel movements and
has a better cosmetic result [5, 11].

Despite PRA advantages, TLAdr is mostly
used because it is safe, has a short learning curve,
and is a standardized procedure. In the transperi-
toneal approach, the surgeon works in the perito-
neal cavity, with which all surgeons are
familiarized. This is one of the main reasons why
many surgeons keep using the anterior transperi-
toneal approach. Another reason is the lack of
anatomical landmarks at the beginning of the
procedure, which gives the PRA-initiating sur-
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geon the false idea of extreme difficulty [5, 14].
However, nowadays, PRA is a safe, feasible, and
standardized approach. That is why some sur-
geons have already changed from TLAdr to PRA
[12]. Another advantage of the retroperitoneo-
scopic approach (RA) when compared to the
laparoscopic one is the lower effect insufflating
the retroperitoneum has on the patients’ hemody-
namic and respiratory parameters [12]. However,
surgeons must not insufflate the retroperitoneum
too fast. Insufflation must be gentle. One of our
patients had sudden asystole when the retroperi-
toneum was insufflated to 25 mmHg. In such
cases, immediate chaos can arise because the
patient is prone position, precluding efficient
resuscitation maneuvers. Deinsufflation immedi-
ately reverted the asystole. Following a slow
insufflation up to 25 mmHg, the surgery went
uneventfully [5, 12, 15].

Learning the technique with an experienced
surgeon is paramount. There are tips and tricks
that will help surgeons easily perform PRA (see
Chap. 7). Surgeons must change from the ante-
rior anatomical to the posterior perspective.
Changing their mindset is crucial to understand
the anatomy from this “back door” approach
[16]. Identifying the upper pole of the kidney
within the perirenal fat is technically challeng-
ing. However, it is key to the learning curve [12,
15]. Having experience in other fields of laparo-
scopic surgery is another factor with a positive
impact on surgeons’ performance when starting
PRA [5].

11.2 Operative Time

Operative time is not the most important out-
come. One surgical procedure is not better than
another just because it is faster. However, if a sur-
gical technique can treat the same disease with
the same results in a safe, faster, and feasible
way, that technique should become the gold
standard.

In 2001, Martin Walz (Essen, Germany)
reported an operative time of 101 + 39 min after
the first 143 procedures. From these, 23 PRA
(17%) were performed in less than 1 h [10]. The

same group from Essen was able to decrease the
mean operative time to 45 min after 2310 proce-
dures performed between 1994 and 2018 [3]. In a
retrospective analysis of 560 PRA, Walz et al.
reported a median operative time of 55 min and a
mean operative time of 67 = 40 min. However, if
those 560 procedures are divided into five pro-
gressive groups of 112, a gradual reduction in
operative time is made evident. The first 112 pro-
cedures had a mean operative time of 106 min,
while the last 112 had a mean operative time of
40 min (p < 0,001). There was no difference in
tumor size among the groups [4]. Operative time
decreased as surgeons’ experience increased.

Other authors reported different operative
times. Kiriakopoulos had a mean operative time
of 105.6 min for PRA, which was lower than for
TLAdr [17]. In 2015, Porpiglia, from Italy,
reported a mean operative time of 90 min [18].
Also in 2015, Cabalag presented a mean opera-
tive time of 70.5 min after 50 PRA. In this analy-
sis, there was a statistically significant reduction
in operative time in the first 15 procedures [12].
Barczynski, from Poland, reported a mean opera-
tive time of 50.8 min after 33 PRA [19]. A 2011
publication from the United States reported a
mean operative time of 114 min, after success-
fully performing PRA in 118 cases of 125 sched-
uled [20]. Also from the USA, Nancy Perrier
took a mean of 121 min to perform PRA in 62
patients [16] (Table 11.1).

In 2018, CE Costa Almeida analyzed his first
10 cases [5]. Mean operative time was 46.7 min
(30-70 min) for lesions with a mean size of
4.1 cm, including one 14-cm cystic pheochromo-
cytoma. Preoperative diagnoses were three pheo-
chromocytomas, four Conns, two Cushings, and
one nonfunctioning tumor. Two years later
(2020), CE Costa Almeida published a compara-
tive analysis between the first group and the sec-
ond group of ten cases [15]. Mean operative time
in the second group was 31.1 min, contrasting
with the 46.7 min in the first group. This repre-
sented a significant reduction in operative time
(» =0.036). Both groups were equal in tumor size
(a mean of 3.5 cm). Analyzing all patients, the
mean operative time was 38.9 min, and a decrease
in operative time was noted as more patients were
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Fig. 11.1 Operative time evolution during 22 consecutive PRA performed by the first author. Operative time decreases
with experience. Stabilization is noted after the first procedures

being operated on [15]. Figure 11.1 shows the
evolution of the operative time during that period,
evidencing a continuous decrease in operative
time. After the first patients, operative time stabi-
lized around 30 minutes, and with increasing
experience, operative time decreased. With these
results, PRA matched the operative times of lapa-
roscopic cholecystectomy and endoscopic hernia
repair [4].

