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Abstract

Lateral retroperitoneoscopic adrenalectomy (LRA) is performed mostly by urologists. It is gaining popularity among general
surgeons because of the direct access to the adrenal gland. However, the management of large tumors remains controversial. We
report our experience and discuss the advantages and the drawbacks of this approach. Between December 2011 and April 2015,
89 consecutive patients underwent LRA for adrenal tumors. Conversion to open surgery, operative time, blood loss, hospital stay,
intra-operative complications, early and late postoperative complications, and mortality were analyzed. The entire group was divided
into patients with large tumors (>5 cm) and patients with small tumors (<5 cm), which were further compared. The conversion
rate was 1.1%. The mean operative time was 107.4+27.95 min, the mean blood loss 33.15 +25.45 ml. The mean hospital stay was
4.7+2.05 days. Most of the complications were minor. There was zero mortality. Concerning the size of the tumor, we found statis-
tically significant difference in operative time (p=0.001), hospital stay (p=0.020), incidence of early postoperative complications
(p=0.049), and conversion rate to open surgery (p=0.037). LRA is a feasible, effective and safe procedure that offers additional
advantages over the standard transabdominal approach because of its direct access to the adrenal gland. However, malignancy, large
tumor size, bilateral pathology, and concomitant intra-abdominal pathology may represent a potential setback for this approach.
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Introduction adrenal gland, which avoids the need of mobilization of the

abdominal organs [3]. This makes it appealing in the settings

Several different approaches currently exist for performing
laparoscopic adrenalectomy: lateral transabdominal, anterior
transabdominal, posterior retroperitoneal and lateral retrop-
eritoneal. Lateral retroperitoneoscopic adrenalectomy (LRA)
has gained popularity mostly among the urology surgeons
due to the familiarity with the anatomy of laparoscopic
nephrectomy [1]. Recently, it is being performed more often
by general surgeons with consistently good results when
compared to the conventional transabdominal approach [2].
The main advantage of the LRA is the direct access to the
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of prior abdominal surgery and intra-abdominal adhesions
[4]. The drawbacks are the relatively restricted retroperito-
neal space and the need to reposition the patient in case of
bilateral tumors [5]. The management of tumors larger than
5 cm remains controversial [6]. For better results, patients
with adrenal tumors should be referred to high-volume cent-
ers with extensive experience in the surgery of adrenals, irre-
spective of the surgeon specialty—general or urologic [7, 8].
The aim of this study was to report our experience and to
discuss the outcomes and the controversies of LRA.

Methods
Patient selection
Our surgical department is the referral university center for

the treatment of adrenal pathology in our country. In the era
of laparoscopy, LRA was introduced in 1996 and was the
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initial laparoscopic technique accepted for adrenalectomy in
our institution. Since then, it is the operative method of choice
for all adrenal tumors except for primary adrenal malignancy
and the presence of concomitant intra-abdominal pathology.
Between December 2011 and April 2015, 90 patients under-
went endoscopic adrenalectomy. After an informed consent,
all the operations were performed by a mentor general sur-
geon. The indications for adrenalectomy were hormonally
active adrenal tumors, tumors with size >4 cm, tumors with
size <4 cm with rapid growth of at least 0.5 cm and/or with
newly appeared hormonal activity during the follow-up, and
all tumors suspected for isolated metastases. When a bilateral
adrenalectomy was indicated, a staged approach was chosen
with LRA performed on the side with the larger tumor, and
after receiving the histological result, the patient was sched-
uled for LRA on the contralateral side. All patients under the
age of 18 and patients with high suspicion for primary adrenal
malignancy were excluded from this study.

Preoperative preparation

The preoperative workup included complete hormonal activ-
ity evaluation carried out by endocrinologists, cardiac and
anesthesia evaluation, computed tomography, or if neces-
sary, magnetic resonance imaging and positron emission
computed tomography. Patients with pheochromocytoma
were prepared with a-1 blocker—doxazosin—for at least
10 days before surgery and with B-blocker, if needed.
Patients with aldosterone-producing adenoma were prepared
with spironolactone and potassium to reach a normal range
of potassium levels. All patients received antibiotic prophy-
laxis and enoxaparin 40 mg/24 h until the discharge.

