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Abstract
Background  Indocyanine green imaging (ICG) is an expansion technology that can contribute to the development of demand-
ing techniques such as cortical-sparing adrenalectomy (CSA). The aim of this study was to determine in which cases CSA 
should be performed and when total adrenalectomy should be performed instead based on ICG fluorescence. Here, we present 
our experience through a series of cases and videos.
Methods  Prospective and descriptive study on patients with surgical adrenal lesions who were proposed for CSA using ICG 
with near-infrared fluorescence imaging in our center. A first bolus of 6,25 mg ICG was administered intravenously upon 
exposure of the retroperitoneal plane. Fluorescence was visualized using a Storz® NIR/ICG endoscopic system.
Results  Seven patients were proposed for CSA. After the application of ICG, a change in attitude was carried out in 71.4% 
of the cases (five of seven). In the two patients in whom CSA could be performed, the adrenal remnants were functional, 
and the resection margins of the surgical specimens were free of disease. The reasons why partial adrenalectomy could not 
be completed, and a total adrenalectomy was decided instead were the presence of a tumor located very close to the adrenal 
vein that prevented a correct remnant volume (n = 4) and one case of isofluorescent tumor with the adrenal parenchyma.
Conclusion  ICG fluorescence guidance could help in the decision making to select patients intraoperatively for successful 
cortical preservation.

Keywords  Indocyanine green fluorescence · ICG · Partial adrenalectomy · Cortical sparing adrenalectomy

Introduction

In recent years, adrenal surgery has evolved with the devel-
opment of cortical-sparing adrenalectomy (CSA). This 
technique has been proposed to achieve a double objective: 
control of the endocrinological disease, and reducing the 
rate of adrenal insufficiency [1–3].

Identification of the adrenal gland and visualization of 
the resection margins, as well as evaluation of its vascularity 
during adrenalectomy, can be difficult, especially in patients 
with abundant retroperitoneal fat. Therefore, some authors, 
such as Manny et al. [4], have proposed the use of indocya-
nine green (ICG) in adrenalectomy [4].

ICG is an intravenous dye that fluoresces when excited 
by a wavelength of ~ 800 nm near-infrared light. It is used in 
cardiology, hepatology, and ophthalmology in routine prac-
tice and has been approved for use in humans by the FDA 
since 1959 [5].

Although indocyanine green has been used for the diag-
nosis of multiple pathologies since the 1950s, it has only 
become available for use in surgery with the development 
of adapted laparoscopic and robotic platforms [6]. The 
advancement of these near-infrared fluorescence imaging 
systems for ICG has allowed it to be implemented in vari-
ous surgical procedures, mainly for the visual evaluation of 
tissue perfusion [7–9], which could be decisive in assessing 
the viability of the remnant in partial adrenalectomy.

Endocrine organs exhibit high vascularization, which 
defines them as ideal organs for ICG research. The adrenal 
glands are the third most vascularized organ in the abdomi-
nal cavity after the spleen and renal cortex [10]. ICG visu-
alization of the adrenal glands has been described in pigs 
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[11] and later in humans, observing a higher concentration 
of ICG in adrenal gland than in neighboring tissues [4, 12]. 
In a study by Colvin et al. [13], detection and dissection 
of the adrenal gland with ICG was superior compared to 
standard vision with white light. Later, Kahramangil et al. 
[14] observed different patterns of fluorescence depending 
on the histology of the tumor and its secretion. In this sense, 
different authors have proposed that the use of ICG during 
PA can guide the section line owing to the different pat-
terns of fluorescence of the tumor with respect to the healthy 
parenchyma, and could also help to assess the viability of 
the remnant [4, 14].

Given that the adrenal gland is more vascularized than 
peripheral tissues and that adrenal tumors have different 
fluorescence patterns compared to healthy adrenal gland 
parenchyma, our hypothesis is that ICG fluorescence may 
be useful for detecting the adrenal gland and the tumor, guid-
ing the resection plane in CSA, and evaluating the viability 
of the adrenal remnant; otherwise, adrenalectomy should 
be completed. We present our experience with IGC-guided 
CSA using a case series and videos.

