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Condensation 
The use of contrast-based enhanced imaging during laparoscopy is promising and can provide a better visualization of 
peritoneal endometriosis. 
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Intraoperative Enhanced Imaging for Detection of Endometriosis: A 

Systematic Review of the Literature  

Mahdi Al-Taher, MD1, Shugi Hsien, MD1, Rutger M. Schols, MD, PhD1,3, Nehalennia Van Hanegem, MD, PhD2, Nicole D. Bouvy, 
MD, PhD1, Gerard A.J. Dunselman, MD, PhD2,Laurents P.S. Stassen, MD, PhD1  
 

Standard Abstract: 

The diagnosis of peritoneal endometriosis during laparoscopy may be difficult due to the polymorphic aspects of the 
lesions.  Enhanced imaging using contrast agents has potential to provide a better identification of peritoneal 
endometriosis. The aim of this systematic review is to provide an overview of the literature on what is known about the 
intraoperative laparoscopic visual enhancement of peritoneal endometriosis using contrast agents. 
A systematic review was done of studies about enhanced imaging during laparoscopy for endometriosis using contrast 
agents. Clinical studies which contained a description of imaging with a contrast agent and also reported visual findings of 
endometriosis during laparoscopy, were included.    
Nine suitable studies were identified. Intraoperative visualization of endometriosis was analyzed with or without histologic 
confirmation. Four studies evaluated 5-aminolevulinic acid-induced fluorescence (5-ALA), 1 study evaluated indigo carmine, 
2 studies evaluated methylene blue (MB), 1 study evaluated indocyanine green (ICG) and 1 study evaluated so-called bloody 
peritoneal fluid painting. All studies, with a combined total of 171 included patients, showed potential of enhanced visibility 
of endometriosis using contrast agents. A combined total of 7 complications, all related to the use of 5-ALA, were reported.   
We conclude that the use of contrast-based enhanced imaging during laparoscopy is promising and that it can provide a 
better visualization of peritoneal endometriosis. However, based on the limited data no technique of preference can yet be 
identified.  
 
Keywords Endometriosis • Minimal Invasive Surgery * Laparoscopy • Contrast media • Coloring agents • 
systematic review  
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INTRODUCTION 
 
Endometriosis, defined as the presence of endometrial tissue outside the uterine cavity, is a common disease affecting 10-
15% of women of reproductive age and up to 90% of women with pelvic pain (1-5). Women with endometriosis have a 
reduced quality of life and are at higher risk of several chronic diseases, which causes a significant burden not only to the 
women involved but also to society (6-9). Furthermore, the elevated presence of anxiety and depressive symptoms 
suggests the need for psychological support (10). The gold standard for diagnosis of endometriosis is a combination of a 
diagnostic laparoscopy and histologic confirmation (11, 12). Laparoscopic ablation/excision is found to be effective in 
endometriosis-related infertility (13) and in pain reduction (14). It is also known that postoperative recurrence of 
endometriosis is likely due to incomplete resection during the initial surgery (15, 16). Therefore, an effective resection is 
very important. It is reported, however, that the appearance of peritoneal endometriosis can vary considerably, ranging 
from colorless blebs (non-pigmented subtle endometriosis), to hypervascularized areas and the classically described black 
and powder-burned lesions (pigmented endometriosis) (17, 18). During histology, the subtle lesions may appear to be 
normal peritoneum, illustrating the potential difficulty in identifying them correctly (2, 17, 19). The revised American 
Society of Reproductive Medicine classification categorizes the lesions as red (red, red-pink, and clear lesions), white (white, 
yellow-brown, and peritoneal defects), and black (black and blue lesions)(20). The morphology of red and white implant 
types can have a wide variation, and may be difficult to distinguish from healthy peritoneum (21).   
A systematic review on the accuracy of laparoscopy (22) to diagnose endometriosis showed that, when looking at the value 
of the visual diagnosis of endometriosis at laparoscopy, only a limited amount of reports of good quality exist (N=4). The 
accuracy of a diagnostic laparoscopy for endometriosis was evaluated in 433 patients. A negative diagnostic laparoscopy 
(i.e. a laparoscopy during which no endometriosis is identified) was shown to be highly accurate for excluding 
endometriosis and therefore useful to the clinician in terms of decision-making. However, a positive laparoscopy (i.e. a 
laparoscopy during which endometriosis is identified) is less informative and of limited value when used in isolation. 
  