Tumor type (pheochromocytoma, p < 0,001),
tumor size >3 cm (p < 0.05), male (p < 0,001—
0.05), complete versus partial resection
(p < 0.05), and Body Mass Index (BMI) > 35,
are factors that influence operative time [3, 7, 8,
20, 21]. According to the authors, operative time
is also influenced by the surgeon’s experience
[15]. In 2006, Walz et al. found that operating
the right-hand side implied longer operative
time (p < 0.05) at the beginning of the learning
curve. This was not evident in the last 200/560
procedures [4]. The reason for the increased
operative time if operating on the right side
might be the dissection near the inferior vena
cava (IVC), and the need to dissect a small adre-
nal vein [20]. With experience, this dissection is
carried out faster and more smoothly. The pro-
nounced muscles in the male’s flank can make it
harder and require a longer time to perform the
technique. To overcome this anatomical draw-

back, accurate trocar placement is crucial.
Obesity precludes the creation of good working
space and increases operative time. Increasing
the pneumoretroperitoneum up to 30 mmHg if
BMI >35 can help to create a working space to
successfully perform PRA [20]. Although not
prohibitive, obesity makes the procedure
extremely challenging due to the inability to
appropriately expand the retroperitoneum, along
with the difficult dissection created by the great
amount of fat [16, 20]. Patients with a BMI >45
are not good candidates for PRA [4].

11.3 Complication Rate
and Mortality

Complications in PRA are uncommon and mostly
minor [22]. Possible complications are pleural
tear, pneumothorax, surgical site infection, pneu-
monia, bleeding, relaxation, and/or hypoesthesia
of abdominal wall (see Chap. 8). According to
several studies, increasing experience results in a
decrease in complication rate. Alesina reports a
decrease in complication rate to less than 1%
after 2310 procedures performed in Essen in a
24-year period [3]. Additionally, a 50% decrease
in complication rate is possible as experience is
gained [20].
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In 2001, Martin Walz presented an intraopera-
tive complication rate of 5%, and a postoperative
complication rate of 13% after 143 procedures.
All complications were minor [10]. In 2006,
Walz reported a global complication rate of
15.7% (88/560 procedures). Major complications
and minor complications after 560 PRA were
1.3% and 14.4%, respectively [4]. After perform-
ing 50 PRA, a group from Turin reported 2% and
12% of intraoperative and postoperative compli-
cations, respectively. Globally they had a total of
seven (14%) complications [18]. Cabalag
reported four postoperative complications (8%)
following 50 PRA, including one temporary T12
neuropraxia [12]. From the USA, Dickson [20]
reported an 11.2% and Perrier a 16% [16] com-
plication rate. Following the first 10 cases, CE
Costa Almeida reported a postoperative compli-
cation rate of 0% [5], and after performing 20
procedures, only one (5%) intraoperative compli-
cation (inferior vena cava injury), and no (0%)
postoperative complication [15] (Table 11.1).

It is easy to understand that PRA has a low
complication rate and that most complications
are minor and temporary. Although decreasing
with experience, the complication rate is typi-
cally low since the beginning of the learning
curve. The mortality rate has been consistently
reported as 0% [4, 5, 10, 12, 15, 17].

11.4 Conversion Rate
and Blood Loss

Conversion must not be seen as a complication or
a failure. The patient always comes first, and the
surgeon must be comfortable with the need to
change to another approach. Conversion rate var-
ies in the literature. No conversion (0%) was
reported by Kiriakopoulos [17] and Cabalag [12]
after 19 and 50 procedures, respectively.
Barczynski, from Poland, also reported 0% of
conversions after 33 procedures [19]. On the
other hand, Propiglia [18] reported a conversion
to anterior laparoscopic approach in four cases
(8%), and Dickson [20] converted 6.6% of his
patients. A higher rate of conversion was reported
in 2008 by Nancy Perrier, 8.8% [16].

