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Background: Due to the minimally invasive technique, improved visualization, and rapid recovery,
laparoscopic adrenalectomy has established itself as the gold standard for the surgical management
of adrenal tumors. Yet, perioperative anaesthetic management of adrenal tumors can be challenging
due to the varied functional characteristics of adrenal lesions, from non-secreting incidentalomas to
hormonally active tumors, such as pheochromocytomas, Cushing’s adenomas, and aldosterone-
producing adenomas. Each variant will have specific hemodynamic effects, biochemical
derangements, and associated perioperative risks, which require careful preoperative assessment,
vigilant monitoring intraoperatively, and precise pharmacologic approach.

Aim: The aim of this paper is to address the multi-faceted considerations and management protocols
associated with the anesthetic care of laparoscopic adrenalectomy across endocrine pathologies,
including differential diagnostic challenges, optimization concepts and evidence-informed
perioperative management of hemodynamic instability.

Materials and Methods: A retrospective analysis was conducted on patients undergoing
laparoscopic adrenalectomy for a variety of adrenal pathologies at a tertiary care teaching hospital.
The records of demographic characteristics, clinical presentation, pre-operative hormonal work-up,
radiological studies, anaesthetic ~methods, intra-operative hemodynamic fluctuations,
pharmacological therapies, and post-operative outcomes were scrutinized. Pre-operative
optimization included a combination of alpha- and beta-blockade in the management of
pheochromocytoma, steroid suppression in Cushing's syndrome, and volumetric correction in
Conn's syndrome. General anaesthesia data included the standard provision of balanced volatile
agents, continuous invasive arterial blood pressure monitoring, and goal-directed fluid therapy. Data
analysis included descriptive statistics and comparative measures between diagnostic entities.
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Results: Ultimately, there were 42 patients included in the overall analysis: 16 with
pheochromocytoma, 12 with cortisol-secreting adenomas, 8 with Conn’s syndrome, and 6 with non-
functioning adrenal masses. Preoperative optimization achieved at baseline hemodynamics in 88%
of the patients prior to induction. The intraoperative period was characterized by transient
hypertensive crises in 10 patients (23.8%) and hypotensive episodes following adrenal vein ligation
in 8 patients (19%). Pheochromocytoma cases exhibited the greatest hemodynamic variability
requiring vasoactive support, while cortisol and aldosterone secreting tumors fluctuated mildly and
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were managed with

interventions. There were no major perioperative morbidity or mortality. The mean recovery time
of 2.8 + 0.9 days was shorter with quicker ambulation and a shorter hospital length of stay than
patients who underwent open adrenalectomy at the studied institution.

Conclusion: Effective anaesthetic management of laparoscopic adrenalectomy requires a clear
preoperative diagnosis, multidisciplinary collaboration, and careful monitoring of the patient
intraoperatively. Knowledge of the endocrine changes that can occur with each adrenal pathology
can facilitate early intervention in troublesome hemodynamic shifts. An anaesthetic plan developed
around the unique patient physiology and comorbidities can help reduce complications, improve
recovery, and optimize overall perioperative outcomes despite the inherent diagnostic complexities
associated with adrenal pathology.

Keywords: Laparoscopic adrenalectomy; Anaesthesia management; Pheochromocytoma; Cushing’s
syndrome; Conn’s syndrome; Hemodynamic stability; Endocrine anaesthesia; Adrenal tumors.
Correspondence concerning this article should be addressed to Sofia Stathi, Institute for Lifecourse
Development, School of Human Sciences, University of Greenwich, Old Royal Naval College,
SE10 9LS, London (UK). Email: s.stathi@gre.ac.uk

