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Abstract
Background Indocyanine green (ICG) fluorescence imaging represents an emerging technology that facilitates the assess-
ment of tissue vascularity, tissue distinction, and tumor localization during surgery. The aim of this study was to investigate 
the potential role of ICG imaging during laparoscopic partial adrenalectomy.
Methods Indocyanine fluorescence imaging was carried out during laparoscopic partial adrenalectomy for bilateral pheo-
chromocytoma and bilateral Cushing’s syndrome. A first bolus of 5 mg ICG was applied intravenously upon exposure of the 
retroperitoneal plane to identify the adrenal borders. The fluorescence was visualized using a  Storz® NIR/ICG endoscopic 
system. As the camera of this system detects NIR light as a blue signal, the well-vascularized adrenal tissue was expected to 
show a strong fluorescence in the blue color channel in contrast to the surrounding adipose tissue. Following partial adrenal-
ectomy, a second bolus of 5 mg ICG was applied intravenously to evaluate the vascularity of the remaining adrenal tissue.
Results We investigated six adrenal glands from three patients undergoing bilateral partial adrenalectomy. The indication for 
surgery was pheochromocytoma in two patients and Cushing’s syndrome with bilateral adenomas in one patient. Regarding 
left adrenalectomies, ICG imaging was helpful in visualizing the adrenal borders and the adrenal vein. Further, it facilitated 
the identification of the hypofluorescent pheochromocytoma and to resect the entire tumor. On the right side, due to the more 
apparent anatomy, ICG imaging did not contribute to the conduct of the operation. Four adrenal remnants showed a strong 
vascularization and two remnants were only reasonably vascularized.
Conclusion ICG fluorescence may be helpful in guiding partial adrenalectomy and assessing the vascularity of remaining 
adrenal tissue.
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Indocyanine green (ICG) is an FDA-approved non-toxic 
water-soluble fluorophore that exhibits fluorescence in the 
near-infrared (NIR) spectrum [1]. It has been clinically 
used for more than 50 years in ophthalmology, cardiology, 
hepatology, and many other fields of medicine [2–5]. When 
applied intravenously ICG quickly binds to plasma proteins 

and circulates in the intravascular space until it is taken up 
by hepatocytes and excreted through the hepatobiliary sys-
tem. The intensity of the fluorescence is proportional to the 
blood flow. As endocrine organs possess an above-average 
vascularity one would expect them to exhibit a stronger fluo-
rescence than the surrounding tissue.

This effect has already been demonstrated for parathyroid 
glands. Zaidi et al. investigated ICG fluorescence imaging 
during parathyroid and thyroid surgery and reported that 
over 90% of parathyroid glands were reliably identified by 
their ICG uptake [6, 7]. Vidal Fortuny et al. used ICG angi-
ography to assess parathyroid vascularisation [8, 11]. The 
high sensitivity of this technique in detecting parathyroid 
glands and screening their vascularization has meanwhile 
been confirmed by numerous studies [9, 10, 12].

In an animal model, Dip et al. first demonstrated the fea-
sibility of ICG imaging during laparoscopic adrenalectomy 

and Other Interventional Techniques 

 * Klaus K. J. Hallfeldt 
 Klaus.Hallfeldt@med.uni-muenchen.de

1 Department of Surgery, Ludwig Maximilians University 
Munich, Innenstadt Medical Campus, Nussbaumstrasse 20, 
80336 Munich, Germany

2 Department of Obstetrics and Gynecology, Ludwig 
Maximilians University Munich, Maistr. 11, 80337 Munich, 
Germany

3 Laser-Research Laboratory, LIFE-Center, Ludwig 
Maximilians University Munich, Grosshadern Medical 
Campus, Feodor-Lynen-Str. 19, 81377 Munich, Germany

http://orcid.org/0000-0001-8932-4201
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-019-06985-7&domain=pdf


2051Surgical Endoscopy (2020) 34:2050–2055 

1 3

[13]. To date, two larger studies pursuing this approach 
were published. Kahramangil et al. presented a series of 
100 robotic adrenalectomies [14] and Arora et al. reported 
on 55 laparoscopic adrenalectomies [15]. Both groups see 
advantages in the differentiation of tissues and identification 
of vascular structures. Manny et al. were the first to report 
on three robotic partial adrenalectomies [16].