In 2001, Martin Walz reported a conversion
rate of 5% affecting 7 procedures out of 143,
and a median blood loss of 54 + 72 ml [10].
Five years later, in a total of 560 PRA for pri-
mary neoplasms, metastases (bronchial cancer,
renal cancer, non-Hodgkin lymphoma), and
ACTH-depending bilateral hyperplasia, Walz
reported the need to convert to posterior open,
anterior open, or lateral laparoscopic in only
11 procedures (2.0%)—four in left-sided and
seven in right-sided disease. Conversion to
posterior open occurred because of cardiac
instability, failure to progress in Cushing syn-
dromes, and technical difficulty. Anterior open
was necessary because of dense adhesions in
metastatic adrenals. Conversion to lateral lapa-
roscopic was the option in severe obesity
(BMI > 45) [4].

A conversion rate of 10% has been reported
by the first author. Comparing the first group
of 10 cases with the second group of 10 cases,
conversion rate was the same, representing
one patient in each group [13]. One patient
was converted to anterior open because of
extensive retroperitoneal fibrosis resulting
from severe lumbar trauma some years before
[5]. The other patient was converted to poste-
rior open because of an inferior vena cava
(IVC) injury. “Sword fighting” because of the
acute angle the instruments are placed in,
turned the vascular suture hard to perform, and
conversion was the solution to control the
bleeding.

Mean blood loss reported by Martin Walz
after 549 non-converted PRA was 10 ml. Only
one patient had to be transfused due to postopera-
tive bleeding from the adrenal remnant after a
partial adrenalectomy [4]. On the contrary,
greater blood loss was reported by both Porpiglia
[18] and Barczynski [19] in 2014, with a mean of
50 ml (20-210 ml) and 52.7 ml (34.4-71 ml),
respectively. In 2018, CE Costa Almeida reported
neglectable blood loss after the first 10 PRA per-
formed for six left-sided tumors and four right-
sided lesions [5]. In 2020, blood loss was around
20 ml following 20 PRA [15]. In conclusion, in
most of the cases blood loss was neglectable
(Table 11.1).”
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11.5 Postoperative Pain

Postoperative pain evaluation is very subjective,
and patients themselves are a bias. The need for
painkillers is an indirect evaluation of postopera-
tive pain severity. Several reports conclude PRA
reduces the need for painkillers after surgery.
According to Martin Walz, consumption of anal-
gesics in the postoperative period of 143 proce-
dures in 130 patients was only 6 mg of piritramide.
This represents a low need for medication [10].
Carlos Serra also reported a low need for pain-
killers in the postoperative days [11]. In a visual
analog scale (VAS—1-10) PRA patients report a
mean of 3.4 + 1 at postoperative day 1. In TLAdr,
the VAS pain score rises to 4.2 = 1 (p < 0.05)
[24]. Using the same scale, Kiriakopoulos con-
cluded that PRA caused less pain than TLAdr in
postoperative days 1 and 3 (p < 0.001) [17].
According to Cabalag, 26 patients out of 49
(52%) needed no postoperative analgesic medi-
cation following PRA [12]. All these data support
the very low postoperative pain associated with
PRA.

In prospective and retrospective studies, PRA
is associated with less postoperative pain than
TLAdr [12, 13, 17, 24-26]. A comparative study
between the two techniques concluded that
37.5% of patients submitted to TLAdr requested
postoperative opioids, contrasting to 3% of
patients treated by PRA (p < 0.001) [19].
Additionally, shoulder-tip pain is a rarity after
PRA (p < 0.001) [19, 24]. In 2021, a systematic
review and meta-analysis which included 800
patients confirmed less postoperative pain after
PRA comparing to TLAdr (p = 0.026) [26].

11.6 In-Hospital Days
and Recovery to Normal

Activity

Following the first 143 procedures during a five-
year period, Walz reported a median hospitaliza-
tion of 3 days [10]. A mean of 3 days for
in-hospital length of stay was also reported by
Nancy Perrier’s group in the USA [16]. In 2015,
Kiriakopoulos reported a length of stay of

2.1 days in a group of 17 patients [17]. A mean
postoperative in-hospital length of stay of
2.2 days was reported by CE Costa Almeida in
2018 [5]. Two years later, CE Costa Almeida
reduced the in-hospital postoperative length of
stay to a mean of 1.7 days. This reduction was
due to a shorter postoperative period for pheo-
chromocytoma patients after learning that PRA
was not causing hemodynamic instability. The
initial four postoperative in-hospital days were
reduced to only 2 days (one in the ICU and one in
the surgery ward) [15]. A median length of stay
of 1 day was reported in Cabalag’s study. In this
work, 8 of the 49 patients were discharged on the
same day [12] (Table 11.1). According to this
data, PRA can eventually be performed as ambu-
latory surgery on suitable patients.