Methods

This was a prospective and descriptive study of patients with 
surgical adrenal lesions who were proposed for laparoscopic 
partial adrenalectomy at our endocrine surgery unit between 
2020 and 2022. During the study period, 69 patients and a 
total of 71 endoscopic adrenalectomies were performed at 
our center. Of these, seven patients were proposed for partial 
adrenalectomies. All patients received ICG. All procedures 
were performed by the same surgeon. The surgeon’s expe-
rience includes 458 endoscopic adrenalectomies, with 374 
being LTA and 84 RP.

Informed consent was obtained from all the patients. 
This study was approved by the ethical review board of our 
institution.

Patients with iodine allergies, previous anaphylactic reac-
tions to ink contact or intravenous injection of ink, hyper-
thyroidism, chronic kidney disease, chronic liver disease, 
and pregnant/lactating patients were excluded from the study 
[15].

In relation to partial adrenalectomy, our study includes 
several key endpoints to evaluate the success and outcomes 
of the procedure, particularly focusing on the use of indo-
cyanine green (ICG) to assess the viability of the adrenal 
remnant.

Demographic variables of the patients, such as sex 
(female/male), BMI (kg/m2), age, endocrinopathy, previ-
ous adrenal surgery, and tumor size (cm), were collected to 
understand their influence on surgical outcomes. Addition-
ally, intraoperative factors like the duration of the surgery 

(min), blood loss (ml), surgical approach (LTA/RPA), num-
ber of doses of ICG, time from ICG administration to adre-
nal parenchyma visualization (minutes), and time from ICG 
administration to tumor visualization (minutes) were evalu-
ated. The degree of ICG uptake (hypofluorescence/isofluo-
rescence/hyperfluorescence) was also recorded to determine 
its efficacy in differentiating viable adrenal tissue.

Recovery metrics, such a length of hospital stay, provide 
insights into the patient's recuperation process. In patient 
in whom were possible to complete partial adrenalectomy 
functional outcomes, including the preservation of adre-
nal gland function and postoperative hormone levels, were 
essential to assess the procedure's impact on the endocrine 
system. Long-term outcomes encompass the recurrence rate 
of adrenal tumors, which help gauge the long-term efficacy 
and impact of the surgery. The success of the surgery itself 
can be measured by the completeness of tumor resection, 
and histology of the tumor. The weight of the excised gland 
was also noted as part of the surgical metrics.

Surgical technique and intraoperative imaging

Patients underwent either retroperitoneoscopy (RP) or a 
laparoscopic anterolateral transabdominal (ALT) approach 
according to previously published indications and surgeon 
choice [16]. Patients with tumors larger than 6 cm or with a 
distance greater than 10–12 cm between the skin and Gero-
ta’s fascia underwent ALT approach. Patients who were thin, 
had small tumors, or had undergone previous abdominal sur-
geries underwent RP. At our institution, we only indicate 
CSA in cases of bilateral pathology, either synchronous or 
metachronous lesions.

Antithrombotic prophylaxis was prescribed the night 
before surgery. Antibiotic prophylaxis was not administered 
because it was a clean surgery. It may have been necessary to 
administer intravenous corticosteroids, especially in Cush-
ing's syndrome or in patients undergoing bilateral adrenal-
ectomy. No drains were placed.

After the patient arrived at the operating room, a 25 mg 
vial of indocyanine green (Akron Inc., Lake Forest, IL, 
USA) was diluted in 10 mL of sterile water. After exposure 
of the retroperitoneum when an LTA approach was used or 
after localization of the upper pole of the kidney in the RP 
approach, but before beginning the dissection of the adrenal 
gland in both approaches, 2.5 mL (6.25 mg) of ICG were 
injected intravenously. The frequency of performing fluores-
cence images were obtained at 1-, 5-, 10-, 20- and 25-min 
and whenever required by the surgeon. The ICG dosage 
was repeated at the surgeon's request with boluses of 2.5 ml 
(6.3 mg) up to a maximum of 7.5 ml, although a higher dos-
age could be administered depending on the patient's weight. 
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The maximum recommended dose for adults with normal 
liver function was 2 mg/kg [7].