Surgical technique

The patient was placed in a lateral position with the umbili-
cus at the level of the bending axis of the table and with a
supporting pillow to optimize the trunk extension (Fig. 1). A
1.5 cm incision was made below the angle of 12th rib. The
index finger was used to create a space in the retroperito-
neum and to guide the placement of a 5-mm trocar just lat-
eral in the anterior axillary line. A blunt 11-mm trocar was
then inserted into the initial incision for a 0° optic system.
After the insufflation of the CO, to 15 mmHg pressure, more
space was created bluntly, and a 5-mm trocar was placed in
the angle between the paraspinal muscle and the 12th rib.
If needed, one more 5-mm trocar was inserted in the area
of the conventional flank incision. After opening Gerota’s
fascia, the kidney was visualized. The fatty tissue contain-
ing the adrenal gland was elevated and separated from the
superior pole of the kidney using an energy-based device.
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Fig. 1 Patient positioning

The adrenal vein was then identified, clipped, and divided
(Fig. 2). The entire specimen was removed in a custom-
made plastic bag through the initial incision, which was then
closed with several figure-of-eight absorbable sutures. A 16
Fr drain was routinely placed.

Statistical analysis

Data were collected prospectively in a dedicated database
and reviewed retrospectively. Baseline patient characteris-
tics were recorded including age, gender, body mass index
(BMI), American Society of Anesthesiologists (ASA) risk
group, tumor size, tumor side, previous abdominal surgery
and are represented in Table 1. The studied continuous
variables included operative time, blood loss, and hospital
stay. The studied categorical variables were conversion
to open surgery, intra-operative complications, early and
late postoperative complications, and mortality. Tumor
size was estimated in imaging studies. Operative time was
measured from skin incision to closure. The intra-opera-
tive blood loss was calculated from the amount of blood
aspirated in the suction system. Patients were discharged
after a regular diet, a normal ambulation, and adequate
pain control. Intra-operative complications were divided
into peritoneal tears, diaphragmatic injuries, kidney inju-
ries, injuries of other adjacent structures, and hemody-
namic instability. Early postoperative complications
(within the first 30 days of operation) were active bleed-
ing, retroperitoneal hematomas, wound-related (surgical
site infections, hematomas, seromas, and ecchymosis),
subcutaneous emphysemas, and non-surgical complica-
tions—deep vein thrombosis (DVT), pulmonary throm-
boembolism, and others. Late postoperative complications
(after 30 days of operation) included trocar site hernias,
incisional hernias at the site of specimen extraction, and
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Fig.2 Operative field of right
lateral retroperitoneoscopic
adrenalectomy. a 6 cm adrenal
tumor, b adrenal vein, ¢ v. cava
inferior

Table 1 Demographic characteristics of the patients

Age (years) 50.5+12 (27-76)
Gender

Female 67 (74.4%)

Male 23 (25.6%)
BMI (kg/m?) 28.7+5.4 (19-45)
Obesity BMI>30 25 (27.7%)
Severe obesity BMI > 35 10 (11.1%)
ASA

I 1(1.1%)

1T 26 (28.9%)

I 59 (65.5%)

v 4 (4.4%)
Tumor size (mm) 35.8+19 (5-113)
Tumor side

Bilateral 9 (10%)

Left 45 (50%)

Right 36 (40%)
Previous abdominal surgery 30 (33.3%)

BMI body mass index, ASA American Society of Anesthesiologists

non-surgical complications. A non-surgical complication
was defined as a medical complication resulting from fac-
tors other than directly related to the surgical procedure.
Follow-up protocol consisted of consultations with a sur-
geon at 10 days, endocrinologist at 30 days and 6 months,
and telephone consultation after that.

The continuous data were expressed as the mean and stand-
ard deviation, while the categorical data were presented as
the percentage. The patients were divided into two groups
depending on the tumor size—with large tumors (>5 cm)
and with small tumors (<5 c¢m). The continuous variables
between the groups were compared with Student’s ¢ test, and

the categorical variables between groups were compared with
chi-square test. All data for this study were analyzed using the
IBM SPSS Statistics v20.0. Results were considered statisti-
cally significant when p value was found to be less than 0.05.

Results

A total of 89 LRA’s were performed. In one case, the
transabdominal approach was used, and a simultaneous
adrenalectomy and cholecystectomy was performed. The
most common histological type of removed tumors was
nonfunctioning adenoma—36 (40%). 18 patients (20%)
had a diagnosis for Cushing’s adenoma or hyperplasia,
while 13 (14.4%) had aldosterone-producing adenoma. In
ten cases (11.1%), the postoperative pathologic evaluation
confirmed the diagnosis of pheochromocytoma. There were
two patients with isolated adrenal metastasis (one from lung
and one from breast cancer), two patients with unsuspected
adrenal carcinoma, and two patients with sex hormone-
producing adenoma. The rest of the patients 7 (7.8%) were
with other histological diagnosis—myelolipoma (two cases),
haemangioma (one case), angiomyelolipoma (one case), and
cysts (three cases) (Table 2).

