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Abstract

Background: The present study was conducted to evaluate the impact of enhanced recovery after
surgery (ERAS) pathway in patients undergoing laparoscopic adrenalectomy (LA) for primary and secondary
adrenal disease, in reducing the length of primary hospital stay and return to daily activities.

Materials and Methods: This retrospective study was carried out on 61 patients who underwent LA. A total
of 32 patients formed the ERAS group. A total of 29 patients received conventional perioperative care
and were assigned as the control group. Groups were compared in terms of patient’s characteristics (sex,
age, pre-operative diagnosis, side of tumour, tumour size and co-morbidities), post-operative
compliance (anaesthesia time, operative time, post-operative stay, post-operative numeric rating scale (NRS)
score, analgesic assumption and days to return to daily activities) and post-operative complications.
Results: No significant differences in anaesthesia time (P = 0.4) and operative time (P = 0.6) were reported.
NRS score 24 h postoperatively was significantly lower in the ERAS group (P < 0.05). The analgesic assumption
in post-operative period in the ERAS group was lower (P < 0.05). ERAS protocol led to a significantly
shorter length of post-operative stay (P < 0.05) and to return to daily activities (P < 0.05). No differences
in peri-operative complications were reported.

Discussion: ERAS protocols seem safe and feasible, potentially improving perioperative outcomes of patients
undergoing LA, mainly improving pain control, hospital stay and return to daily activities. Further studies
are needed to investigate overall compliance with ERAS protocols and their impact on clinical outcomes.
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INTRODUCTION

During recent years, several studies have identified the
advantages of minimally invasive surgery (MIS) techniques to
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treat a broad spectrum of functioning and non-functioning
adrenal diseases.” The technological contribution of MIS
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has been increased for the benefit of the patient with the
introduction of enhanced recovery after surgery (ERAS)
programmes, a series of evidence-based optimised
measures during the perioperative period, enabling patients
to recover quickly and return to function.¥ These led
to better clinical benefits, with shorten hospital stay and
faster return to daily activities, reduction in morbidity and
perioperative mortality, less post-operative pain and cost
saving when compared with conventional management
in patients undergoing elective surgery.”” Currently, the
focus is also shifting on other surgical specialties, such
as endocrine surgery. Adrenal surgery, despite being only
resective surgery, seems to be eligible of ERAS. Currently,
there are few studies showing the efficacy of ERAS applied
to mini-invasive adrenalectomy.™ In this context, the
purpose of the present study is to analyse the effect of
the ERAS pathway in patients undergoing laparoscopic
adrenalectomy (LA) for primary and secondary adrenal
diseases, in reducing the length of primary hospital stay
and return to daily activities.

MATERIALS AND METHODS

The present study is a retrospective evaluation of a
prospectively maintained database, including patients
submitted to adrenal surgery for all kinds of primary and
secondary adrenal tumours in an academic referral centre

Table 1: Eras protocol for mini-invasive adrenal surgery

for secondary hypertension and adrenal disease. Patients
were retrospectively divided into two groups: Group A,
patients submitted to perioperative conventional care;
Group B, patients submitted to perioperative ERAS
protocol [Table 1]. Exclusion criteria were simultaneous
surgical procedures, hypercortisolism and primary
malignant disease. Groups were compared in terms of
patient characteristics considering sex, age, comorbidities,
pre-operative diagnosis and side of tumour. Furthermore,
all patients received pre-operative computed tomography
scan or magnetic resonance imaging to evaluate the
size of the adrenal mass and its radiological features.
Patients assigned to Group A (conventional care) were
subjected to LA with conventional perioperative protocols.
Group B (ERAS) received the care elements of the ERAS
protocol [Table 1]. They were informed about the operative
procedure and rehabilitation programme. All patients
were evaluated by the same clinical team having expertise
in adrenal disorders, as previously published:!""'!) serum
sodium and potassium levels and the ratio between morning
plasma aldosterone and plasma renin activity to identify
primary hyperaldosteronism; 24-h metanephrine urinary
excretion to identify the presence of pheochromocytoma;
hypertensive patients received ambulatory blood pressure
monitoring to identify any possible lack in physiological
night reduction in blood pressure levels (non-dipper), that
is considered suspect for endocrine-related hypertension.