PRA is associated with a shorter time to first
oral intake (4.4 h) and a shorter time to ambula-
tion (6.1 h) as compared to TLAdr [19]. PRA also
promotes faster recovery to normal activity than
TLAdr [3, 5, 12, 25, 27]. These are major advan-
tages as they can reduce the days of absence from
work.

11.7 Learning Curve

PRA has a short learning curve [12, 14, 15]. A
shorter learning curve is possible if the surgeon is
already skilled and experienced in other laparo-
scopic surgeries [13]. This is the advantage of
performing different procedures—skills acquired
in one are useful in another. Operative time and
complication rate are usually the two factors
studied when analyzing the learning curve of any
procedure [13]. Several reports have concluded
that, with experience, there is a decrease in oper-
ative time. In a 2006 analysis of 560 PRA, Walz
observed a gradual decrease in operative time
from 106 + 46 min to 40 + 15 min. Additionally,
there was the need to use a fourth trocar in 29/560
procedures, but only once in the last 250 PRA
[4]. In 2018, Alesina et al. reduced the mean
operative time to 45 min after 2310 procedures,
with a complication rate below 1% [3]. In a study
by wvan Uitert, operative time consistently
decreased after each of the first 3 groups of 20



11 Final Outcomes

99

patients. Operative time reached a median of
60 min after 40 procedures and was found to pla-
teau after 70 cases [21]. Similar results were
reported by Barczynski [28]. Comparing the first
group with the second group of 50 procedures,
there was a decrease in mean operative time
(p < 0.001). After 60 cases, operative time stabi-
lized at 65 min. Although conversion and blood
loss were lower in the second group, there was no
statistical significance [28]. In a consensus paper
by the European Society of Endocrine Surgeons
(ESES), the learning curve for PRA is estimated
to be 20-40 cases [29]. However, according to
Cabalag’s results, it is possible to lower the learn-
ing curve below 20 procedures [12]. Operative
time decreased by 4.2 min/case in the first 10
cases and decreased by 2.3 min/case in the next 5
cases. After performing 15 PRA, operative time
stabilized in 61 min, with the same rate of com-
plications and the same outcomes [12]. Bakkar
et al. lowered the learning curve even more. They
reported a mean operative time of less than 1 h
only after 14 cases [23].

The learning curve is difficult to assess. What
is the endpoint of the learning curve? Possibly, it
is that of reaching a plateau in operative time
with a low rate of complications and good out-
comes. Many factors influence the length of that
curve, namely: the surgeon, training opportuni-
ties, tumor pathology, patient characteristics,
available equipment, hospital, and case volume
[13]. The number of procedures necessary for a
surgeon to acquire competence in PRA is a mat-
ter of debate. It cannot be a fixed number, since
different surgeons have different skills, and each
one of them has his or her own learning pace. In
four different centers, surgeons reached compe-
tence in PRA after 24, 29, 40, and 42 procedures
[3]. If a surgeon has experience in laparoscopic
surgery (colorectal, hepatobiliary, hernia, etc.)
the learning curve will be shorter. This idea was
confirmed in 2020, in a publication by CE Costa
Almeida [15]. After performing 20 cases, his
group matched the outcomes (morbidity and
mortality) of more experienced surgeons, with a
lower mean operative time of 38.9 min. The
expertise gained from different laparoscopic sur-
geries lowered the learning curve to less than 20

procedures [15]. Surgeons with laparoscopic
skills will be able to easily learn and perform
PRA [20].

Patient selection is especially important at the
beginning of the learning curve. Obesity is not
absolutely prohibited but operating on patients
with BMI >35 can be very challenging. Obese
patients should be avoided when starting the
learning curve. If possible, patients suffering
from Cushing’s Syndrome should also not be the
first cases due to the amount of fatty tissue with
which the surgeon will have to deal [14, 24].

Equipment and hospital are both factors that
should be easily overcome. An adequate opera-
tion table for correct patient positioning is cru-
cial. Trocars, instruments, energy devices, and
cameras all work together to help the surgeon
perform a fast, safe, and efficient PRA. Hospital
Administration Boards should rely on surgeons
to decide which instruments and laparoscopic
cameras to buy. Unfortunately, this is not always
the rule. The lack of knowledge of the adminis-
trations and the constant aim to save money can
preclude the practice of safe and efficient medi-
cine. Only with good and adequate equipment
can a patient be offered the best treatment solu-
tion. This is the only way to achieve the best out-
comes, decrease complications, decrease
in-hospital days, and avoid rehospitalizations.
High-quality medicine will always be the cheap-
est medicine.