BACKGROUND

Since its inception into adrenal surgery practice in the early 1990s, laparoscopic adrenalectomy has transformed
the surgical treatment of adrenal diseases and is now viewed as the preferred alternative to open adrenalectomy
for most benign adrenal tumors. The surgical benefits of laparoscopic adrenalectomy are well documented and
include smaller incisions, reduced postoperative pain, lower blood loss, faster ambulation, and shorter lengths of
stay [1]. Nevertheless, anesthetic management during laparoscopic adrenalectomy is one of the most challenging
aspects of endocrine surgery for the anesthesiologist because the broad spectrum of adrenal diseases have
significant differences in hormonal activity, pathophysiology, and the hemodynamic consequences of the
diseases. This requires the anesthesiologist to be prepared to address serious and sometimes sudden changes in
blood pressure, heart rate, and metabolic responses to surgical stimuli, notably in hormonally active lesions [2].
The adrenal glands are responsible for many stress responses and metabolic homeostasis with the adrenal glands
producing catecholamines, glucocorticoids, mineralocorticoids, and sex hormones. Due to this, lesions of the
adrenal cortex and medulla have different clinical presentations and biochemical profiles. Pheochromocytomas,
tumors of the adrenal medulla with adrenergic activity (secreted catecholamines), can present with very high
levels of catecholamine secretion that can lead to severe hypertension, tachyarrhythmias, or cardiovascular
collapse on incision and internal surgical stimulation [3]. Cushing's syndrome, on the other hand, is a condition
that occurs due to chronic excess cortisol leading to patients being predisposed to diabetes, hypertension, obesity,
and a higher incidence of thrombotic events. Conn's syndrome, also referred to as primary hyperaldosteronism,
is associated with hypokalemia, metabolic alkalosis, and resistant hypertension due to excessive aldosterone.
Additionally, non-functioning adrenal adenomas may also complicate surgery by causing mass effect, vascular
displacement, or ambiguous hormonal activity that may mimic functioning lesions. This diversity of
pathophysiologic mechanisms creates a "deluge of differential diagnosis”", necessitating that anesthetic
management be tailored not only to the approach of surgery but also to the biochemical nature of the tumor [4].
The key to successful anesthetic delivery rests with adequate preoperative assessment and endocrine
optimization. In patients with pheochromocytoma, suitable alpha-adrenergic blockade is necessary prior to
surgery to prevent intraoperative hypertensive emergencies, as well as a reduced risk of cardiac events. While
beta-blockers may be added to control tachycardia, it is only appropriate once adequate alpha-adrenergic
blockade is achieved to avoid unopposed vasoconstriction [5]. In patients with Cushing's syndrome, attention
should also be given to the management of hyperglycemia, correction of electrolyte status, as well as
management of risk of infection and thromboembolism. Patients with Conn's syndrome require potassium
supplementation, correction of metabolic alkalosis, and hypertension management prior to induction. As a result,
preoperative imaging, hormone testing, and anesthetic consultations have become integral in establishing the
functional status of the tumor and anticipating intraoperative challenges [6].

During surgery, the focus of management will be on achieving hemodynamic stability, achieving a smooth
induction, and preventing rapid spikes in catecholamines when the tumor is handled or the pneumoperitoneum
is created. Induction agents with stable cardiovascular effects, such as propofol and etomidate, are recommended,
while volatile agents and opioids will blunt the sympathomimetic response [7]. Intra-arterial blood pressure
monitoring and central venous access should be used to maintain real-time hemodynamic control and fluid
management. The pneumoperitoneum will likely cause worsened hypertension and hypercarbia that stresses the
cardiovascular system; therefore, maintenance of controlled ventilation and conservative control of insufflation
pressures are required. After tumor excision, particularly in the setting of catecholamine secreting tumors, a
sudden drop in circulating catecholamines and intravascular volume may lead to profound hypotension and fluid
resuscitation, compared with negative pressure vasopressor support [8].
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In the postoperative setting, careful monitoring in a high dependency unit or intensive care unit will be necessary
as patients may have residual hypotension or experience hypoglycemia or electrolytes depend upon the tumor
type and perioperative hormone environment. Early ambulation, pain control and careful monitoring for adrenal
insufficiency are important in postoperative care [9].

Due to the heterogeneous nature of adrenal lesions and their varied functional behavior, anaesthetic management
during laparoscopic adrenalectomy must be planned in a highly individualized and multidisciplinary, multi-
competency support clinical care model. It is important to have a working knowledge of endocrine physiology,
pharmacodynamics of tumor medications, and the perioperative stress response, so that complications can be
anticipated and avoided if possible.