Phases Measures CC group (29)

ERAS group (32)

Pre-operative  Medical pre-habilitation and

management  risk optimisation surgeon
Pre-operative diet/nutritional No nutritional assessment
counselling (when needed)
Fasting Midnight before surgery
Prevention of DVT Low-molecular-weight heparin in single dose,
12 h before surgery, until 4 weeks after surgery
Intraoperative  Surgical approach Laparoscopic approach via lateral

transabdominal access
Antibiotic prophylaxis
Drains
Pain management

Placed for 24-48 h
with analgesic

Temperature management
Fluid infusion
on patient weight
Post-operative Urinary catheter

Nasogastric tube Placed for 24-48 h

Nutrition Clear fluid after flatus, daily progression to
diet as tolerated
Mobility No structured mobilesation plans

Pain management

Fluid infusion

Essential medical evaluation at discretion of

Single-shot prophylaxis 30’ before surgery
Standard post-operative pain management
No temperature management

Decided by treating anaesthetist and adjusted

Removed at surgeon’s discretion

20 mg of morphine continue infusion (24 h); 1
g paracetamol if VAS score >4
Complete intravenous fluids on the first

Check of kidney, lung and cardiovascular and
correction if needed/possible
Pre-operative low calory diet in obese patients

Clear liquids until 4 h before surgery, solids until 8 h
Low-molecular -weight heparin in single dose, 12 h
before surgery, until 4 weeks after surgery
Laparoscopic approach via lateral transabdominal
access

Single-shot prophylaxis 30’ before surgery

No routine use of abdominal drains

Pre-operative US or laparoscopic guided TAP block,
post-operative pain management with analgesic if
needed

Hot air blanket for normothermia maintenance

No fluid overloard

Removed on 1 post-operative day

Removed after surgery

Clear fluids 6 h after surgery, light meal on 1
post-operative day

Sit on bed 6 h after surgery. Walk on 1
post-operative day

20 mg of morphine continue infusion (24 h); 1 g
paracetamol if VAS score >4

No >1000 mL on POD1

POD1 day; gradually decreases

ERAS: Enhanced recovery after surgery, US: Ultrasound, DVT: Deep-vein thrombosis, POD1: Post-operative day 1, VAS: Visual Analogue Scale,

TAP: Transversus abdominis plane, CC: Conventional care
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Patients having pheochromocytoma were preoperatively
treated with alpha and eventually beta-blockers for at least
4 weeks before surgery, to normalise arterial pressure and
heart rate. All patients included in the study received a
thrombotic prophylaxis with low-molecular-weight heparin
was started 12 h before surgery until 4 weeks after surgery
and were subjected to LA via transabdominal access
using routine standards, and techniques protocolised for
a long time and follows the current state-of-the-science.
Anaesthetic technique was the same for both groups.
Premedication was administrated with 2 mg midazolam for
anxiolysis and a single shot of 2 g of cefazoline was given
30 min before the incision. Induction was performed with
propofol 2 mg/Kg and rocuronium bromide 0.6 mg/Kg,
maintenance with fentanyl 0.2 ug/Kg, sevoflurane MAC 0.8
and rocuronium Bromide 10 mg/45 min). Post-operative
pain management of both groups was the same; all patients
received 24 h continuous infusion of 20 mg morphine; pain
was checked at 6, 24 and 48 h after surgery by numeric
rating scale (NRS) administration. A rescue analgesiaby 1 g
intravenous paracetamol was given if NRS score was >4 or
on patient’s request. Data regarding NRS score and rescue
analgesia were reported [Table 2|. The complication was
recorded in number and graded according to Clavien-Dindo
Classification. All patients gave their informed consent
for their inclusion in the study. All procedures were in
accordance with the ethical standards of the responsible
committee on human experimentation (institutional and
national) and with the Helsinki Declaration of 1975, as
revised in 2008.