The need for better visualization led to a rise in the amount of studies in which different types of contrast agents were 
used. Intraoperative staining has been used in medicine as a safe and effective method to assess anatomy, physiology and 
pathology (23).   
Endometriosis may be easier to distinguish from normal tissue through the use of so-called enhanced imaging using 
contrast agents during surgery. 

 
5-ALA has been used in a broad spectrum of treatments in urology, dermatology, gastroenterology, neurosurgery and 
gynecology (24, 25). 5-ALA is a precursor of Protoporphyrin IX that has a strong photosensitizing activity. It is pre-
operatively administered as an oral solution, dissolved in mineral water or juice.  The dose is calculated as a fixed amount of 
dye per kilogram bodyweight varying between 1 – 30 milligrams per kg (26-29). Due to reported photo toxicity, 
intraoperative care such as filtering the operating theatre lights and covering the skin and postoperative care such as 
maintenance of the patient in subdued light for 48 hours after ingestion, should be taken. 
 
Methylene blue (MB) has been widely applied in gynecology for e.g. assessing the tubal patency, for visualization of 
sentinel nodes in breast cancer surgery but also for ureteral visualization in urology (30-32). For the latter indication the dye 
is used in combination with near-infrared fluorescence imaging. It is reported that this water-based dye has a higher affinity 
to attach to the endometrial tissue than peritoneal tissue due to the high fat concentrations of the latter (33).  
 
Indigo Carmine has, amongst others, been used in urology for localizing ureteral orifices during cystoscopy and ureteral 
catheterization. In obstetric surgery, indigo carmine solutions are sometimes employed to detect amniotic leaks (34, 35). 
 
Indocyanine Green (ICG) has been used in medicine since the late 1950s to measure cardiac output, liver function and to 
study anatomy of the retinal vessels. ICG was approved by the FDA as a contrast agent in 1959 and has been widely applied 
ever since. (36) Near-infrared fluorescence imaging with ICG has been used in gynecology for e.g. sentinel lymph node 
mapping in patients with endometrial cancer. (37) 
 
Bloody peritoneal fluid during surgery may be a result of retrograde menstruation, intraperitoneal bleeding or laparoscopic 
trocar insertion. This bloody fluid has been used as “a contrast dye” to paint the peritoneal surfaces in an attempt to 
visualize peritoneal endometriosis. The erythrocytes stream around the subtle deformities of the peritoneum, thus 
outlining the abnormal areas that may represent endometriosis. 
  
The aim of this review is to provide an overview of the literature on the intraoperative laparoscopic visual enhancement of 
peritoneal endometriosis using contrast agents.  
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METHODS 
 
Literature Search Strategy 
 
A systematic literature search was conducted until 01.12.2016 by 2 authors (MA, SH) independently. There were no 
restrictions on study design, population characteristics or language. All titles and abstracts emanating from the search were 
screened and assessed for eligibility. Furthermore, the references of the selected literature were reviewed for additional 
articles. Any differences in the search were discussed between the 2 authors, and consensus was reached following 
discussion. If no consensus was reached, a third author (LS) decided.  
 
Data extraction 
The extraction of data (including general study information, study characteristics, design, interventions, outcomes and 
results) from the selected studies was  performed by 2 authors independently (MA, SH). 
 
Information sources 
 
The database search included the PubMed database, the Embase database and the Cochrane Library. Other tools that were 
used to find relevant sources include trial registries (http://www.controlled-trials.com/, https://www.clinicaltrials.gov/, 
https://www.clinicaltrialsregister.eu/, https://www.toetsingonline.nl/, http://www.trialregister.nl) and Google Scholar.   
 
Inclusion Criteria 
 
To be included, studies had to meet the following criteria: (1) description of laparoscopic endometriosis imaging with a 
contrast agent; (2) report of visual findings of endometriosis during laparoscopy. 
 
Exclusion Criteria 
 
The following studies were excluded: (1) studies that did not meet the inclusion criteria; (2) studies conducting research 
other than on human subjects; (3) Letters and comments on articles. 
 