For this reason, it will be relevant to analyze anaesthetic management of laparoscopically adrenalectomy in
various pathologies of the adrenal gland, focusing on preoperative differential diagnosis, intraoperative
hemodynamic control, and postoperative recovery to create an all-inclusive model for safe and effective
anaesthetic practice in endocrine surgery.

MATERIALS AND METHODS

After obtaining institutional ethical approval, this retrospective, observational study took place in the Department
of Anaesthesiology at a tertiary care teaching hospital. The study included all patients who underwent
laparoscopic adrenalectomy over a five-year period and reviewed their perioperative records. The primary aim
was to evaluate anaesthetic management in patients with different adrenal pathologies looking at preoperative
diagnosis, intraoperative hemodynamic control, and postoperative outcomes.

STUDY POPULATION AND INCLUSION CRITERIA:

All adult patients aged 18-70 years who underwent laparoscopic adrenalectomy for functioning or non-
functioning adrenal tumors were included. Patients with bilateral adrenal involvement, open adrenalectomy, or
incomplete records were excluded. The study cohort comprised four major diagnostic groups:
pheochromocytoma, Cushing’s syndrome (cortisol-secreting adenoma), Conn’s syndrome (aldosterone-
producing adenoma), and non-functioning adrenal incidentalomas.

PREOPERATIVE EVALUATION AND OPTIMIZATION:

Each patient underwent detailed clinical, biochemical, and radiological assessment to establish the functional
status of the adrenal lesion. Hormonal assays included plasma and urinary catecholamines and metanephrines
for pheochromocytoma, serum cortisol and ACTH suppression tests for Cushing’s syndrome, and plasma
aldosterone concentration—renin activity ratio for Conn’s syndrome. High-resolution CT and MRI were used to
define tumor size, laterality, and relation to adjacent structures.

Preoperative optimization was individualized. For pheochromocytoma, alpha-adrenergic blockade was initiated
10-14 days before surgery using oral phenoxybenzamine or prazosin to achieve target blood pressure (<130/80
mmHg) and absence of orthostatic hypotension. Beta-blockers (propranolol or atenolol) were introduced
subsequently to control reflex tachycardia after adequate alpha-blockade. In Cushing’s syndrome,
antihypertensive therapy, insulin for glycemic control, and prophylactic anticoagulation were optimized. Patients
with Conn’s syndrome received potassium supplementation and spironolactone for mineralocorticoid blockade.
Non-functioning tumors were optimized for general fitness and comorbidities. All patients were premedicated
with anxiolytics, proton pump inhibitors, and steroid coverage where indicated.

ANAESTHETIC TECHNIQUE:

Standard general anaesthesia was employed for all procedures. After preoxygenation, induction was achieved
with intravenous propofol or etomidate depending on hemodynamic status, supplemented with short-acting
opioids for blunting sympathetic response. Neuromuscular blockade was achieved with rocuronium or
vecuronium. Endotracheal intubation was performed under direct visualization, and the depth of anaesthesia was
maintained with a mixture of oxygen, air, and sevoflurane or desflurane. Invasive arterial blood pressure
monitoring was established before induction, along with ECG, capnography, pulse oximetry, temperature, and
urine output monitoring. Central venous access was secured in all pheochromocytoma and Cushing’s cases for
vasopressor or volume management.

Pneumoperitoneum was created using CO: insufflation at a pressure of 10—12 mmHg, and the patient was
positioned in lateral decubitus with table tilt for optimal surgical exposure. Insufflation pressures were carefully
titrated to prevent hypercarbia-induced sympathetic stimulation. Laparoscopic adrenalectomy was performed by
experienced endocrine surgeons using a transperitoneal approach. During tumor manipulation, especially in
pheochromocytoma, the anaesthetist maintained readiness with nitroglycerin, sodium nitroprusside, esmolol, and
labetalol infusions to counteract hypertensive surges. Following adrenal vein ligation, vasopressor support with
norepinephrine or phenylephrine was administered in response to hypotension resulting from abrupt
catecholamine withdrawal.
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INTRAOPERATIVE DATA COLLECTION:

Key intraoperative parameters included baseline hemodynamic readings, induction response, maximum systolic
and diastolic pressures during tumor handling, duration of hypertensive or hypotensive episodes, total fluid
administered, use of blood products, and requirement for vasopressors or vasodilators. End-tidal CO., peak
airway pressure, and temperature were also documented. Any arrhythmias, cardiac ischemic changes, or
anesthetic complications were recorded.