Imaging system

A Karlz Storz® xenon white light source was used during 
the surgery. In addition, it presents a filter that allows the 
wavelength of 830 nm to be changed to near-infrared light, 
obtaining an image with a wavelength of 780 nm. During 
surgery, the adrenal gland was alternately exposed to xenon 
and near-infrared light. A digital recorder was used to record 
all cases (AIDA Compact II System, Karl Storz, Tuttlingen, 
Germany).

Operative visualization and resection

To assess the resection plane of the gland, it is important to 
define the fluorescence pattern of the adrenal glands with 
respect to the retroperitoneal fat that surrounds them and 
the fluorescence of the adrenal tumor with respect to healthy 
adrenal tissue. In this way, the fluorescence pattern of the 
adrenal glands and the tumor was evaluated intraoperatively 
based on a consensus between the main surgeon, the assis-
tant, and a third endocrine surgeon.

The degree of adrenal gland fluorescence was evaluated 
as hypofluorescent, isofluorescent, or hyperfluorescent rela-
tive to the surrounding retroperitoneal fat. The same pattern 
was observed for tumor fluorescence but compared to the 
adrenal parenchyma.

Thus, the viability of the adrenal remnant after CSA was 
considered correct if after the washing of ICG dye and the 
administration of a new dose of ICG at the end of surgery, 
the remnant was hyperfluorescent, and postoperatively by 
means of serial ACTH determination on the first postop-
erative day, 30 days, 6 months, and 12 months. Values of 
complete recovery of the hypothalamus–pituitary–adrenal 
axis were considered values of ACTH from 9 to 52 pg/ml 
taken first in the morning together with complete suspension 
of corticosteroid replacement treatment.

A histopathological correlation of the results obtained in 
the surgical specimen was performed.

Postoperative follow‑up

After the surgical intervention, the patients received postop-
erative care corresponding to usual clinical practice, includ-
ing pain control, blood pressure and glycemic control, initia-
tion of oral intake at 6 h, and start sitting 8 h after surgery. A 
control test was performed in the morning after the interven-
tion with acute-phase reactants and haemoglobin.

In cases of successful CSA, ACTH was requested to 
assess adrenal remnant function. Patients were reviewed at 
the medical office one month after surgery. All the patients 

underwent blood tests. In the case of CSA, ACTH levels 
were requested to assess adrenal remnant function. This 
review constitutes the last day of patient follow-up and the 
end-of-study visit, except for patients with CSA who were 
evaluated at 6 months and 1 year to assess adrenal remnant 
function.

Substitution therapy with steroids should be administered 
after CSA in bilateral approach. The time taken for the func-
tionally inhibited gland to recover can sometimes exceed 
6 months. Subsequently, the patients were followed-up by 
an endocrinologist according to their underlying pathology 
and usual clinical practice.

Results

Patients’ demographic and preoperative 
characteristics

A total of seven patients were initially proposed for CSA and 
fulfilled the inclusion criteria for the study.

Most patients were female (57,1%), and the mean age 
of the seven patients was 47 years (range 31–56 years). All 
patients presented with either synchronous or metachronous 
bilateral lesions and hereditary endocrinopathy. Mutations 
carried by the patients were MEN 2A mutations (n = 4), 
ARMC5 mutations (n = 1), MAX mutations (n = 1), and 
NF1 mutations (n = 1). Preoperative diagnosis was cortisol-
secreting adrenocortical nodular hyperplasia in one case 
and pheochromocytoma in six cases (85,7%). Most patient 
(71,4%), previously underwent a contralateral total adre-
nalectomy (n = 5). Tumors in which CSA was attempted, 
were in the left adrenal gland in 5 patient (71,4%) and right 
adrenal gland in two patients (28,6%). The average size 
of the tumor in the imaging tests (either CT or MRI) was 
17,9 ± 8,3 mm. Demographic and clinical characteristics of 
the patients are shown in Table 1.