 
 
RESULTS 
 
A total of 144 records was identified through database searching. The search strategy is described in appendix 1. After the 
removal of duplicates, a total of 130 records was screened of which 112 records were excluded by abstract review.  The 
remaining full text articles were assessed for eligibility of which 12 articles were excluded. 3 additional records were. found 
after scanning the reference list of the included records. Finally, for this review, a total of 9 studies, concerning a combined 
total  of 171 patients, was included. Figure 1 shows the flow chart of study selection with reasons for exclusion.  
 
 
Contrast agents 
 
The general characteristics of the included studies are summarized in table I. Five agents are described for enhanced 
visualization of endometriosis: 4 articles discuss 5-ALA, 2 MB, 1 case report discusses indigo carmine, 1 case looks at bloody 
peritoneal fluid and 1 case discusses ICG respectively.  
 
The methods and materials used to administer the different dyes are outlined in table II. Dosing was not uniform and was 
not always specified. 
The terminology for describing the endometriosis lesions was not uniformly according to the revised American Society of 
Reproductive Medicine classification. The description in the different studies is given in table III.  
In table IV the main results and conclusions per study are outlined. 
 
In the next section, details about (results of) the use of the 5 dyes  are provided, grouped per dye. 
 
5-ALA 
Malik et al. (29) studied a total of 16 patients, 6 of whom received topical 5-ALA and 10 of whom received oral 5-ALA.  
They found that, while both the topical and oral application detected all red and white endometriosis lesions, they did not 
detect any of the brown/black lesions. 
Topical application of 5-ALA proved to be associated with a high rate of photo toxicity such as facial erythema. And one of 
the patients presenting with this suffered from edema and blistering. The symptoms appeared after short exposure to light 
8 to 24 hours after 5-ALA was applied. According to the authors, these side effects were serious and intolerable. No 
complications were encountered in the patients who received 5-ALA orally.  
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In a further study by the same group (28), 37 patients were orally given 30mg/kg of 5-ALA.  The detection of endometriosis 
was 100% on sensitivity and 75% on specificity.  In this study, 2 cases of facial erythema occurred during the first 24 hours 
after 5-ALA was applied, as a result of patients' noncompliance with sunlight exposure restrictions. 
The authors of the study concluded that using 5-ALA  can improve the diagnosis of endometriosis in non-pigmented and 
occult endometrial lesions. 
 
In another study, Buchweitz et al. (26) studied the results of using 20mg/kg of orally administered 5-ALA in diagnosing non-
pigmented (red and white) endometriosis lesions. They looked at cases in which 5-ALA was given between 5 and 7 hours 
before surgery, and at cases in which it was administered 10 to 14 hours before surgery. 24 consecutive patients with 
suspected endometriosis undergoing laparoscopy were included in either of the two groups. In this study, the sensitivity  
and specificity of the detection of endometriosis lesions was not different between the two timings of administration (with 
sensitivity at 91% vs 92%, and specificity at 79% vs 78%). Overall, the use of 5-ALA in the diagnosis of endometriosis lesions 
yielded an improvement of 35% as compared to using white light illumination. In addition, the sensitivity, using a dosage of 
20 mg/kg was found to be similar to the sensitivity achieved with a 30 mg/kg dose, as has been established in previous 
studies. Despite the precautions Buchweitz et al put in place, 2 cases of nausea occurred after the application of 5-ALA.  The 
diagnosis was histologically confirmed. 
 
Hillemans et al. (27) conducted a study in which fifteen patients were included. Patients received either 1mg/kg or 10mg/kg 
of 5-ALA, between 1.5 and 6 hours before surgery. In both cases the 5-ALA was given orally. The administration of 5-ALA in 
a concentration of 1mg/kg proved to be too low for diagnosing endometriosis lesions through fluorescence imaging. In the 
patients that received 5-ALA in a concentration of 10mg/kg, 100% of the non-pigmented red lesions showed fluorescence 
and 60% of the non-pigmented white lesions showed fluorescence.  However, none of the pigmented black lesions showed 
fluorescence. The diagnosis was confirmed histologically. The authors concluded that using 5-ALA orally, in a dose of 
10mg/kg, 3 to 6 hours before surgery, may be beneficial in the diagnosis of active peritoneal endometriosis.  
 
 

In conclusion, 5-ALA enabled the detection of red and white lesions, but not the detection of pigmented lesions, if it is 

administered orally in a dosage of 10-30 mg/kg. Furthermore, administering the 5-ALA between 1.5 and 24 hours before 

surgery seems adequate, with evidence that a dose of 10-20 mg/kg would be sufficient.   