POSTOPERATIVE MANAGEMENT:

Following extubation, all patients were transferred to the intensive care unit (ICU) for 24—48 hours of close
hemodynamic and metabolic monitoring. Continuous ECG, invasive blood pressure, and pulse oximetry were
maintained. Blood glucose, serum electrolytes, cortisol levels, and urine output were serially measured.
Postoperative analgesia was provided using intravenous opioids and non-steroidal anti-inflammatory drugs as
per the institutional multimodal analgesia protocol. In patients with Cushing’s syndrome, steroid tapering was
guided by serum cortisol levels, while those with Conn’s syndrome continued potassium supplementation until
normalization of levels.

DATA ANALYSIS:

The data were analyzed using SPSS version 25.0. Continuous variables were presented as mean + standard
deviation, and categorical variables were expressed as frequencies and percentages. Comparative analysis was
performed between the diagnostic groups for intraoperative hemodynamic fluctuations, duration of surgery,
vasopressor usage, and postoperative recovery. A p-value < 0.05 was considered statistically significant.

All records were anonymized to ensure patient confidentiality. The retrospective design allowed comprehensive
analysis of anesthetic management patterns and outcomes without interfering with standard clinical protocols.

RESULTS

The present study evaluated the anaesthetic management and perioperative outcomes of forty-two patients who
underwent laparoscopic adrenalectomy for various adrenal pathologies. The cohort included sixteen patients with
pheochromocytoma, twelve with cortisol-secreting adenomas (Cushing’s syndrome), eight with aldosterone-
secreting adenomas (Conn’s syndrome), and six with non-functioning adrenal incidentalomas. The mean age of
the study group was 47.2 &+ 9.6 years, with a slight female predominance (57%). Tumor size ranged from 2.1 cm
to 6.4 cm (mean = 3.8 £ 1.2 cm). Preoperative optimization was achieved in nearly all cases, with stable
hemodynamic parameters before induction. Intraoperative findings revealed significant differences in
hemodynamic variability among subgroups, with pheochromocytoma patients exhibiting the greatest
fluctuations. Hypotension following adrenal vein ligation was common, particularly in catecholamine-secreting
tumors. No patient required conversion to open surgery or experienced major perioperative morbidity or
mortality. Postoperative recovery was uneventful in the majority of patients, with early ambulation and an
average hospital stay of 2.8 £ 0.9 days.

Table 1: Demographic and Clinical Characteristics of Patients Undergoing Laparoscopic Adrenalectomy
Table 1 shows that the study population had a balanced gender distribution, a mean age within the fifth decade,
and tumor sizes typical of benign adrenal lesions, without significant demographic differences among diagnostic
groups.

Parameter | Pheochromocytoma | Cushing’s | Conn’s | Non- Total

(n=16) (n=12) (n=28) functioning | (n =

(n=6) 42)
Mean Age | 45.8+10.3 49.1+8.7 465 + | 47.6+9.1 47.2
(years) 7.4 +9.6
Sex (M/F) 7/9 5/7 3/5 3/3 18 /
24

Mean 41+1.0 35+1.1 34 £ [32+08 38 =
Tumor Size 1.2 1.2
(cm)

Table 2: Preoperative Optimization Parameters Across Diagnostic Groups

Table 2 demonstrates effective hormonal and hemodynamic optimization, with adequate alpha-blockade
achieved in all pheochromocytoma patients and correction of electrolyte and metabolic abnormalities in cortisol-
and aldosterone-producing tumors.
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Parameter Pheochromocytoma | Cushing’s | Conn’s | Non-
functioning

Alpha-blockade 100% — — —

achieved

Beta-blocker usage 62% 25% 0% 0%

Normokalemia at | 100% 92% 100% 100%

induction

Glycemic control | 94% 100% 88% 100%

(RBS <140 mg/dL)

Table 3: Intraoperative Hemodynamic Fluctuations

Table 3 illustrates that patients with pheochromocytoma exhibited the greatest systolic pressure surges and
required active pharmacologic control, whereas the remaining groups showed moderate variations easily
managed by fluid and anaesthetic titration.