Surgical approach

Two patients required a bilateral approach and five had 
previously undergone surgery on the contralateral side and 
were proposed for unilateral CSA (n = 5). In case of bilat-
eral approach, it was decided which gland was most suit-
able for CSA based on preoperative imaging and intraopera-
tive ICG-guided imaging. Thus, seven adrenal glands were 
finally considered for CSA and two for total adrenalectomy. 
The operative outcomes are summarized in Table 2. All 
patients underwent laparoscopy through either a retroperi-
toneal (RP) or anterolateral transabdominal (ALT) approach. 
Five patients underwent the ALT approach, and two patients 
underwent the RP approach. Of the two patients in which 
were possible to complete a CSA, one patient underwent a 
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bilateral ALT approach (total right adrenalectomy and par-
tial left adrenalectomy) and the other underwent a left RP 
approach (video). The video shows the tips and tricks of the 
left endoscopic CSA guide with ICG fluorescence image.

Intraoperative findings and ICG fluorescence

The time between ICG administration and localization 
of adrenal fluorescence varied between 1 and 15 min. 
The adrenal gland was only visible in the first minute 
after the administration of ICG in one patient (patient 
7), who had the lowest BMI in the series and who under-
went a right LTA approach. At 5 min, it was visible in 
57,1% (n = 4) and at 15 min in 100%. A slight increase in 
body weight was observed in the patients in whom it took 
longer to visualize the adrenal glands (76,6 kg ± 7,6 kg 
in the patients who did not see the parenchyma in the 
first five minutes versus 60,5 kg ± 14,7 kg; p = 0.14). 
The duration of parenchymal f luorescence lasted for 
approximately 25 min when adrenal vein ligation was not 
completed previously. Patients who underwent unilateral 
approach received between one and two doses of ICG 
during surgery, only one patient who underwent bilateral 
approach received three doses during the surgical resec-
tion. Mean time from skin incision to ICG administration 
was 12,4 ± 10,6 (range 4–34) min.

Fifteen minutes after the start of the dissection of the 
retroperitoneum and therefore after ICG administration, 
tumor was visible only in 14,3% of patients (n = 1). Four 
pheochromocytomas were hypofluorescent with the adre-
nal parenchyma and two were isofluorescent with the 
administration of ICG, which made their identification 
difficult during surgery. The cortisol-producing nodular 
hyperplasia was hypofluorescent.

Except in the early angiographic phase, the adre-
nal vein and arterial pedicles are hypofluorescent or 
isofluorescent with respect to the retroperitoneal fat, 
and ICG did not contribute to their identification in 
any case. The mean time to transection of the paren-
chyma or transection of the adrenal vein was 43,5 ± 25,2 
(range 20–94) minutes, and the mean total time of sur-
gery was 66,7 ± 26,3 (range 33–111) min. For unilateral 
approach mean surgical time was 56,2 ± 19,8 (range 
33–86) min and for bilateral approach mean time was 
93 ± 25,4 (range 75–111) min. Intraoperative bleeding 
was 84,2 ± 67,4 (range 20–200 ml). All procedures were 
completed laparoscopically with no conversion to open 
surgery. There were no complications related to administra-
tion (Table 2).
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Fig. 1   Cause of partial adre-
nalectomy discard. A Patient 3, 
4, 6 and 7 intra-operative IGC 
photo showing a hypofluores-
cent pheochromocytoma near 
to de adrenal vein. Patient 5´s 
IGC photo shows an isofluo-
rescent tumor with the adrenal 
parenchyma. B Intraoperative 
imagen of the adrenal gland 
with white light. CV cave vein, 
AV adrenal vein
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Impact of the ICG fluorescence on decision‑making 
for performing a CSA

All patients (n = 7) were candidates for CSA and had pre-sur-
gical characteristics and favorable data in the imaging tests 
for performing this surgical technique. However, after the 
application of indocyanine green, a change in attitude was 
carried out in 71,4% of the cases (n = 5), and a total adrenal-
ectomy was performed instead. In two cases (28,5%), indo-
cyanine green allowed us to ratify the presurgical decision, 
ensuring a viable and tumor-free remnant (video). In both 
cases, the adrenal remnants were functional, and the resec-
tion margins of the surgical specimens were disease-free.