 
METHYLENE BLUE 
Lessey et al. (38) included 45 patients in their study and sprayed concentrated MB (1:200 dilution in sterile saline) onto 
their pelvic surfaces using an aspiration needle, and then rinsed with lactated Ringer’s solution. The purpose of the study 
was to demonstrate the use of methylene blue to stain peritoneal surfaces during laparoscopy in order to detect the loss of 
peritoneal integrity in patients with pelvic pain and suspected endometriosis. Areas of localized dye uptake were evaluated 
for the presence of endometriosis lesions. These areas were resected and fixed in 2.5% buffered gluteraldehyde and 
examined by scanning electron microscopy (SEM). 
Intense peritoneal MB uptake was associated with endometriosis in 85% (34/40) of patients with Chronic Pelvic Pain (CPP). 
In 2/5 of the patients without CPP localized dye uptake was seen, but no resection of these lesions was performed. Pain 
relief after resection of MB stained areas was reported in 80% (32/40) of patients with CPP.. Based on SEM, the authors 
concluded that endometrial cells extend well beyond visible implants of endometriosis and appear to disrupt the underlying 
mesothelium. The authors hypothesized that subtle lesions of endometriosis could therefore cause pelvic pain that is 
secondary to disruption of epithelial surfaces and the underlying mesothelium. This allows blood and inflammatory factors 
to reach the underlying sensory nerves. In case of normal peritoneum without blue dye staining, the cells are tightly 
connected. Overall, this study showed that staining with MB improves the detection of subtle and nearly invisible 
endometriosis lesions. This improved detection may serve to elevate the accuracy of laparoscopies done to diagnose 
endometriosis. 
  
In the study of Manhes et al. (33) 31 patients were included in which intraoperative MB staining was performed. More 
specifically, a 5 ml dilute of MB was dispersed over the pelvic peritoneal surface, then washed with a physiologic saline 
solution until clear fluid was aspirated. Extensive areas of dark blue discoloration were observed.  The persistent discolored 
peritoneal areas were believed to be suggestive for endometriosis and were eliminated by bipolar coagulation or CO₂ laser. 
However, in this study no biopsies for histologic confirmation of endometriosis were taken.  
  
These results suggest that endometriosis staining with MB is feasible due to the hypothesized higher uptake of MB on 
peritoneal surface irregularities caused by endometriosis.  
 
OTHER DYES (INDIGO CARMINE, ICG, BLOOD)  
Rauh-Hain et al. (39) reported a case of a 29-year-old  nulligravid woman with a history of endometriosis and left 
unicornuate uterus with an indication for surgical removal of the endometriosis lesions. Laparoscopy and 

ACCEPTED M
ANUSCRIP

T



 7 

chromopertubation with indigo carmine was performed. It was shown that the diagnosis of endometriosis was made by 
visual detection of red and white lesions. Indigo carmine blue dye that spilled from the left fallopian tube stained the areas 
in close proximity to the fallopian tubes, after transcervical application of indigo carmine showing endometriosis lesions. 
These were already appreciated in conventional laparoscopy. No biopsies were taken in this study to confirm the diagnosis 
histologically, and no extra precautions were specified concerning the (use of) contrast agents or (the occurrence of) 
adverse reactions. 
 
 
In a case report by Levey et al. (40) a 32- year-old female patient with CPP received a 5 mg bolus of ICG intravenously during 
laparoscopy with the robotic DaVinci Si System with built-in fluorescence detection technology highlighting visible areas of 
endometriosis in conventional laparoscopy mode which subsequently appeared strongly green in fluorescence mode. This 
illumination occurred approximately 60 seconds after the dye was administered. Moreover, there was an area that 
appeared normal in conventional mode and green in fluorescence mode only. This lesion was resected and the biopsies 
confirmed the presence of endometriosis. No adverse reactions and no precautions related to the contrast agent were 
taken. The authors concluded that using the daVinci SI platform in combination with ICG has the potential to offer a greater 
intraoperative ability to detect endometriosis lesions and improve its surgical management. 
 