Conversion was necessary in one case of LRA (1.1%). The
reason was that an infiltration to the vessels of the kidney
necessitated an en bloc nephrectomy. The mean operative
time was 107.4 +27.95 min without statistically signifi-
cant differences between the left and right LRA (p =0.45).
The mean blood loss was 33.15+25.45 ml without the
need for blood transfusion. The mean hospital stay was
4.7+2.05 days. The percentage of intra-operative compli-
cations was 18% (16 of 89 cases). Eight small peritoneal
tears that resulted in the loss of working space solved with a
transabdominal Veress needle placement. One diaphragmatic
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Table 2 Histological type of removed tumors

Table 3 Operative and postoperative outcomes

Diagnosis N (%)
Nonfunctioning adenoma 36 (40)
Cushing’s adenoma and nodular hyperplasia 18 (20)
Aldosterone-producing adenoma 13 (14.4)
Pheochromocytoma 10 (11.1)
Cysts 33.3)
Metastasis 2(2.2)
Adrenocortical carcinoma 2(2.2)
Sex hormone-producing adenoma 2(2.2)
Myelolipoma 2(2.2)
Haemangioma 1(1.1)
Angiomyelolipoma 1(1.1)

injury necessitated chest drainage. One injury of the kidney
necessitated a suture. One case of bleeding from m. latissi-
mus dorsi necessitated additional hemostasis, and five cases
of hemodynamic instability (in two patients with pheochro-
mocytoma and three patients with aldosterone-producing
adenoma) managed with adequate resuscitation and medi-
cations. The rate of early postoperative complications was
34.8% (31 of 89 cases). Ecchymosis at the site of specimen
extraction (22.5%) and subcutaneous emphysema (6.7%)
were the most common, and they were resolved spontane-
ously. One case of retroperitoneal hematoma, one case of
DVT (in a patient with previous history of DVT), one case
of pulmonary thromboembolism (in a patient with Cushing’s
syndrome), and one case of pulmonary edema, treated une-
ventfully. Among the late postoperative complications—7.9%
(7 of 89 cases)—three patients were registered with inci-
sional hernia at the site of specimen extraction, one patient
with trocar site hernia, and three had non-surgical complica-
tions more than 30 days after the operation. The operative
and postoperative outcomes are represented in Table 3.

17 adrenalectomies for large tumors (>5 cm) were per-
formed and 72 for small tumors (<5 cm). There were statisti-
cally significant differences between the two groups in terms
of operative time (127.8+28.3 vs. 102.9 426 min; p=0.001),
hospital stay (5.75+3.4 vs. 4.4+ 1.5 days; p=0.020), inci-
dence of early postoperative complications (53% vs. 30.5%;
p=0.049), and conversion rate to open surgery (5.9% vs. 0%;
p=0.037). There were no statistically significant differences
between the groups in terms of blood loss, intra-operative,
and late postoperative complications (Table 4).

Discussion
Laparoscopic adrenalectomy is the standard of care for all

non-primary adrenal cancer tumors [9]. The overall inci-
dence of conversion to open surgery is 1.4% [10-12]. We
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Conversion 1(1.1%)
Operative time (min) 107.4+27.95
Left side 106.1+28.6*
Right side 111.3+36.5*
Blood loss (ml) 33.15+£25.45
Hospital stay (days) 4.7+2.05
Intra-operative complications
Peritoneal tears 8 (9%)
Hemodynamic instability 5(5.6%)
Diaphragmatic injuries 1(1.1%)
Kidney injuries 1(1.1%)
Adjacent structures injuries 1(1.1%)
Early postoperative complications
Wound related 20 (22.5%)
Ecchymosis 20
Hematomas 0
Seromas 0
Surgical site infections 0
Subcutaneous emphysema 6 (6.7%)
Retroperitoneal hematoma 1(1.1%)
Active bleeding 1(1.1%)
Non-surgical complications
Deep vein thrombosis 1(1.1%)
Pulmonary thromboembolism 1(1.1%)
Others 1(1.1%)
Bleeding requiring blood transfusion 0 (0%)
Reoperations 1(1.1%)
Late postoperative complications
Incisional hernias 3 (3.4%)
Non-surgical complications 3(3.4%)
Trocar site hernias 1(1.1%)
Mortality 0(0%)