A minimum annual workload related to
improved final outcomes is still a matter of debate.
ESES consensus paper from 2019 presents a mini-
mum of 6 procedures/year, increasing to 12 adre-
nalectomies/year for adrenocortical cancer [29]. In
this definition, surgeons’ experience and laparo-
scopic skills must be considered since they have a
positive impact on the final outcomes and learning
curve. Establishing a minimum number of proce-
dures is something difficult, probably unfair, and
utopic. In some cases, the centralization of proce-
dures will limit the accessibility to the best treat-
ment for patients living in remote areas. An honest
outcome evaluation must be the key point to estab-
lishing who should keep operating adrenal, and
who should receive updated training and re-tutor-
ized by an experienced surgeon.



100

C. E. Costa Almeida and T. V. Caroco

It must be highlighted that learning the tech-
nique from an experienced surgeon is crucial for
these results [29]. Meeting and working with an
expert for a specific period is of paramount
importance. Watching and assisting an expert
performing several PRASs is the best way to learn
the tips and tricks of the technique. Although not
mandatory, to have an experienced surgeon by
your side during the first procedures might be of
good value. Authors reporting operative times
<60 min after 14, 15, 20, and 40 cases learned
how to perform PRA from an expert [13].
Additionally, if the surgeon has the laparoscopic
surgical skills learned from other procedures, it
will not take long for him or her to achieve the
outcomes of more experienced surgeons.

11.8 Final Notes

PRA is a safe and feasible technique, with several
advantages over anterior and lateral laparoscopic
approaches. PRA gives direct access to the adre-
nal gland while avoiding intra-abdominal incur-
sion and the need for organ mobilization. It is an
ideal technique for patients with previous abdom-
inal surgeries and reduces the risk of viscera inju-
ries. It is a good technique for lesions up to
6-8 cm because larger tumors have an increased
risk of cancer, and they are difficult to manipulate
without capsule rupture [4, 20]. Complications
can occur in <1-16%, but most of them are minor
and temporary. Additionally, the overall compli-
cation rate decreases with experience [3-5, 16,
22]. Very obese patients (BMI > 45) are not good
candidates for this technique, considering that,
even with high pressures of CO, it is not possible
to have a good working space [4, 16, 20].
Operative time for PRA is identical to laparo-
scopic cholecystectomy and endoscopic hernia
repair. The author has a mean operative time of
38.9 min after 20 cases [15]. Although the learn-
ing curve is still a matter of debate, PRA is an
easy-to-learn technique if the surgeon already
has experience in laparoscopic surgery [5].
Patients submitted to PRA report an excellent
satisfaction with the outcomes (symptoms and

cosmesis) [18]. These results prove the feasibil-
ity, safety, and effectiveness of PRA.

Systematic reviews and randomized trials sup-
port PRA over TLAdr [19, 24, 26, 27]. The for-
mer is associated with a significantly shorter
operative time, lower blood loss, less postopera-
tive pain, shorter time to first oral intake, shorter
in-hospital length of stay, and better cost-benefit
(p < 0.001). Morbidity and conversion rate are
similar in both techniques, but PRA has fewer
incisional hernias (0% vs 16.1%). In conclusion,
PRA should become the new gold standard for
adrenal surgery [13].
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12.1 Introduction

The emergence of robot-assisted surgery has
brought some advantages to minimally invasive
surgery. Compared to classical laparoscopic sys-
tems, robotic systems allow for three-dimensional
visualization with more pleasing contrast and
color resolution. In addition, they are equipped
with sensitive instruments with high mobility that
can work in smaller areas. However, this better
technology comes at a higher overall cost.
Another disadvantage is the need for a well-
trained surgeon and supporting team to use the
system, which can be complex. The first use of
robotic technology in adrenal gland surgery was
made in 1999 by Piazza et al. in Italy [1]. As the
robotic system became widespread globally, pub-
lications with larger numbers of cases followed.
In the current literature, transabdominal lateral
robotic adrenalectomy (TL-RA) seems to be a
more commonly used technique than robotic pos-
terior retroperitoneal adrenalectomy (RPRA). A
recently published EUROCRINE study com-
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pared robot-assisted and conventional laparo-
scopic adrenalectomy [2]. EUROCRINE is an
online endocrine surgical quality registry that
aims to decrease mortality in the surgical care of
patients with endocrine tumors, with a special
focus on rare tumors, by means of an interna-
tional database based in Europe. In the aforemen-
tioned study, data from 46 centers registered in
the system were examined. The authors excluded
retroperitoneal cases because the number of
RPRAs was only six. Vatansever et al. studied
1005 patients, 816 of whom were laparoscopic
and 189 were robot-assisted adrenalectomy. The
authors suggested that robotic adrenalectomy
could be considered a preferred approach in more
challenging and difficult cases, including large
(>50 mm) and functioning (e.g., pheochromocy-
toma) tumors and obese patients. In conclusion,
analysis of the EUROCRINE database supports
that, beyond being safe and effective, robot-
assisted adrenalectomies show lower complica-
tion rates and shorter postoperative durations of
stay [2]. Although it is not very common in the
EUROCRINE information system, RPRA has
been performed in many centers in increasing
numbers since 2010, when it was first described
in the literature. In this section, the surgical tech-
nique of RPRA and the results of this technique
will be discussed.
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12.2 Surgical Technique
of Robotic Posterior
Retroperitoneal
Adrenalectomy