Parameter Pheochromocytoma | Cushing’s | Conn’s | Non-
functioning

Max  SBP | 206+ 18 158 +15 162 + | 149+11

(mmHg) 12

Min SBP | 76+9 887 90+ 8 92+6

(mmHg)

No. of | 10(62%) 3 (25%) 2 0 (0%)

Hypertensive (25%)

Episodes

No. of | 8(50%) 3 (25%) 2 0 (0%)

Hypotensive (25%)

Episodes

(Post-

ligation)

Table 4: Pharmacologic Interventions Used Intraoperatively

Table 4 confirms that vasoactive agents were used most frequently in pheochromocytoma surgeries,
predominantly sodium nitroprusside and esmolol infusions, while cortisol- and aldosterone-related tumors
required minimal pharmacologic intervention.

Drug Used Pheochromocytoma | Cushing’s | Conn’s | Non-
(n=16) (n=12) (n=38) functioning

(n = 6)

Nitroprusside 10 (62%) 2 (17%) 1 0 (0%)

Infusion (12%)

Esmolol 8 (50%) 2 (17%) 1 0 (0%)

Bolus/Infusion (12%)

Phenylephrine 7 (44%) 3 (25%) 2 1 (17%)

Support (25%)

Crystalloid 1850 + 450 1720 + | 1600 £ | 1580+310

Volume (mL) 390 320

Table 5: Peri-pneumoperitoneum Hemodynamic Changes
Table 5 shows that CO: insufflation caused transient increases in mean arterial pressure and end-tidal COs,
especially in catecholamine-secreting tumors, which normalized within minutes of controlled ventilation.

Parameter Pre-insufflation During Insufflation p-value
Mean MAP (mmHg) 89+7 105+ 10 <0.001*
Mean EtCO: (mmHg) 34+3 41+4 <0.001*
HR (bpm) 82+8 96+ 10 <0.001*
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Table 6: Duration of Anaesthesia and Surgery
Table 6 establishes that total anaesthetic and surgical times were longest in pheochromocytoma cases due to
cautious dissection and hemodynamic stabilization requirements.

Group Mean Anaesthesia Time | Mean Surgery Duration
(min) (min)

Pheochromocytoma | 158 +24 132 +£22

Cushing’s 138+ 18 118+ 16

Conn’s 126 + 14 104 + 12

Non-functioning 120+ 12 98 £ 10

Table 7: Intraoperative Blood Loss and Transfusion Requirements
Table 7 indicates minimal blood loss in all cases, with slightly higher volumes in pheochromocytoma due to
vascularity and manipulation-related surges.

Group Mean Blood Loss | Blood Transfusion Required
(mL) (n)

Pheochromocytoma | 180 + 60 2 (12%)

Cushing’s 130 £ 50 0 (0%)

Conn’s 120 + 40 0 (0%)

Non-functioning 110+ 30 0 (0%)

Table 8: Hemodynamic Events Related to Adrenal Vein Ligation
Table 8 demonstrates that significant post-ligation hypotension occurred predominantly in pheochromocytoma
due to abrupt catecholamine withdrawal, promptly corrected with vasopressors and fluids.

Parameter Pheochromocytoma | Cushing’s | Conn’s | Non-
functioning

Fall in MAP | 32+8 18+£6 16+7 10£5

(%)

Vasopressor 8 (50%) 3 (25%) 1 0 (0%)

Support (12%)

Required

Time to |72 5+2 4+1 3+1

Stabilization

(min)

Table 9: Immediate Postoperative Hemodynamic Parameters
Table 9 shows stable postoperative blood pressure and heart rate in most patients, with transient hypotension
observed in catecholamine-secreting tumors that normalized within two hours.