 
Redwine et al. (41) reported that painting the peritoneal surfaces with bloody peritoneal fluid resulted in highlighted 
irregularities by observing the erythrocytes that stream around them. After rinsing off the bloody fluid, it was possible to 
recognize these lesions. One lesion that was not readily visible in white light imaging was detected in this way. Once it was 
excised, histologic evaluation showed the presence of endometrial glands and stroma. The authors concluded that painting 
with bloody peritoneal fluid can assist the surgeon in the identification of subtle endometriosis. No complications were 
encountered in this study. 
 
 
 
 
COMMENT 
 
This study presents an overview of intraoperative enhanced imaging of endometriosis lesions.  
Since destruction of peritoneal endometriosis is effective in treating pain symptoms experienced by  women with 
subfertility and women in general, improving the recognition of peritoneal endometriosis could lead to improved efficacy of 
treatment. Therefore, the final goal of enhanced intraoperative imaging of peritoneal disease is a more radical destruction 
of all peritoneal lesions resulting in less pain and more pregnancies. Moreover, the recurrence rate of symptomatic disease 
should be lower as well. Postoperative recurrence of symptoms and histologically proven endometriosis is more likely to 
cluster close to the original area of involvement, reflecting either incomplete resection at the initial surgery or a nonrandom 
favored implantation of new endometrial implants in adjacent peritoneum (15, 16, 42, 43). 
Several dyes and staining techniques have been investigated to help surgeons find and surgically destroy lesions of 
peritoneal endometriosis during laparoscopy. Of the 5 contrast agents mentioned in this review, the contrast agent 5-ALA 
has been evaluated most extensively. Several studies have shown that the use of 5-ALA is feasible and may be beneficial in 
the diagnosis of active peritoneal endometriosis, with reported sensitivity rates of up to 100% and reported specificity rates 
of up to 78%. 5-ALA is predominantly administered orally. The contrast agent allowed for the detection of red and white 
lesions, but didn't aid the detection of non-pigmented lesions. Studies have shown an oral dose of 10-30 mg/kg allows 
imaging to be obtained. Furthermore, administering 5-ALA between 1,5 and 24 hours before surgery seems adequate, with 
evidence that a dose of 10-20 mg/kg would be sufficient.   
However, although promising, the use of 5-ALA may be problematic as it harbors side effects of photosensitivity and 
cytotoxicity, and therefore requires precautions such as avoiding sunlight for 24-48 hours after administration. Despite 
these precautions, 5 patients developed adverse reactions because they didn't comply with the precautions. In contrast 
with the other contrast agents this review focusses on, 5-ALA is not administered intraoperatively, but 1,5 to 24 hours prior 
to surgery.   

 
Methylene Blue (MB) was shown, in 2 studies, to have potential in identifying peritoneal endometriosis in up to 85% of 
suspected endometriosis lesions after staining the peritoneum with MB. This may serve to elevate the accuracy of 
diagnosing endometriosis during laparoscopy. No adverse reactions related to the use of MB were specified or encountered 
in these 2 studies.   
The use of Indigo Carmine was reported in one case, in which transcervical application of this contrast agent resulting in 
staining with Indigo Carmine being seen in close proximity to endometriosis lesions. However, as this occurrence was only 
seen in one case, it is unknown what the reproducibility of this technique is. Moreover, as staining was achieved due to dye 
that spilled from the fallopian tube, this technique might not be suitable for assessing lesions at a further distance from the 
tube, or when there is a lack of patency of the tubes. 
Another technique which may help identify endometriosis is staining of the peritoneum with bloody peritoneal fluid. 
However, it should be noted that all traumatized areas with surface irregularities are stained regardless of the cause of the 
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trauma. Therefore,  the clinical relevance and reproducibility of this techniquein the diagnosis and treatment of 
endometriosis is not clear. 
Near-infrared fluorescence imaging with perioperative ICG administration is a novel technique for enhanced intraoperative 
visualization. The fact that this technique can highlight hyper- and hypovascularized tissue, has led to its regular use in 
displaying vascular anatomy and perfusion (44).  This characteristic of the technique also makes it promising in diagnostic 
laparoscopy for endometriosis (40). The case report by Levey illustrates this potential.  
 