Many minimally invasive techniques are used for
the surgical treatment of adrenal gland diseases.
One of these techniques is RPRA, which many
centers successfully apply, and is a safe, feasible,
and effective method [3]. This approach ensures
avoidance of the peritoneal cavity, which is the
main advantage. Not entering the peritoneal cav-
ity reduces complications associated with intra-
peritoneal access, such as visceral injury,
intraperitoneal bleeding, and adhesion formation.
Therefore, RPRA may be the preferred approach,
especially in patients who require intervention on
bilateral adrenal glands and in patients who have
had more than one abdominal surgery—in these
cases, intraperitoneal surgery may be more diffi-
cult due to previous adhesion formation.
However, the most significant shortcoming of
RPRA is the limitation in the working area,
which increases the technical difficulties of the
operation.

12.3 Preoperative Preparation
and Setup of the Patient

The RPRA technique is slightly modified com-
pared to the conventional approach. Robotic sur-
gery can be performed with one of the DaVinci
robotic surgery systems (Intuitive Surgical Sarl,
Aubonne, Switzerland). The system consists of a

Fig. 12.1 Patient
positioning for RPRA

4-arm robotic manipulator and remote control
surgical console. Surgery is performed under
general anesthesia. Preoperative preparation and
patient positioning are the same as posterior ret-
roperitoneoscopic adrenalectomy (PRA). The
robotic approach provides enough working
space and facilitates orientation by providing
readily identifiable anatomical landmarks and
better visualization of surrounding anatomical
structures.

The patient is carefully placed in a prone
jack-knife position (Fig. 12.1). Attention should
be paid to pressure points, and necessary places
(especially the axilla) should be supported
appropriately with pillows and gels. The retro-
peritoneal space is entered through a 1.5-2 cm
transverse incision, placed just beneath the
lowest tip of the 12th rib. Then, the trocar is
replaced with a dissecting balloon under direct
view to generate an adequate working space.
After that, a medial 12-mm-long trocar is
placed along the lateral border of the paraspi-
nous muscles. Next, two 8-mm robotic trocars
are applied, one lateral to the 12th rib port site
and one medial approximately 3 cm below the
junction of the 12th rib and the spine. A 5-mm
inferior port is often placed 3—5 cm (as far away
as possible from each other, attempting to pre-
vent instrument collision) caudad to the central
port site and used for the assistant port (retrac-
tor, suction, or irrigator device). The role of the
assistant at the surgical table is to change the
robotic instruments when necessary, assist in
dissection from the assistant’s port, attach the
clip to the adrenal vein, seal with the vessel
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Fig. 12.2 Port placement for RPRA. A—assistant port,
C—-camera, L1, L2—robotic trocars (left side), R1, R2—
robotic trocars (right side)

sealing device, and perform the wash-aspiration
process (Fig. 12.2). Pneumoretroperitoneum is
established with CO, insufflation, maintained
at 15-20 mmHg throughout the procedure. A
30-degree non-robotic endoscope is introduced
looking up. Gerota’s retroperitoneal fascia is
then taken down without injuring surrounding
structures or violating the peritoneal layer later-
ally using a blunt laparoscopic grasper. After

the port application, a 30-degree robotic endo-
scope is inserted, and the cavity is carefully
inspected to exclude any iatrogenic injuries or
to check for other retroperitoneal masses. At
this point, the robotic unit is docked, and the
primary surgeon moves to the operating con-
sole (Fig. 12.3).