Partial adrenalectomy is typically performed for the treat-
ment of hereditary and sporadic bilateral pheochromocyto-
mas. However, the preservation of residual cortical func-
tion with a reduced risk of adrenal failure must be balanced 
against the increased risk of local recurrence. In a series with 
36 partial adrenalectomies for pheochromocytoma and a 
median follow-up of 9.25 years, Benhammou et al. reported 
a recurrence rate of 11% [17]. Alesina et al. observed one 
persistent disease and no recurrence following 89 cortical 
sparing operations with a median follow-up of 48 months 
[18]. These and numerous other data strongly support the 
acceptance of partial adrenalectomy as a first-line treatment 
for uni- or bilateral pheochromocytomas [19–22].

Regarding the surgical approach, resection of the entire 
tumor is of great importance in order to prevent recurrence. 
Interestingly, only little consideration is given to this detail 
in many investigations on partial adrenalectomy. In the pre-
sent study, we used indocyanine green imaging in order to 
identify the ideal resection line between the hypofluorescent 
pheochromocytoma and hyperfluorescent cortical tissue.

Patients and methods

This prospective in vivo study was approved by the institu-
tional ethical review board of the Medical faculty of the Uni-
versity of Munich. Patients undergoing unilateral or bilateral 
partial laparoscopic adrenalectomy were eligible for enroll-
ment. Informed consent was obtained from all patients.

Imaging system

Parathyroid ICG fluorescence was visualized using a com-
mercially available near-infrared/indocyanine green (NIR/
ICG) endoscopic system (Karl  Storz®, Tuttlingen, Ger-
many). The system comprises a high-end full high-definition 
camera system (Image1 H3-Z 3-Chip Full HD camera, Karl 
 Storz®) connected to a 10-mm 30° ICG telescope (Hop-
kins™ II, Karl  Storz®). The telescope is equipped with a 
specific filter for optimal detection of white light and NIR 
fluorescence. The system’s xenon light source (D-Light P, 
Karl  Storz®) provides both visible and NIR excitation light. 
The surgeon can use a footswitch to change from white light 
to NIR.

Surgical technique and intraoperative imaging

All operations were carried out using a transabdominal 
lateral approach.

On the left side, a first injection of 5  mg indocya-
nine green (ICG-Pulsion®, Diagnostic Green GmbH, 
Aschheim-Dornach, Germany) was applied after mobili-
zation of the colonic flexure, pancreatic tail, and spleen 
with all adrenal vessels still intact. With the imaging sys-
tem in fluorescence mode, NIR light was detected in the 
blue color channel of the camera, and therefore adrenal 
fluorescence displayed in blue color. ICG imaging was 
expected to show a good contrast between the fluorescent 
adrenal gland and the non-fluorescent surrounding adi-
pose tissue, helping to identify the margins of the gland. 
After careful mobilization of the tumor and dissection 
towards the border between tumor and normal adrenal tis-
sue, a second injection of 5 mg ICG was applied. This was 
expected to be helpful in defining the resection margin 
between the hypofluorescent pheochromocytoma and the 
hyperfluorescent normal adrenal tissue (Fig. 1). In case 
of the Cushing’s adenoma, we did not expect an obvious 
difference between tumor and normal tissue but hoped the 
fluorescence would improve the visualization of the gland. 
The tumor was finally resected by keeping a safety mar-
gin of approximately 0.5 cm. On the right side with the 
adrenal gland easy to identify, we refrained from fluores-
cence imaging at an early stage of the operation. The first 
injection of 5 mg ICG was given after mobilization of the 
tumor and visualization of the border between tumor and 
normal adrenal tissue. Following partial adrenalectomy, 
always dividing the major adrenal vein, ICG imaging was 
repeated to evaluate the vascularity of the adrenal rem-
nant, again applying 5 mg of the fluorophore. Extent and 
progression of the fluorescence were video-documented 
over 3–5 min.

Results

We investigated six adrenal glands from three patients 
undergoing bilateral partial adrenalectomy. The indica-
tion for surgery was pheochromocytoma in two patients 
and Cushing’s syndrome with bilateral adenomas in one 
patient. Table 1 summarizes the clinical data.