Parameter Mean MAP | Mean HR | ICU Stay
(mmHg) (bpm) (hours)

Pheochromocytoma | 82+ 7 88+9 28+ 6

Cushing’s 84+6 86+ 7 22+5

Conn’s 86+ 5 82+6 20+4

Non-functioning 88+ 5 80+5 18+4

Table 10: Postoperative Metabolic and Electrolyte Corrections
Table 10 confirms effective postoperative hormonal stabilization, with correction of hypercortisolemia and
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hypokalemia achieved by day 2 in almost all functioning tumors

Parameter Pre-op POD 2 | Normalization Rate
Mean Mean (%)

Serum Cortisol | 32.6+6.4 123+3.1 92%

(ng/dL)

Serum Potassium | 3.1+04 42+03 100%

(mEq/L)

Blood Glucose | 156 +24 106 £ 16 95%

(mg/dL)

Table 11: Postoperative Complications and Recovery Parameters
Table 11 highlights that complications were minimal, with no major cardiovascular or pulmonary events and
uniformly fast recovery in all diagnostic groups

Complication Pheochromocytoma Cushing’s Conn’s Non-
(n=16) (n=12) (n=38) functioning
(n=6)
Transient 531%) 2 (17%) 1 (12%) | 0(0%)
Hypotension
Nausea/Vomiting 3 (19%) 2 (17%) 1(12%) | 0(0%)
Arrhythmia 1 (6%) 0 (0%) 0 (0%) 0 (0%)
Mean  Hospital | 3.1+0.8 2.7+09 25+0.7 |23+0.6
Stay (days)

Table 12: Comparative Summary of Anaesthetic Outcomes Across Diagnostic Groups

Table 12 consolidates the perioperative performance indicators, demonstrating that all groups achieved excellent
outcomes, with pheochromocytoma showing the greatest hemodynamic challenge but successful stabilization in
all cases.

Parameter Pheochromocytoma | Cushing’s | Conn’s | Non-
functioning

Hemodynamic 3.8+0.6 45+04 46 =+ |48+03

Stability Score 0.5

(1-5)

Perioperative 12.5 8.3 6.2 0

Complication

Rate (%)

Conversion to | 0 0 0 0

Open Surgery

(%)

Mortality (%) 0 0 0 0

Table 1 establishes that patient demographics and tumor characteristics were comparable across diagnostic
categories. Table 2 confirms successful preoperative optimization, ensuring hormonal and hemodynamic
stability before induction. Table 3 demonstrates that pheochromocytoma produced the highest intraoperative
pressure fluctuations, while other groups maintained steady hemodynamics. Table 4 highlights the greater need
for vasoactive drug use in catecholamine-secreting tumors. Table 5 shows transient increases in arterial pressure
and end-tidal CO: during pneumoperitoneum that were promptly corrected. Table 6 confirms that anaesthesia
and surgery durations were longest in pheochromocytoma due to staged hemodynamic control. Table 7 indicates
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minimal blood loss and negligible transfusion requirements across all groups. Table 8 identifies post-ligation
hypotension as a frequent but controllable event in pheochromocytoma. Table 9 reflects stable postoperative
parameters, confirming adequate intraoperative control. Table 10 shows rapid normalization of hormonal and
electrolyte disturbances within two days postoperatively. Table 11 highlights low complication rates and early
recovery across all groups. Table 12 consolidates that overall perioperative outcomes were excellent, with zero
mortality and universal hemodynamic stabilization, validating the effectiveness of individualized anaesthetic
management in laparoscopic adrenalectomy.

DISCUSSION

Laparoscopic adrenalectomy has evolved into the preferred surgical technique for most adrenal pathologies due
to its minimally invasive nature, reduced postoperative pain, faster convalescence, and shorter hospital stay.
Despite these advantages, anaesthetic management during this procedure remains complex and requires a
dynamic understanding of adrenal physiology and tumor-specific endocrine profiles. The results of the present
study reinforce the need for individualized perioperative strategies, given the diverse hemodynamic patterns and
biochemical alterations observed across different adrenal disorders.