The reasons why CSA could not be completed, and a total 
adrenalectomy was decided instead, are reflected in Fig. 2 
through images. These causes included the presence of a 
tumor located very close to the adrenal vein that prevented 
correct remnant preservation (n = 4) (much closer than 
expected in preoperative imaging). Additionally, one case 
involved an isofluorescent tumor with the adrenal paren-
chyma, which prevented correct visualization of the tumor 
with safety margins (n = 1) (Fig. 1). Furthermore, all cases 
where CSA could not be performed were pheochromocyto-
mas with sizes ranging from 1 to 2.4 cm.

Bilateral approach

In bilateral approaches (patient 1 and 6), the glands dis-
carded preoperatively for CSA had a maximum preopera-
tive diameter of 4 cm (patient 1) and 5 cm (patient 6), and 
both were right. Both glands were directly proposed for total 
adrenalectomy. ICG imaging confirmed the preoperative 
findings of large tumors close to the adrenal vein.

Postoperative outcomes

There were no complications in the immediate postoperative 
period. The patients stayed at the hospital for an average of 
3 ± 1.2 (range 3–6) days. The main reason for the prolonga-
tion of the postoperative stay was the need for corticoster-
oid treatment in the postoperative period. The mean tumor 
size in the surgical specimen was 2,6 cm (range 1–7,4 cm), 
and the mean weight of the gland was 21,4 ± 6.2 (10–30) 
gr. The resection margins of all surgical specimens were 

disease-free, including those of the patients who underwent 
successful CSA.

Follow‑up after successful CSA

Regarding postoperative follow-up, the patient who under-
went successful partial adrenalectomy for a cortisol-pro-
ducing tumor presented with mild adrenal insufficiency 
with normal plasma cortisol and slightly raised ACTH at 
6 postoperative months. Complete withdrawal of treatment 
was possible at 23 months. After 3 years of follow-up, the 
patient did not receive replacement treatment and had no 
signs of recurrence in the adrenal remnant with a normal 
ACTH stimulation test.

The other patient who underwent a successful partial 
adrenalectomy for pheochromocytoma showed normal 
plasma cortisol and ACTH levels, as well as a normal 
ACTH test result 6 months postoperatively. After a year of 
follow-up, the patient did not undergo replacement treatment 
(Table 3).

Discussion

During the last decade, CSA has become an accepted indi-
cation, especially in patients with hereditary adrenal syn-
dromes, with bilateral or multifocal lesions, or single adrenal 
lesions in patients who previously underwent contralateral 
adrenalectomy, in an attempt to preserve cortical function 
and avoid life-long steroid replacement while minimizing 
disease recurrence [17]. The indications and outcomes of 
partial adrenalectomy have been increasingly discussed in 
recent literature [18]. Studies such as those by Rosetti et al. 
[19] suggest that the assessment of a patient's genotype 
is crucial for adopting a surgery strategy. In this way, this 
author suggest that adrenal-sparing surgery should be the 
standard approach for patients who have already been diag-
nosed with MEN2 or VHL when operating on the first side, 
whereas complete removal of the affected adrenal gland(s) 
is generally recommended for patients with SDHB or MAX 
germline mutations [19]. Conversely, its role in treating 
bilateral adrenal hyperplasias due to ACTH-independent 
Cushing syndrome remains both complex and controver-
sial. Guidelines recommend surgical resection of bilateral 
adrenal disorders and suggest medical therapy to block aber-
rant hormone receptors in cases of bilateral macronodular 
adrenal hyperplasia [20]. The latter (medical) approach, has 
a limited role, and successful long-term control of hyper-
cortisolism has been reported in few patients [21]. The tra-
ditional surgical approach of bilateral total adrenalectomy 
offers rapid and definitive resolution of hypercortisolism. 
However, while this strategy minimizes the risk of disease 
recurrence, it necessitates lifelong corticosteroid therapy 