Regarding left adrenalectomies, ICG imaging was 
helpful in visualizing the adrenal borders and the adrenal 
vein. Further, it was felt to facilitate the identification of 
the adenoma and to define the border between pheochro-
mocytoma and normal adrenal tissue. As expected, the 
pheochromocytomas showed a distinct hypofluorescence 
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compared to normal adrenal tissue. In the patient with 
bilateral Cushing’s adenoma, ICG imaging did not help 
to guide the resection as similar fluorescence was seen all 
over the gland. On the right side, due to the more apparent 
anatomy, ICG imaging did not contribute to the conduct 
of the operation but again helped to identify the border 
between pheochromocytoma and normal adrenal tissue.

Following the third injection of ICG to monitor the vas-
cularization, all four remnants of the pheochromocytoma 
patients showed a significant fluorescence expressing a 
sufficient blood supply (Fig. 2). The two remnants of the 
patient with Cushing’s syndrome revealed an only moderate 
vascularization.

The time between ICG administration and visualization of 
adrenal fluorescence varied between 30 and 60 s. The dura-
tion of parenchymal fluorescence lasted for approximately 
10 min. Adverse events were not observed.

Regarding the postoperative course, one of the patients 
with bilateral pheochromocytoma revealed a mild adrenal 

insufficiency with normal plasma cortisol and slightly raised 
ACTH levels 18 months postoperatively. The second patient 
with pheochromocytoma showed normal plasma cortisol and 
ACTH levels as well as a normal ACTH test 2 months post-
operatively. Twelve months postoperatively, the patient with 
bilateral Cushing’s adenoma still presented with persistent 
adrenal insufficiency and a pathologic ACTH stimulation 
test.

Discussion

This study demonstrates the usefulness of ICG fluorescent 
imaging in directing partial adrenal resection. It facilitates 
tumor exposition, defining the margin between tumor and 
remaining normal adrenocortical tissue as well as the iden-
tification of vascular structures. Further, it was possible to 
assess the vascularity of remaining adrenal tissue at the end 
of the operation (Fig. 2).

Fig. 1  A Intraoperative image of a pheochromocytoma (red arrow) 
on the left side under white light. The tumor is partially covered by 
cortical tissue, showing an orange color (blue arrow). (RV-renal vein, 
AV-adrenal vein). B Near-infrared (NIR) fluorescence after i.v. appli-
cation of 5 mg ICG. NIR light was detected as a blue signal by the 

camera, and adrenal fluorescence was expected to be displayed in the 
blue color channel. The pheochromocytoma itself is hypofluorescent 
(red arrow), the fluorescence in front is caused by remaining cortical 
tissue covering the tumor (blue arrow) (Color figure online)

Table 1  Clinical data

Diagnosis Tumor size ICG imaging Postoperative course

Patient 1
Female
Age: 63 years

Von Hippel–Lindau disease Left: 4.4 cm
Right: 3.6 cm

Well-vascularized remnant Partial adrenal insufficiency
2 months post-op

Patient 2
Male
Age: 22 years

Hereditary pheochromocytoma Left: 3.5 cm
Right: 3.5 cm

Well-vascularized remnant Normal adrenal function
2 months post-op

Patient 3
Female
Age: 38 years

Bilateral Cushing’s adenoma Left: 2 × 2 cm
Right: 2 × 1.2 cm

Only moderately vascularized remnant Complete adrenal insufficiency
7 months post-op



2053Surgical Endoscopy (2020) 34:2050–2055 

1 3

In a recent article, Kahramangil et al. [14] described the 
fluorescence patterns exhibited by different adrenal tumors. 
While most adrenocortical tumors are hyperfluorescent com-
pared to the surrounding adipose tissue, pheochromocyto-
mas present with a different picture. For unknown reasons, 
the tumor itself remains non-fluorescent. However, the clini-
cal impression depends on the proportion of hyperfluores-
cent cortex and hypofluorescent tumor at the surface of the 
mass. While large pheochromocytomas are likely to appear 
totally non-fluorescent, smaller tumors, partly covered by 
cortical tissue, tend to show a mixed pattern. In our series, 
all four pheochromocytomas had a diameter of 3.5 cm or 
more and presented with a mixed pattern (Fig. 1). However, 
during ICG imaging, the border between tumor and healthy 
hyperfluorescent cortical tissue became easily apparent and 
definitely facilitated the resection. The two Cushing’s adeno-
mas in this series were hyperfluorescent as expected and 
there was no advantage using ICG imaging to guide partial 
resection.