The present review is hindered by several shortcomings.  
In two of the reviewed studies no histologic confirmation of the diagnosis was done. In other words: the authors relied 
solely on the visual characteristics of the lesions (33, 39), which puts the certainty of the diagnosis into question.  
Due to the small number of subjects included in most studies, it was not possible to report on the sensitivity or specificity of 
the technique.  
Furthermore, despite the clear categorization of the various types of endometriosis as proposed by the American Society of 
Reproductive Medicine (20), the  studies that were reviewed are inconsistent in their nomenclature. If authors would use a 
more uniform description of the lesions and, more specifically, adhered to the nomenclature proposed by the ASRM, this 
would enable  better comparability between the various studies. Incorporation of composite endpoints, such as has been 
proposed in liver surgery, is also needed for endometriosis studies.(45). 
 
The optimal dye for intraoperative visualization of endometriosis has not been identified yet. 5-ALA shows good results but 
has the disadvantage of photosensitivity and of the interval between administration and fluorescence.  
Based on its easy clinical application with few side effects, near-infrared fluorescence imaging using ICG might be 
promising, as has been established in other fields of laparoscopic surgery (36, 46). Further studies will have to establish its 
exact value.  
Targeted fluorescent imaging might also play a role. In this technique, fluorophores are  coupled to specific antibodies and 
targeted at compounds of tissue of interest, a technique which has been proven to work in breast cancer(47).  
We hypothesize that fluorescence imaging is at present the most promising technique and advocate further investigation 
for improved detection of endometriosis. 
 
 
Conclusion 
Limited data is available on perioperative laparoscopic enhanced imaging of endometriosis lesions. Although the reviewed 
studies, which were aimed at elevating the success rate of methods to detect endometriosis, offer promising results, 
further investigation is required into the clinical applicability, reproducibility and significance of the studies, before solid 
conclusions can be drawn. Therefore, based on the present data no technique of preference can be identified. Further 
research into the optimal technique is required. 
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Appendix 1 Search 01.12.2016 

(((((((((((((((((((((((((Methylene blue) OR blue dye) OR Indocyanine green) OR ICG) OR green dye) OR 5-ALA) OR 5-
aminolevulinic acid) OR fluorophore) OR porphyrin fluorescence) OR fluorescent dye) OR fluorescent) OR fluorescence) OR 
fluorescence imaging) OR coloring dye) OR coloring agent) OR contrast agent) OR contrast dye) OR dye) OR stain) OR 
staining) OR stained tissue))  
 
AND (((((((((((((((laparoscopy) OR laparoscopic) OR laparoscopic surgery) OR robot) OR robot assisted) OR robot assisted 
surgery) OR robotic) OR robotic surgery) OR da vinci) OR daVinci) OR da vinci robot) OR da vinci robotic) OR da vinci surgery) 
OR minimally invasive) OR minimally invasive surgery))  
 
AND ((((((endometriosis) OR peritoneal endometriosis) OR endometriotic) OR endometriotic lesions) OR endometrial) OR 
endometrial lesions))  
 
AND ((((((((((((((fluorescence imaging) OR near infrared) OR near-infrared) OR NIR) OR near infrared imaging) OR near-
infrared imaging) OR near infrared fluorescence imaging) OR near-infrared fluorescence imaging) OR NIRF imaging) OR 
enhanced imaging) OR imaging) OR fluorescence diagnosis) OR photodynamic diagnosis) OR diagnostic accuracy))  
 
AND ((((((((((((Methylene Blue [Mesh]) OR Indocyanine Green [Mesh]) OR Aminolevulinic Acid [Mesh]) OR Fluorescent Dyes 
[Mesh]) OR Coloring Agents [Mesh]) OR Contrast Media [Mesh]) OR Luminescent Agents [Mesh]) OR Staining and Labeling 
[Mesh]) OR Laparoscopy [Mesh]) OR Robotic Surgical Procedures [Mesh]) OR Minimally Invasive Surgical Procedures 
[Mesh]) OR Endometriosis [Mesh]) 
 
Scholar.google.com: 
"endometriosis" AND "laparoscopy" AND "fluorescence imaging" -fallopian -hysterosalpingography -HSG -MRI -"MR 
imaging" -"sentinel node" -"sentinel lymph node" -"dye-test" 
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Figure 1.Flow diagram of literature search and study selection.  
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Table 1 Characteristics of included studies 

 
5-ALA   5-aminolevulinic acid, ICG   Indocyanine Green, MB Methylene Blue, NS   Not specified 
 

Study  Country Year System n Contrast Agent 

Buchweitz et al. (26) Germany 2004 Karl Storz, D-light System 24 5-ALA 
 

Hillemans et al.(27) 
 