Table 3   Postoperative ACTH levels (pg/ml) in patients undergoing 
partial adrenalectomy

Acth levels 
(pg/ml)

1 month 6 months 12 months 18 months 24 months

Patient 1 7 35 12 10 8
Patient 2 11 27 10 8 7
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and is associated with potential serious complications of 
hypocortisolism including Addisonian crises, which have 
been shown to increase mortality even in patients who are 
educated in relation to their adrenal insufficiency [22]. For 
this reason, Walz et al. [22] propose a novel approach of 
bilateral less-than-total adrenal resection, involving subto-
tal or partial resection either bilaterally or unilaterally. The 
choice of the most appropriate approach should be based 
on individual case-by-case evaluation in a multidisciplinary 
setting, considering the patient's clinical status and preopera-
tive imaging attributes of the adrenal glands [22]. Simultane-
ously, CSA for single small functioning tumors with normal 
contralateral gland is becoming popular among different 
authors, reporting short-term disease control comparable to 
laparoscopic total adrenalectomy [23, 24]. However, at our 
institution, we only considered CSA of bilateral involvement 
due to the contradictory results presented in the literature in 
relation to different pathologies [25].

In a meta-analysis of CSA, 85% of patients did not require 
steroid replacement therapy, and the overall recurrence rate 
was 8%, being higher in the pheochromocytoma group (10%) 
[26].The authors concluded that steroid replacement therapy 
could be avoided in most patients. These data agree with 
other studies, in which the complete withdrawal of steroid 
treatment was achieved in about 90% of the cases submitted 
to CSA, even in complex hereditary syndromes with bilat-
eral adrenalectomies [3]. However, these authors [26], also 
conclude that recurrence rates are infrequent. It seems an 
optimistic perspective, considering the 8% of recurrences. 
Local recurrence rates have been described in the literature, 
reaching up to 11% of cases in series with long follow-up 
periods. The study by Lowery et al. [22] emphasizes that 
while partial adrenalectomy can be effective, careful patient 
selection and postoperative monitoring are crucial due to the 
risk of recurrent disease.

Although CSA may have advantages over laparoscopic 
total adrenalectomy, especially for bilateral adrenal disease, 
it is a demanding technique [17] in which the identification 
of the adrenal tumor and the vascular pedicles is challeng-
ing. Traditionally, surgeons have relied on the recognition 
of the classic golden yellow color of the adrenal gland to 
distinguish it from the surrounding yellow fat in the retrop-
eritoneum [27]. The historical challenge has been in defining 
tissue planes when the color of the adrenal gland is similar 
to that of the surrounding retroperitoneal fatty tissues, espe-
cially in patients with abundant retroperitoneal fat and in 
CSA between the tumor and healthy adrenal parenchyma 
[27].

In this way, endoscopic ultrasound can be useful for adre-
nal mass identification and to guide the dissection plane 
[23], but it has a low utility in patients with small tumors 
and requires a longer surgical time, as the surgeon must stop 
the dissection to perform the ultrasound each time it is used, 

without the possibility of obtaining an ultrasound image 
simultaneously with the dissection [27]. Furthermore, once 
dissection of the mass has begun, achieving optimal imaging 
may be difficult, as adequate contact of the ultrasound device 
with the parenchyma may not be possible [28].

In this sense, ICG fluorescence imaging could be an alter-
native tool that allows us to carry out CSA with greater secu-
rity and guarantee. Since it was first reported the feasibility 
of IGC imaging in 2015 in pigs by Dip et al. [11], there have 
only been a few publications on it [12, 13, 27, 29]. In 2016, 
Colvin et al. [13] investigated the use of IGC imaging in 43 
robot-assisted total adrenalectomies, noting that it delineates 
the borders of adrenocortical masses more distinctly than 
the conventional visual view. Similar results were observed 
by Arora et al. [29] appreciating a better visualization of 
the adrenal parenchyma with respect to the retroperitoneal 
fat on a series of 55 robot-assisted total adrenalectomies. 
Recently, Aydin et al. [27] used color analysis software to 
objectively determine whether ICG enabled the distinction 
of tissue plans with a wider gradient than the conventional 
view, quantifying its subjective benefits reported in prior 
studies.