The adrenal gland plays a critical role in homeostasis through secretion of catecholamines, cortisol, and
aldosterone. Each pathological entity presents its own perioperative risks that directly influence anaesthetic
management. Pheochromocytomas, being catecholamine-secreting tumors, pose the highest risk due to
unpredictable hypertensive crises during induction, pneumoperitoneum, and tumor manipulation. In contrast,
Cushing’s and Conn’s syndromes are associated with chronic metabolic disturbances such as hyperglycemia,
hypokalemia, and volume overload, which affect cardiovascular stability and response to anaesthetic agents.
Non-functioning tumors, although hormonally inactive, can still present challenges related to size, anatomical
distortion, or coexisting comorbidities. Thus, the anaesthetic plan must be disease-specific, physiologically
grounded, and adaptable to intraoperative changes [10].

In this study, the incidence of hypertensive episodes was highest in pheochromocytoma cases, consistent with
catecholamine surges during tumor handling. Alpha-adrenergic blockade followed by beta-blockade proved
highly effective in minimizing pre-induction instability. Despite meticulous preparation, transient hypertensive
spikes were observed in 62% of cases during dissection, highlighting the unpredictable nature of these tumors.
Rapid pharmacologic control with sodium nitroprusside and esmolol infusions effectively blunted the responses.
The subsequent phase of adrenal vein ligation caused significant hypotension in 50% of pheochromocytoma
patients, attributed to abrupt withdrawal of circulating catecholamines and decreased systemic vascular tone.
Prompt volume expansion and vasopressor administration successfully restored stability in all cases [11].
Patients with cortisol- and aldosterone-secreting tumors demonstrated relatively moderate hemodynamic
variations. In cortisol-producing adenomas, chronic hypercortisolemia contributes to hypertension, glucose
intolerance, and immunosuppression, necessitating careful control of blood glucose, electrolytes, and stress-dose
steroid replacement perioperatively. Aldosterone-producing tumors often present with hypokalemia and
metabolic alkalosis, which can sensitize the myocardium to arrhythmias during induction. Correction of
potassium and volume expansion preoperatively minimized these risks, and no significant arrhythmias were
observed intraoperatively. Non-functioning tumors showed the most stable intraoperative courses, confirming
that hemodynamic volatility is primarily linked to hormonal activity rather than surgical approach [12].

The introduction of carbon dioxide pneumoperitoneum during laparoscopy transiently increased mean arterial
pressure, heart rate, and end-tidal CO: across all cases. The magnitude of these changes was most pronounced in
pheochromocytoma due to catecholamine responsiveness. Controlled ventilation and maintenance of insufflation
pressures below 12 mmHg mitigated the effects, preventing significant end-organ stress. These findings
underscore the importance of close communication between surgeon and anaesthetist during pneumoperitoneum
creation and deflation phases [13].

Blood loss during laparoscopic adrenalectomy remained minimal in all diagnostic categories, with slightly higher
losses in pheochromocytoma owing to tumor vascularity and manipulation. None of the patients required
conversion to open surgery or experienced major intraoperative complications. These results validate
laparoscopic adrenalectomy as a safe and efficient approach when combined with vigilant anaesthetic monitoring
[14].

Postoperatively, transient hypotension was the most frequent event, particularly following catecholamine-
secreting tumor resection, due to persistent vasodilation and intravascular volume depletion. Intensive care
monitoring for 24 to 48 hours ensured early detection and correction of any residual instability. Glycemic and
electrolyte disturbances were promptly normalized, reflecting adequate endocrine and fluid management.
Hormonal levels stabilized by postoperative day two in nearly all patients, confirming effective surgical and
anaesthetic coordination [15].

The perioperative management strategy employed in this study relied heavily on continuous invasive monitoring
and pharmacologic preparedness. The use of short-acting titratable agents, goal-directed fluid therapy, and
precise anesthetic depth adjustment contributed to smooth intraoperative transitions. The integration of invasive
arterial pressure and central venous access allowed real-time hemodynamic control, especially in high-risk
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pheochromocytoma cases. The choice of induction agents—etomidate for hemodynamically unstable patients
and propofol for stable cases—ensured cardiovascular stability. Volatile anaesthetics such as sevoflurane and
desflurane provided effective sympathetic attenuation and rapid recovery [16].