Once the robotic unit is docked, the 8-mm
robotic cadiere forceps are used on the left-sided
port and the 8-mm robotic cautery hook is used
on the right-side port. This may change accord-
ing to the surgeon’s preference. The 30-degree
camera is looking down from this point, and dis-
section is carried out from lateral to medial,
detaching the tissue above the kidney. Next, the
assistant retracts the kidney caudally. The sur-
geon subsequently dissects the adrenal gland and
the tissue surrounding it from the superior aspect
of the kidney. First, the right or left adrenal vein
is identified medially, extending from the adrenal
gland to the vena cava or renal vein, respectively.
Then, the adrenal vein is carefully dissected and
clipped (using the robotic clip applier or standard
laparoscopic clips) or ligated with a vessel
sealer—placed by the bedside assistant through
the 5-mm assistant port. The adrenal gland is then
removed from its retroperitoneal attachments.
For hemostasis control, before the mass is
removed from the retroperitoneal area, it is
advised to wait 3—4 minutes after the retroperito-
neal gas is evacuated and recheck the operation
site. After the adrenalectomy is complete, the
robotic unit is undocked. The gland is removed
using a specimen retrieval bag and delivered via
the 12-mm middle port by extending the port site
incision at the skin and fascia, as necessary. After
the operative site is irrigated and suctioned, the
trocars are removed. The trocar sites are closed
appropriately. The patient is then placed supine,
extubated, and taken to the recovery room in a
stable condition.
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Fig. 12.3 Ports in place for RPRA

12.4 Evidence Regarding Robotic
Posterior Retroperitoneal
Adrenalectomy

12.4.1 Case Series

The surgical technique of RPRA was first
described by Berber et al. in 2010 in a series of 8
patients [4]. The mean operative time in these
first series was 214.8 min, docking time was
21.7 min, and console time was 97.1 min. In the
first few cases, the docking time lasted 60 min-
utes, but later on, this time could be reduced to
7 min. The mean blood loss was 24 ml, and the
patients were discharged from the hospital within
24 h. The highlight in this first series was the
length of the operation time, which was quite
long compared to the conventional retroperito-
neoscopic adrenalectomy data.

Also in 2010, a 6-patient study (one of the first
RPRA series) was published by Ludwing et al.
[5]. In this study, the mean operation time was
121 min, the console time was 57 minutes, the

docking time was 14 minutes, the blood loss was
<60 ml, and the hospital stay was 1.3 days. There
was no morbidity in either study [4, 5].

After these initial reports, Dickson et al. pub-
lished a series of 30 RPRA procedures per-
formed on 28 consecutive patients (26 unilateral
and 2 bilateral) [6]. Indications for adrenalec-
tomy included pheochromocytoma, hyperaldo-
steronism, hypercortisolism, oligometastases,
and nonfunctional tumors. The mean tumor size
in the study was 3.8 + 1.6 cm, and the mean body
mass index was 30.7 £ 6.5 kg/m?. The mean
operative time for unilateral total adrenalectomy
was 154 + 43 minutes, the estimated blood loss
(EBL) was 28.3 + 50.9 ml, and the conversion
rate to the open procedure was zero. Three
patients had perioperative complications. These
complications were reported as pneumothorax,
urinary retention, and retroperitoneal hematoma
requiring postoperative blood transfusion. In
addition, cortex-sparing RPRA was performed
for pheochromocytoma in four patients with
MEN2A in this series. One of these patients
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underwent right adrenalectomy and left cortex-
sparing adrenalectomy. No recurrent pheochro-
mocytoma was observed in any patient during
follow-up longer than 6 months. In addition,
average serum cortisol values were found in the
patient who underwent the bilateral procedure.
Based on their early experience, the authors
commented that robotic surgery might better
preserve the vascularized residue during mini-
mally invasive cortical sparing adrenalectomy
thanks to its three-dimensional visualization
capabilities, ergonomic design, enhanced visual-
ization tools compared to those in standard
endoscopic operations, and a more flexible
approach to dissection. In addition, the fluores-
cence imaging ability of the robotic system may
help visualize the integrity of the blood supply of
the remnant adrenal tissue in such cases [7].

12.4.2 Laparoscopic Versus Robotic
Posterior Retroperitoneal
Adrenalectomy

In their 2012 study, Agcaoglu et al. compared 31
laparoscopic posterior retroperitoneal adrenalec-
tomy (LPRA) and 31 RPRA cases [8]. Tumor
size, blood loss, hospital stay, and skin-to-skin
surgery times were similar between the two
groups. However, after an initial learning curve
of 10 cases, operative times were significantly
shorter in the robotic group (139 vs. 167 min,
p = 0.046), including robotic insertion times
ranging from 5 to 30 min. In addition, pain scores
on the postoperative first day were lower in the
robotic group than in the laparoscopic retroperi-
toneal group (p = 0.008). The authors attributed
this to the shorter operative time and less pressure
on the incisions due to their articulating
instruments.