Malik et al. (29) 
Pilot study 

Germany 
 
Germany 

2000 
 
1998 

Karl Storz D-light system 
 
Karl Storz, D-light system 

15 
 
16 

5-ALA 
 
5-ALA 

 
Malik et al. (28) 
 
Lessey et al(38) 
 
Manhes et al(33) 

 
Germany 
 
USA 
 
France 

 
2000 
 
2012 
 
1994 

 
Karl Storz, D-light system 
 
NS 
 
NS 

 
37  
 
45 
 
31 

 
5-ALA 
 
MB 
 
MB 
 
 

    

      
      

Rauh-Hain et al. (39) 
 
Levey et al.(40) 

USA 
 
USA 

2011 
 
2014 

NS 
 
DaVinci Si 

1 
 
1 

Indigo Carmine 
 
ICG 

 
Redwine et al. (41) 

 
USA 

 
1989 

 
NS 

 
- 

 
Bloody peritoneal fluid 
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Table 2 Methods and materials for administration of the dyes 

Study  Contrast 
Agent 

Dosage Time of 
application 

n Method of administration Precautions 

Buchweitz et al. (26) 5-ALA 20 mg/kg 5-7 and 10-14 h 
before surgery 

24 Orally, dissolved in apple juice -Avoiding of sunlight for 24 hours after 5-ALA application 

Hillemans et al. (27) 5-ALA 1 mg/kg (n=5) 
10 mg/kg (n=10) 

1,5-6 h before 
surgery 

15 Orally, dissolved in mineral water.  - Avoiding of intense light for 24 hours after surgery 
- Routine biochemical testing and total blood count before and 1 day after 
5-ALA application 
- Monitoring for local and systemic toxicity 1 and 3 days after fluorescence 
imaging 
 
 

Malik et al. (29)  5-ALA Topical (n=6) : 100 
ml 3% ALA-
solution  
Orally (n=10): 15-
30 mg/kg  

Topical: 4-12 h 
before surgery 
Orally: 4-11 h 
before surgery 

16 Topical, trans uterine application through a catheter 
Orally, dissolved in 50ml apple juice 

-  Avoiding of direct sunlight for 48 hours after 5-ALA application and staying 
in a darkened room 
- Smearing sunblock on light-exposed parts of the body for 48 hours after 5-
ALA application 

Malik et al. (28) 5-ALA 30 mg/kg 10-14 h  before 
surgery 

37 Orally, dissolved in 50ml apple juice - Avoiding of sunlight for 48 hours after 5-ALA application and preferably 
staying indoors 
- Covering all skin areas directly exposed to sunlight with sun blocker 
- Wearing sunglasses 

lessey et al. (38) 

 
MB MB 1:200 mix 

with sterile saline 
Intraoperative 45 Injected onto pelvic surfaces using an aspiration 

needle, then rinsed with Lactated Ringers solution 
NS 
 
 
 

Manhes et al. (33) 
 
 
 

MB 
 
 
 
 
 
 
 
 

5 ml dilute MB 
solution 
 
 
 
 
 
 
 

Intraoperative 
 
 
 
 
 
 
 
 

31 
 
 
 
 
 
 
 
 

“MB painting test”; dispersing of MB  over the pelvic 
peritoneal surface with a “spray-like” effect, then 
washed with a physiologic saline solution until clear 
fluid was aspirated 
 
 

NS 
 
 
 
 
 
 
 

 Intraoperative 1 Intravenous NS 

Rauh-Hain et al. (39) 

 

Levey et al. (40) 

Indigo 
Carmine 
 
 
ICG 

Unspecified 
 
 
 
5 mg bolus 

Intraoperative 
 
 
 
Intraoperative 

1 
 
 
 
1 

Chromopertubation: blue dye that spilled from the 
left fallopian tube stained the  endometriosis lesions 
 
 
Intravenous 

NS 
 
 
 
NS 
 
 
 
 
 
 
 

Redwine et al. (41) Bloody 
peritoneal 
fluid 

Unspecified intraoperative NS Painting of the bloody peritoneal fluid 
(intraoperatively encountered) onto the peritoneal 
surfaces 