An equally important component of management was the anticipation of postoperative adrenal insufficiency,
particularly in Cushing’s syndrome, where chronic cortisol excess suppresses hypothalamic—pituitary feedback
mechanisms. Perioperative steroid supplementation prevented adrenal crisis and facilitated smoother recovery.
Patients with Conn’s syndrome demonstrated full correction of potassium and normalization of blood pressure
postoperatively, confirming the adequacy of preoperative preparation. Early extubation, effective pain control,
and early ambulation contributed to favorable recovery profiles in all cases [17,18].

The compiled results of this study emphasize that anaesthetic management for laparoscopic adrenalectomy
cannot follow a single standardized approach; rather, it must be adapted according to tumor functionality,
hormonal profile, and intraoperative physiology. A multidisciplinary approach involving endocrinologists,
surgeons, and anaesthesiologists is essential for success. Consistent preoperative optimization, vigilant
intraoperative monitoring, and postoperative endocrine control together minimize morbidity and accelerate
recovery.

Although the outcomes in this study were highly satisfactory with zero mortality, certain limitations exist. The
retrospective design restricts control over confounding factors such as variability in anaesthetic agents and
surgical duration. Long-term endocrine follow-up was also beyond this study's scope. Validating the findings
presented here and creating standardized anaesthetic guidelines for functional adrenal tumors warrants
multicentric prospective studies with larger study groups.

In conclusion, the present study supports a patient-specific, physiology-based anaesthetic approach that provides
predictable and safe outcomes in laparoscopic adrenalectomy. As an understanding of the endocrine behavior of
adrenal tumors can help prevent hemodynamic instability in a timely manner, thereby allowing for a better and
faster recovery, these results reinforce that multidisciplinary planning, as well as close attention to adequate
monitoring of the patient, remains the essential supportive wellbeing for successful anaesthetic care in the
surgical treatments of this area that can be considered challenging yet fulfilling.

CONCLUSION

While the outcomes of this study were excellent and mortality was zero, limitations exist. The retrospective
design precludes us from exerting control and accounting for potential confounding/covariates, such as differing
agents used for anesthesia or length of time for procedures. Additionally, the long-term endocrine follow-up
from this group was not feasible for the current analysis. Prospective multicentric studies with larger sample
sizes are needed to confirm our findings and establish standard anesthetic protocols for patients with functional
adrenal tumors.

In conclusion, the current study demonstrates that an anaesthetic approach tailored to the patient using a
physiology-based approach has resulted a safe and predictable outcome in laparoscopic adrenalectomy. This
understanding of the endocrine behavior of adrenal tumors can enable timely prophylaxis against hemodynamic
instability and enable improved recovery. Overall, the findings reinforce that the use of multidisciplinary
approach and careful monitoring - are fundamental components of successful anesthetic care in this difficult but
both rewarding surgical care.

A broader implication of this study is the establishment of a structured perioperative framework applicable across
adrenal pathologies. It emphasizes that the anaesthesiologist’s role extends beyond routine intraoperative care to
encompass preoperative endocrine optimization and postoperative metabolic restoration. The ability to anticipate
pathophysiological responses, rather than merely react to them, defines the hallmark of excellence in endocrine
anaesthesia.

In conclusion, individualized anaesthetic planning grounded in endocrine physiology transforms laparoscopic
adrenalectomy from a high-risk endeavor into a predictable, safe, and outcome-driven procedure. Mastery over
the “deluge of differential diagnosis” through comprehensive preoperative preparation, vigilant intraoperative
control, and structured postoperative surveillance ensures that even the most complex adrenal surgeries can be
conducted with minimal morbidity and optimal recovery. This tailored approach represents the gold standard of
modern anaesthetic practice in endocrine surgery, aligning precision medicine with perioperative safety and
patient-centered outcomes.
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