In Group A patients, an essential medical evaluation was
conducted before surgery and no nutritional assessment
having been carried out. Fasting started at midnight. During
the surgical procedure, a drain of a nasogastric tube was
placed for 24-48 h and no temperature management was

Table 2: Perioperative outcomes

MeanzSD P
Conventional ERAS
Anaesthesia time (min) 101.04+18.0  98.14+14.5  0.4°

Operative time (min) 71.8+20.3 75.3+17.6 0.6°
Post-operative stay 4.6£2.1 3.5+1.4  <0.05a
24 h post-operative NRS score 5.22+0.9 3.78+0.6 <0.05a
Analgesic assumption (1 unit: 5.4+1.6 2.7¥0.3  <0.05a
Acetaminophen 1 g IV)
Days to return to daily activities 18.1+6.3 14.33+3.4 <0.05a
Perioperative complications (CD)

| 8 5

Il 4 2

A - 1

111B - -

P-value is calculated using 2Chi-square test or "F-Fisher’s test.
NRS: Numerical Rating Scale, CD: Clavien-Dindo classification,
ERAS: Enhanced recovery after surgery, SD: Standard deviation,
IV: Intravenous
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adopted. The urinary catheter was removed at the surgeon’s
discretion and no mobilization planning was considered.
A 24 h intravenous fluid infusion (adjusted on patient
weight) was administrated

In Group B (ERAS), patients received anaesthesiologic
and nutritional consultation before surgery (the latter in
case of body mass index >30). Patients could drink water
freely until 4 h before surgery and solid until 8 h. During
surgical procedure, no routine drains were placed and a
hot air blanker was used for normothermia maintenance.
Furthermore, patients received bilateral ultrasound-guided
standard bilateral transversus abdominis plane (TAP) block
with 20 ml of 3.75 mg/ml ropivacaine (on each side) at
the time of general anaesthesia, before being placed in
lateral position for surgery. The nasogastric tube was
removed immediately after surgery. In the post-operative
phase, the patient was allowed to drink clear fluid 6 h
after surgery, and a light meal on 1% post-operative day if
tolerated. Patients were encouraged to sit out of bed 6 h
after surgery and to walk on the 1% post-operative day. The
urinary catheter was removed on the 1° post-operative
day. No more of 1000 ml of intravenous fluid infusion
was administrated.

Statistical analysis

Data were analysed with a computer software program (SPSS
Version 25.0.0.1; SPSS Chicago, 1L, USA for MacOS High
Sierra ver. 10.13.4, Apple Inc. 1983-2018 Cupertino, CA,
USA). All results were expressed as the mean * standard
deviation. Due to sample sizes, non-parametric tests were
applied. The Mann—Whitney U-test was used to analyse the
continuous variables. The Chi-square test or Fisher’s exact
test was used to study categorical variables. Differences with
an Ol-level of <0.05 were considered statistically significant.

RESULTS

A total of 61 patients were included in the analysis. All
patients signed an informed consent specific for adrenal
surgery and (Group B) for inclusion in an ERAS program.
The study was approved by the Internal Department
Board. Group A included 29 patients with a mean age of
45.8 = 11.1 years, while Group B included 32 patients with
amean age of 44.2 + 10.4 years. No significant differences
in patient demographics between the two groups were
found and no significant differences between the groups
regarding diagnosis and tumour size (41.7 £ 17.8 mm in
ERAS and 43.1 = 19.8 mm in conventional, P = 0.08).
Patient’s demographics and pre-operative characteristics
are summarised in Table 3. No complications related
to anaesthetic infiltration were reported. No significant
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Table 3: Pre-operative patients demographics and tumour
characteristics