In addition, different fluorescence patterns have been 
described for adrenal tumors based on their histology. Tak-
ing these findings into account, IGC imaging may not only 
be useful for laparoscopic total adrenalectomy but also guide 
the section plane during CSA, ensuring negative histopatho-
logical section margins [30]. Colvien et al. [13] reported that 
pheochromocytomas are hypofluorescent, whereas aldoter-
one-producing tumors and Cushing syndrome are hyperfluo-
rescent. The authors concluded that cortical lesions were 
better visualized than medullary or malignant lesions. This is 
also in accordance with Kahramangil et al. [14] who showed 
that most pheochromocytomas and malignant tumors do not 
show fluorescence upon ICG injection. They demonstrated 
different ICG fluorescence patterns based on their histologi-
cal origins. In their study, cortical lesions showed a higher 
enhancement of fluorescence compared with the surround-
ing retroperitoneal soft tissues; on the other hand, medullary 
adrenal lesions were hypofluorescent in 67% of cases. The 
authors explained that the pheochromocytoma itself was 
hypofluorescent, whereas the covering cortical tissues were 
hyperfluorescent [14]. Hence, when the pheochromocytoma 
was small without emerging on the surface of the gland, 
the whole adrenal mass showed heterogeneous fluorescence 
as a result of the hypofluorescent lesion and hyperfluores-
cent cortex. This theory explained the 33% of pheochro-
mocytomas that did not show ICG enhancement, and other 
authors agree with it [31], and with our own series in which, 
in one case (case 5), the pheochromocytoma showed iso-
fluorescence with the surrounding tissues, which made it 
difficult to identify it and aborted the possibility of a safe 
CSA. Moreover, Tuncel et al. [17], who reported a case of 
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pheochromocytoma that resulted in isofluorescence after 
ICG injection, speculated that altered vascular blood flow 
may lead to this pattern in this group of patients [17].

Thus, it is important to be aware that when performing 
CSA in patients with pheochromocytomas, it is possible that 
small lesions cannot be clearly identified with either endo-
scopic ultrasound or IGC imaging. The hyperfluorescence 
of the adrenal cortex could help us to delimit the section 
plane even in patients in whom the adrenal tumor is not 
clearly identified.

Indocyanine green imaging demonstrates tissue perfusion 
[14]; therefore, another utility of ICG imaging during CSA, 
in addition to guiding partial adrenalectomy, is to confirm 
the perfusion of the remnant [4, 17, 31]. When the remnant 
washes the ICG dye at the end of the surgery and recovers 
the fluorescence after a new dose of ICG dye, it most likely 
indicates that both venous and arterial supply has been con-
served, and therefore, its correct perfusion.

This means that it is likely that the patient could avoid 
the need for replacement with corticosteroid therapy. In 
our series, the two patients who underwent CSA presented 
with correct washing of the remnant, which corresponded to 
adequate preservation of venous drainage. In addition, after 
a new dose of ICG dye, hyperfluorescence was recovered, 
ensuring a correct arterial supply. Neither patient received 
corticosteroid replacement therapy 2 years after surgery.