Kahramangil et al. have so far reported the largest number 
of adrenalectomies applying ICG intraoperatively [14]. All 
100 operations were carried out using the da  Vinci® robotic 

system with the built-in  FireFly® technology (Table 2). 
Manny et al. were the first to describe robotic partial adre-
nalectomies in three patients applying ICG [16]. Similar to 
the experience of Kahramangil et al. and our own impres-
sion they found the technique useful to define the margin 
between tumor and normal cortex. In 2015, Delong et al. 
reported on four patients who underwent laparoscopic total 
adrenalectomy, stating that ICG fluorescence provides valu-
able anatomic information without significantly lengthening 
the operation time [23]. Recently, in a retrospective review 
of 55 cases Arora et al. described their positive experience 
with ICG fluorescence in laparoscopic total adrenalectomy, 
especially a better identification of vascular structures, pro-
viding improved guidance during surgery [15].

Delong et al. and Arora et al. used the Pinpoint Endo-
scopic Fluorescence Imaging system  (Novadaq®, Missis-
sauga, On, Canada) to visualize ICG fluorescence intraop-
eratively. Another commercially available and frequently 
used device for ICG imaging is the  Striker® endoscopic 
near-infrared visualization (ENV) system  (Stryker® Endos-
copy, San Jose, CA, USA). The main difference of these 
devices compared to our  Storz® ICG imaging system is the 

Fig. 2  A Intraoperative image after partial adrenalectomy under white light. The cortical remnant (R) is localized at the upper pole of the kidney 
(K). (RV-renal vein). B After application of ICG, the remaining adrenal tissue shows a good fluorescence

Table 2  Studies involving laparoscopic and robotic total and partial adrenalectomy

Author Approach Device Type of operation No. of 
opera-
tions

Manny et al. [16] Robotic lateral Da Vinci  FireFly® Partial adrenalectomies 3
Delong et al. [23] Laparoscopic lateral approach Pinpoint system  (Novadaq®) Complete adrenalectomies 4
Sound et al. [24] Robotic (lateral/posterior) Da Vinci  FireFly® Complete adrenalectomies 10
Colvin et al. [25] Robotic (lateral/posterior) Da Vinci  FireFly® Complete adrenalectomies 43
Arora et al. [15] Laparoscopic lateral approach Pinpoint system  (Novadaq®) Complete adrenalectomies 55
Kahramangil et al. [14] Robotic (lateral/posterior) Da Vinci  FireFly® Complete/partial adrenalectomies 100
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application of a NIR laser in addition to the xenon light 
source. The combination allows simultaneous, real-time 
fluorescence imaging superimposed on the white light imag-
ing. This is achieved by rapid alternation between the xenon 
white light and the NIR laser. This overlay technique is also 
present in the da  Vinci® FireFly™ system. In contrast, the 
Storz system provides both visible and NIR excitation light 
through the xenon light source. The surgeon can use a foot-
switch to change from white light to NIR. As there is no 
overlay technique, the dissection has to be done in the white 
light mode.

Basically, one may question the rationale for ICG fluores-
cence imaging during laparoscopic total adrenalectomy. The 
exposure of the right adrenal gland is simple and the surgical 
margins can be identified easily. Similarly, an experienced 
surgeon will have no difficulties to localize the left adre-
nal gland and the adrenal vein. Fluorescence imaging does 
not replace meticulous dissection in the correct anatomical 
planes. Therefore, we see the principal advantage of this new 
technique in identifying the border between pheochromo-
cytomas and normal adrenal cortex in order to guide partial 
adrenalectomy. However, we acknowledge the limitations 
of the Storz system and accept the statements of others that 
fluorescence imaging superimposed on white light imaging 
facilitates the identification of vascular structures and guides 
dissection.
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