Conventional ERAS P
n=61 29 32

Male /female 13/16 17/15
Age (years), mean+SD 44.2+10.4 45.8+11.1  0.42
Pre-operative diagnosis
Non-functioning mass 7 9
Aldosterone-producing adenoma 17 14
Pheochromocytoma 3 8
Metastasis 2 1
Side (right/left) 14/15 15/17
Tumour size (mm), mean+SD 43.1£19.8 41.7+17.8 0.08°
Comorbidities
Diabetes 4 3
COPD 3 2
Hypertension 25 23
Obesity (BMI >35) 1 2

P-value is calculated using 2t-student test or "Chi-square test.
ERAS: Enhanced recovery after surgery, SD: Standard deviation,
BM1I: Body mass index, COPD: Chronic obstructive pulmonary disease

differences in anaesthesia time (98.14 £ 14.5 min. in
ERAS and 101.04 = 18.0 min. in conventional, P = 0.4)
and operative time (75.3 * 14.5 min. in ERAS and
71.8.04 £ 20.3 min. in conventional = 0.6) were reported.
NRS score 24 h postoperatively was significantly lower
in the ERAS group (3.78 + 0.6 in ERAS and 5.22 £ 0.9
in conventional, P < 0.05) and this explains the lower
need for analgesic assumption in the post-operative
period in ERAS group (2.7 £ 0.3 in ERAS and 5.4 = 1.6
in conventional, P < 0.05), as already reported in our
previous study.'"? ERAS protocol led to a significantly
shorter length of post-operative stay (3.5 = 1.4 days in
ERAS and 4.6 + 2.1 days in conventional, P < 0.05) and
to return to daily activities (14.33 + 3.4 days in ERAS and
18.1 £ 6.3 days in conventional, P < 0.05). No differences
in perioperative complications were reported.

DISCUSSION

In the last two decades, a large body of evidence has
demonstrated the success rates of ERAS protocols when
applied to MIS, making them a well-established practice
primarily in colorectal, gastric, oesophageal and bariatric
surgery as well as in non-gastrointestinal specialties.'"”
In recent years, efforts are being made to promote ERAS
programs for high-complexity surgery as pancreatic
surgery, but also for abdominal wall surgery and pure
resective surgeries as adrenal surgery.®'®'l The ERAS
protocols are a bundle of evidence-based perioperative
approaches that aim to alleviate post-operative functional
disorders by reducing surgical stress and promoting
post-operative recovery, showing decreased recovery
times, shortened hospital stays, reduced hospital costs and
increased patient satisfaction."®!”! The results from ERAS
pathways demonstrate a greater impact on post-operative

4

outcomes than the effects of the traditional ‘fast-track’
approach. Beginning with pre-operative counselling, clear
information to patients before surgery decreases anxiety,
facilitates post-operative recovery and pain control and
increases care plan adherence, allowing for eatlier recovery
and discharge.”” Pre-operative fasting has been a part of
traditional surgery protocol to avoid pulmonary aspiration,
exacerbating the already increased metabolic stress found
post-operatively.?!! This causes insulin resistance, a key
element in prolonged recovery and increased morbidity
in reducing muscle function, impairing mobilisation and
predisposing the patients to infections and cardiovascular
problems.’? ERAS aims to attenuate the development of
insulin resistance. A metabolically fed state for surgery
can be achieved by the ingestion of a carbohydrate-rich
beverage before midnight and 2-3 h before surgery,
reducing pre-operative thirst, hunger, anxiety and
post-operative insulin resistance.'¥ The choice of MIS is
essential to adhere to ERAS protocols in LA becoming
the gold standard approach for adrenal glands tumours.
This is fair because the adrenal gland is located deep in the
retroperitoneum beneath the diaphragm. Open surgery via
anterior transabdominal, posterior and flank approaches,
is difficult and technically demanding, and is associated
with complications and lengthy convalescence. Multiple
comparative studies and case series have demonstrated
the benefits of MIS, including decreased analgesic
requirements, shorter hospital stay and recovery time
when compared with open surgery.”*! Mini-invasive
surgery permits to develop several techniques and medical
strategies to improve perioperative outcomes. For example,
on the use of antibioticopfophyaxis®! or on the use of
perioperative pain control strategies, such in the case of
TAP block, that has already demonstrated its effectiveness
even in the field of adrenalectomy.'” Drainage should
not be used after uncomplicated procedures. This
supports mobilisation and reduce pain, discomfort and
risk of infection.
be avoided due to the occurrence of fever, atelectasis and