In 2019, in a study published by Kim et al.,
LPRA was performed on 169 patients and
RPRA on 61 patients [9]. There was no differ-
ence between the two groups regarding tumor

size, BMI, EBL, or hospital stay. However, a
significant difference between the two groups
was found in the mean operation time (117 min-
utes for the LPRA group vs. 142 min for the
RPRA group, p = 0.006). Furthermore, in the
LPRA group, there was a positive correlation
between operative time and male gender, tumor
size, and pheochromocytoma. In RPRA, tumor
size and pheochromocytoma affected the opera-
tion time. When the adrenal tumor size was
<5.5 cm, a shorter operative time was registered
in LPRA than RPRA (p = 0.001). There was no
significant difference between LPRA and RPRA
operation times when the tumor size was
>5.5cm (p =0.102).

In a 51-patient study published by Fu et al. in
2020 comparing LPRA (n = 32) and RPRA
(n = 19) only in patients with pheochromocy-
toma, the incidence of hemodynamic instability
was lower in the RPRA group (26.3% vs. 56.2%,
p =0.038) [10]. In addition, in the RPRA group,
the EBL (100 ml vs. 200 ml, p = 0.042) and hos-
pital stay (5 days vs. 6 days, p = 0.02) were sig-
nificantly lower than in the LPRA group.

In a study published by Ma et al. in 2021
comparing 86 RPRA and 315 LPRA patients,
no difference was found regarding demographic
and tumor characteristics between the two
groups [11]. However, the mean postoperative
stay (3 vs. 4 days, p = 0.001) was significantly
shorter in the RPRA group. In addition, there
was no difference between the two groups
regarding the median operative time (100 vs.
110 min, p = 0.554), the median EBL (50 ml vs.
50 ml, p = 0.730), transfusion rate (p = 0.497),
and incidence of postoperative complications
(p =0.428).

In 2013, Park et al. carried out “single-port”
RPRA on five patients with adrenal cortical ade-
noma. The series had a mean operative time of
159.4 £ 57.6 (103-245) minutes and a mean EBL
of 46.0 £ 56.8 (5-120) ml. Neither conversion to
open surgery nor postoperative complications
were reported in any patient [12].
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12.4.3 Robotic Posterior
Retroperitoneal
Adrenalectomy Versus
Transabdominal Lateral
Robotic Adrenalectomy

In 2017, Kahramangil et al. compared RPRA and
TL-RA cases [13]. As a result, there were 188
robotic adrenalectomy patients, 12 of whom
underwent bilateral surgeries. In addition, 110
patients were operated on using the transabdomi-
nal lateral approach and 78 using the posterior
retroperitoneal approach. When both groups
were compared, in patients of similar age and
gender, the tumor size was larger (4.2 + 2.5 vs.
33 £ 2.0 cm, p = 0.01) and BMI was higher
(29.2 + 4.7 vs. 32.3 £ 8.1) in the TL-RA group.
Furthermore, the operation time was significantly
shorter in the RPRA group (136.3 + 38.7 vs.
154.6 = 48.4 min, p = 0.005). The authors stated
that this difference was due to the shorter expo-
sure time (32.8 £ 17.3 vs. 43.3 + 14.9 minutes,
p = 0.001). There was no difference in the EBL,
conversion to open surgery, and length of hospi-
tal stay Dbetween the two approaches.
Complications were observed in nine patients
(the most common was urinary tract infection),
similar in both groups. The authors reported no
mortality. The pain score was higher in the
TL-RA group on the postoperative first day
(p = 0.001) and similar between the two groups
on day 14. As a result of the study, the authors
emphasized that the postoperative outcomes of
both approaches were excellent and recom-
mended that suitable patients should undergo
RPRA in experienced centers because of the
shorter operation time and lower postoperative
pain.

12.4.4 Cost Analysis

Cost has been shown to be one of the most criti-
cal disadvantages of robotic surgery in general.
However, studies have demonstrated that the
multidisciplinary use of a robotic system and the
increase in the number of surgeries performed to
reduce costs. In a cost analysis report by Barbash

et al., the additional cost of using a robot for uni-
lateral adrenalectomies was estimated to range
between 1400 and 2900 USD, or about 10-20%
of the cost of the entire procedure [14].

Ma et al. also performed a detailed cost analy-
sis of LPRA and RPRA. While the total cost of
hospitalization was 8122 USD in the RPRA
group, this cost was reported as 4108 USD in the
LPRA group (p =0.001) [11]. On the other hand,
despite the fact that Agcaoglu et al. did not per-
form a detailed cost analysis in their study, the
authors stated that the cost was approximately
900-950 USD per robotic procedure. They also
argued that anesthesia costs for various general
surgical procedures are 1621 USD per minute
and that RPRA can reduce the cost by shortening
the operation time [8].
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