*Results without statistically significant difference between the two
groups (p=0.45)

showed that LRA is a feasible procedure with low conver-
sion rate —1.1%. One of the potential advantages of the
direct retroperitoneal access is that LRA avoids the need
to enter the peritoneal cavity and mobilize adjacent intra-
abdominal organs such as the spleen, pancreas, liver, and
colon, which is more traumatic and seems illogical, consid-
ering the small size of the adrenal gland and its placement
deeply in the retroperitoneal space. Furthermore, the main
causes for conversion during transabdominal approach are
splenic and pancreatic injuries, which are very difficult for
treatment [13, 14]. The reasons for conversion after retro-
peritoneal approach, cited by the other authors, are failure
to progress, inability to develop the retroperitoneal space,
and loss of pneumoretroperitoneum, mainly associated
with inexperience of the surgeon [15]. Another issue of
the transabdominal approach could be the intra-abdominal
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Table 4 Operative and postoperative outcomes depending of the
tumor size

Variables >50 mm <50 mm p value
Operative time (min) 127.8+28.3 102.9+26 0.001*
Blood loss (ml) 40.7+25.1 31.5+254 0.196*
Hospital stay (days) 575+£34  44x15 0.020*
Intra-operative complications 2 (11.8%) 14 (19.4%) 0.285°
Early postoperative complica- 9 (53%) 22 (30.5%) 0.049°
tions
Late postoperative complications 2 (11.8%) 5 (6.9%) 0.365°
Conversion 1(5.9%) 0 (0%) 0.037°

The values in bold indicate the results with statistically significant
difference between the two groups (p <0.05)

aStudent’s 7 test

°Chi-square test

adhesions from previous surgeries [16]. LRA is ideal for
patients who underwent a previous laparotomy, a procedure
previously performed on 33.3% of the patients in our study
[17]. In case of unexpected primary adrenal malignancy
and when an en bloc nephrectomy is required, we prefer
to convert into open surgery, especially for large tumors.
In our experience, the access to the vessels of the kidney
via the lateral retroperitoneal approach is more difficult and
compromises the oncological outcomes, comparing to the
transabdominal approach. Though, the intraperitoneal dis-
semination of tumor cells is avoided in LRA. In addition, the
transabdominal approach for adrenalectomy has no alterna-
tive in the cases of concomitant intra-abdominal pathology
and for performing combined abdominal procedure [18].
LRA is a safe procedure. In our study, the mortality was
0% after mean follow-up of 19.75+ 8.10 months, which is
the same like the overall incidence of mortality after laparo-
scopic adrenalectomy —< 0.5% [19]. One of the well-known
drawbacks of the LRA is the restricted working space in
the retroperitoneum. This might lead to serious additional
technical difficulties and related complications. We reported
relatively high incidence of intra- and postoperative com-
plications, comparing to the postoperative morbidity rate
after minimally invasive adrenalectomy that ranges from 3
to 20% [20]. On the other hand, in our study, the majority
of them are negligible, e.g. small peritoneal tears and sub-
cutaneous emphysema, and the others were treated unevent-
fully [21]. Only one patient in this study needed a reopera-
tion due to postoperative bleeding and none needed blood
transfusion. In this case, the routine retroperitoneal drainage
helped us taking the early decision for a revision. However,
we believe that it is optional to omit the drain placement
after an uncomplicated adrenalectomy [22]. Some authors
apply high-pressure CO, insufflation—20-30 mmHg dur-
ing retroperitoneal approaches. As a result, an increase in

the deleterious effects of CO, such as hypercarbia, acidosis,
and hypertension can be observed [23, 24]. On the other
side, some patients tolerate retroperitoneal CO, insufflation
better than intraperitoneal CO, insufflation from a hemo-
dynamic and respiratory perspective [25]. In our practice,
the CO, insufflation pressure was usually between 12 and
15 mmHg, which is a standard pressure for laparoscopic
operations. We registered five cases of hemodynamic insta-
bility—two in patients with pheochromocytoma and three
in patients with aldosterone-producing adenoma—which are
well-known events even with proper preoperative prepara-
tion and are previously described by Gockel et al. [26, 27].
All of them were successfully managed by the anesthesi-
ologist. For this reason, we believe that the presence of an
experienced anesthesiologist in the treatment of the adrenal
pathology is mandatory. Despite the use of lower insufflation
pressure, venous thromboembolic events still can occur in
risky patients like the two cases in this series. Therefore, we
suggest prolonged anticoagulant prophylaxis in patients with
Cushing’s syndrome [28]. We also registered 0% of surgi-
cal site infection, which is better compared to the results
of other authors, and no case of neuromuscular pain linked
to subcostal nerve injury—a complication, specific for the
retroperitoneal approach [29, 30]. In this study, the mean
blood loss was 33.15+25.45 ml, which is lower than that
of other authors who used other approaches—74 ml [7, 10].
We believe that this might be due to the direct access to the
gland in LRA, which provides easy ligation of the adrenal
vein.