! Nasogastric decompression should

pneumonia.””! Complete avoidance or at least removal of
nasogastric tubes before the reversal of anaesthesia is vital
in reducing the risk of pneumonia while supporting the
progression to intake of solids.”"! Studies support the fact
that preservation of normal body temperature reduces
wound infections, cardiac complications, bleeding and
transfusion requirements. This can be accomplished by
forced air heating of the upper body, intravenous fluids
given with extending heating to 2 h before and after
surgery for additional benefits.”!! The eatly removal of
urinary catheters supports mobilisation.””! Liberal use
of intravenous fluids has been demonstrated to delay
the return of normal gastrointestinal function increasing

Journal of Minimal Access Surgery | Volume XX | Issue XX | Month 2023
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post-operative complications.? For this reason, we have
adopted a post-operative intravenous fluid restriction in

ERAS group.

Bed restis associated with multiple documented deleterious
effects.” Bed rest favours diffuse muscle atrophy,
thromboembolic disease and insulin resistance.’” Early
mobilisation after adrenalectomy should be encouraged
from the morning after the operation until hospital
discharge. Normal food intake is considered essential
in an ERAS protocol to maintain body homeostasis.
Normal diet, as opposed to parenteral nutrition, should
be encouraged and re-established as soon as possible.”!!
Even if adrenal surgery is purely resective and seems to
have few connections with prehabilitations and ERAS
protocols, we carried out a retrospective evaluation to
verify if they could improve the patient’s outcomes after
adrenal surgery. Patients having pre-operative diagnosis of
adrenal carcinoma were excluded because often burdened
by local invasion and due to the high risk of capsule
rupture and intraperitoneal tumour spread that occur
in LA, which makes open approach the approach of
choice.”! In Cushing’s syndrome patients, dysmetabolic
disorders caused by hypercortisolism result in weight gain
as one of the eatliest signs of this disorder, and so they
were considered not eligible for a weight loss program
included in pre-operative ERAS programme. In this study,
we tried to assess the possibility of a standardisation
of perioperative management protocols and if this can
produce results in this type of procedures, continuing the
path already opened by other latest studies. In this regard,
in 2021, a retrospective analysis of 47 patients showed that
length of stay and post-operative stay were both shortened
in the ERAS group and this was not associated with an
increase in clinically relevant complications. The total cost
and post-operative cost decreased significantly in the ERAS
group.”’ In addition, in 2022, a retrospective case-control
study of 106 patients showed that the length of stay was
shorter in patients who received ERAS perioperative care
and was associated with lower costs for pre-operative and
post-operative costs with faster return to work.®) Our
study, despite its retrospective nature and despite dealing
with a limited number of patients, has shown that time
to readiness for hospital discharge and return to daily
activities in the ERAS group were significantly shorter
than the corresponding values in the control group. No
differences were found for post-operative complications.
This shows how an accurate and standardised perioperative
management can improve perioperative patient outcomes
also for this type of surgery. ERAS protocols are safe and
feasible and greatly improve the perioperative outcomes
of adrenal surgery while reducing long of stay and speed

Journal of Minimal Access Surgery | Volume XX | Issue XX | Month 2023

up the return to daily activities. A laparoscopic approach
may be necessary to reduce complication rates in adrenal
surgery. The development of a unified and standardised
ERAS protocol for adrenal surgery and its pathways is an
opportunity for future research. However, further studies
are needed to investigate overall compliance with ERAS
protocols and its impact on clinical outcomes.
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