To achieve proper vascularization of the remnant, it is 
essential to preserve at least one of the three arterial pedi-
cles, and especially the main adrenal vein, which ensures 
proper drainage of the adrenal stump. Other authors have 
proposed the division of the adrenal vein and rely on the ret-
roperitoneal vein plexus for the maintenance of adrenal func-
tion [32]. Ikeda et al. describe the successful performance 
of laparoscopic partial adrenalectomy, including sectioning 
of the adrenal central vein, in four patients with aldoster-
one-producing adenomas. Preservation of the function of 
the remnant adrenal gland was confirmed by 131I-adosterol 
imaging in all cases [32]. Conversely, Roukounaskis et al. 
[24] emphasized that preservation of the vein in a partially 
resected gland results in less congestion compared to con-
gestion in a partially resected gland with ligation of the vein 
in which drainage relies only on the retroperitoneal plexus. 
Thus, adrenal cortical function may not necessarily require 
an intact vein, but ligation of the vein requires expensive 
postoperative investigations to confirm that the retroperito-
neal plexus is sufficient for drainage; if not, adrenalectomy 
is anatomically partial, but functionally total [24]. However, 
Ikeda et al. recommend cortical-sparing surgery, especially 
for MEN type 2, even if the adrenal central vein has to be 
sectioned [32]. In our experience, identification of the adre-
nal vein should be the first step to be taken during partial 
adrenalectomy, ensuring proper drainage of the adrenal 
stump, and allowing rapid control of the vein if necessary 

in the event of a hypertensive crisis during pheochromocy-
toma surgery.

According to different authors, indocyanine green helped 
distinguish vascular pedicles, especially the adrenal vein [17, 
27, 31]. In our series, as described by Aydin et al. [27], vas-
cular pedicles were found to be hypofluorescent or isofluo-
rescent; however, we found discrepancies with these authors, 
given that both the vein and arterial pedicles were identified 
earlier with normal vision without the aid of indocyanine 
green ink. This is probably due to the fact that the vascular 
structures present a fluorescence similar to that of retrop-
eritoneal fat and in the hands of an expert surgeon there 
is no change in the identification of the vascular structures 
with IGC imaging, although it remains useful for the final 
assessment of the vascularization of the adrenal remnant. 
Only in an early angiographic phase can the adrenal blood 
vessels be seen. Later, blood vessels are hypofluorescent or 
isofluorescent and ICG does not help in their localization.

Fluorescence imaging cannot replace meticulous dissec-
tion in the correct anatomical plane. Therefore, we see the 
principal advantage of this new technique in evaluating the 
viability of the adrenal stump and in identifying the border 
between adrenal tumors and adrenal parenchyma to guide 
partial adrenalectomy that preserves the functionality of the 
remnant [31].

We have highlighted some limitations of our study. 
First, the optimal timing for ICG injection to achieve the 
best fluorescence intensity is not well-established, and our 
study might have used suboptimal timepoints. Second, the 
sample size of our study may be not enough to generalize 
the findings broadly, requiring a larger cohort to validate 
the impact of ICG on the decision between total and partial 
adrenalectomy. Third, there may be variability in the techni-
cal execution of ICG fluorescence imaging, including differ-
ences in equipment sensitivity and operator expertise, which 
could affect the consistency of the results. Furthermore, our 
study lacks a direct comparative analysis with other imaging 
modalities or techniques that might offer alternative ways 
to assess remnant perfusion and viability. Finally, the long-
term outcomes of patients undergoing total versus partial 
adrenalectomy based on ICG fluorescence were not within 
the scope of this study, limiting the ability to fully under-
stand the clinical implications.

In conclusion, ICG fluorescence guidance can help to 
guide CSA and determine the correct vascularization of the 
adrenal remnant. It also can help us to determine whether 
to abort partial adrenalectomy and instead perform total 
adrenalectomy. The latter is a decision that must be made 
with caution, establishing a reasonable balance between 
the attempt at functional preservation and to ensure ade-
quate resection margins or avoid leaving a nonfunctioning 
remnant that can be especially conflictive in patients with 
hereditary syndromes (pheochromocytoma) with a tendency 
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to recurrence and in which a reoperation can be extremely 
complex. Careful evaluation of the remnant with a new dose 
of ICG after resection can be of great help in this regard.

Our series shows that the CSA guide with ICG fluores-
cence imaging is safe, feasible, reproducible, and helps 
select patients intraoperatively. Further larger studies are 
needed to validate ICG fluorescence guidance in CSA.
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