As reported recently, the most important advantages of
the retroperitoneal approaches and their direct access to the
adrenal gland are shorter operative time, better postoperative
pain score, shorter hospital stay [31-33]. It is estimated that
the learning curve of laparoscopic adrenalectomy is approxi-
mately 30—40 procedures [34]. Bakkar et al. [35] described a
rapidly achieved learning curve for posterior retroperitoneo-
scopic adrenalectomy (PRA) by experienced surgeons and
noted significant reduction in operative time after the sixth
procedure. Due to the profile of our department, which is one
of the largest teaching units in the country, we do not expect
the mean operative time to be reduced. Although training
has an obvious impact on our operative time, we registered
a mean operative time of 107.4 +27.95 min, which appears
comparable to that of other authors [36]. However, some
authors reported a shorter mean operative time. For example,
Walz et al. [37] reported a mean operative time of 57 min
after PRA. Zhang et al. [38] reported even better mean oper-
ative time—43 min—for LRA. In our experience, the left
LRA can be sometimes more challenging due to the higher
position of the left kidney necessitating its retraction cau-
dally for better exposure. However, we did not find statisti-
cally significant differences in the operative time between
the left and right LRA (p =0.45). The mean hospital stay
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in our study was 4.7 +2.05 days. Kiriakopoulos et al. [39]
reported reduction of postoperative pain and faster recovery
of bowel movements after retroperitoneal adrenalectomy due
to the avoidance of pneumoperitoneum. 60% of the patients
did not require narcotic analgesia, and were mobilized and
started diet on the evening of the surgery. This led to mean
hospital stay of 1-2 days. LRA demands repositioning of the
patient for bilateral adrenalectomy compared to the PRA.
In our experience, this is associated with increased opera-
tive time and morbidity. For these reasons, staged approach
would be indicated, although the ideal approach for bilateral
adrenalectomy is still debated [40]. On the other hand, LRA
may be more favorable in morbidly obese patients due to
technical difficulties associated with the prone position in
the PRA [41]. In our study, we reported success in the LRA
in ten patients with BMI> 35 kg/m?. LRA can be also more
easily converted to an open surgery or flank transperitoneal
approach compared to the PRA [42].

Tumor size is also an important consideration of the
LRA regarding the restricted working space. Previous
authors’ opinions showed that the transabdominal approach
is better than the retroperitoneal in the treatment of large
adrenal tumors often defined as tumors larger than 5 cm
[43—-45]. We anticipate that with the improvement of the
technique and the experience, LRA can be performed for
larger tumors with good results [46]. In our study, we con-
firmed the feasibility of the LRA for adrenal tumors larger
than 5 cm with only one case of conversion to open surgery
and with comparable results to the other approaches. We
found that LRA for larger tumors has statistically signifi-
cant longer operative time and hospital stay compared to
the group of patients with small tumors (<5 cm). We also
found a statistically significant increased rate of early post-
operative complications and two cases of incisional hernia,
which in our opinion is due to the difficulties in specimen
extraction, sometimes necessitating a major enlargement of
the incision. To minimize such complications in the future,
a successful alternative in some cases of large adrenal
tumors could be a partial adrenalectomy or morcellation
of the tumor [47]. Recently, Chen et al. [6] also compared
LRA for large tumors (> 5 cm) and small tumors (<5 cm).
They confirmed statistically significant longer operative
time and longer hospital stay after LRA for larger tumors.
However, no significant differences in the number of con-
versions and the number of postoperative complications
were observed.

In conclusion, LRA is a feasible, effective, and safe pro-
cedure that offers additional advantages over the standard
transabdominal approach because of its direct access to the
adrenal gland. However, malignancy, large tumor size, bilat-
eral pathology, and concomitant intra-abdominal pathology
may represent a potential setback for this approach.
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