NS 
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5-ALA   5-aminolevulinic acid, MB   Methylene blue, ICG   Indocyanine Green, NS Not specified 
*Routine biochemical examination consists of sodium, potassium, creatinine and aspartate aminotransferase 
 
 
 

 

Table 3 Terminology for the different types of endometriosis  
 
Study Not-highlighting Highlighting 

Buchweitz et al. (26) 
Hillemans et al.(27) 

Pigmented “black” / not active 
Clearly visible/ nodular/ pigmented/ cysts 

Vs 
Vs 

Subtle / occult / nonpigmented “red” and “white” / active 
Hardly detectable ‘’petechial’’ and ‘’hemorrhagic’’ / active ‘’red’’ and ‘’white’’ 
 

Malik et al. (29)  Typical darkish / non-active vs Atypical / active / proliferating 
Malik et al. (28) Pigmented “powder burn” / inactive vs Occult / proliferating and highly active / nonpigmented “small vesicles”, “nodular lesions”, “plaque-type implants” 
 
 

   

lessey et al. (38) Visible vs Subtle / very subtle / invisible / subclinical / single cell layer / surface red lesions 
Manhes et al.(33) 
Rauh-Hain et al.(39) 

Subclinical 
Not mentioned 

Vs 
Vs 

Subtle 
Subtle/ clear and red-and-white/ nonpigmented ‘’small vesicles’’, ‘’nodular lesions’’, ‘’plaque-type implants’’ 

Levey et al. (40) Avascular / black lesion / black implant / white scar vs Vascular 
 

Redwine et al. (41) Not mentioned vs Subtle / colorless 
 

   

vs   versus 
 

 

 
Table 4 Results and conclusion 
Study Method of taking biopsies Histologic confirmation Results Side effects Conclusion 

Buchweitz et al. (26) 107 biopsies taken from:  
- all suspicious areas 
- fluorescent lesions 
- unaffected areas as 
internal control 
 
 

Yes; For each specimen, three 
step sections were examined.  
Histologic examination 
performed by one experienced 
pathologist. Diagnosis  confirmed 
by the presence of glands and 
stroma. 

Diagnosis in non-pigmented areas 
10-14 h before surgery: 
- White light ; 58% sensitivity, 64% specificity 
- Fluorescence; 92% sensitivity, 78% specificity 
5-7 h before surgery: 
- White light; 64% sensitivity, 67% specificity 
- Fluorescence; 91% sensitivity 79% specificity 
 
- 100% of non-pigmented red lesions shows fluorescence (n=18) 
- 60% of non-pigmented white lesions shows fluorescence (n=3) 
- 0% of pigmented black lesions shows fluorescence (n=0) 
- 0% of the control biopsies shows fluorescence (n=0) 

2 cases of nausea after 5-ALA 
application. 

Dosage of 20 mg/kg body weight of 5-
ALA is appropriate for fluorescence 
diagnosis of nonpigmented 
endometriosis. Sensitivity similar 
between  application 5-7 or 10-14 
hours preoperatively. Sensitivity with 
20 mg/kg  similar to that achieved 
with 30 mg/kg dose. 
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Hillemans et al. (27) Fluorescence-directed 
Biopsies taken from areas 
corresponding to the 
fluorescence and the white-
light image 

Yes; not specified - White or red lesions show a better fluorescence signal than normal 
peritoneum.  
- 1 mg/kg 5-ALA too low for fluorescence imaging, 10mg/kg 3-6 hrs 
prior to surgery seemed adequate 
- Maximal fluorescence observed in the fimbrial mucosa 

No side effects  
 
 

Porphyrin fluorescence with 5-ALA 
may be beneficial in diagnosis of 
active peritoneal endometriosis. 
Phototoxic damage cannot be 
excluded at present, therefore 
caution  to be taken due to the 
highest fluorescence in the fimbrial 
mucosa. 

lessey et al. (38) Areas with intense 
peritoneal staining resected 
and some examined with 
SEM 

Yes; diagnosis carried out with 
SEM by visualization of 
endometrial cells and disruption 
in the cell-cell contacts of the 
underlying mesothelium. 
Photomicrographs obtained from 
12 random areas. 

Blue dye uptake in suspected lesions in women: 
- With CPP; 34/40 (85%) 
- Without CPP; 2/5 (40%) 
Improvement of pain relief after resection of blue stained areas  in 
32/40 (80%) 

NS Staining with MB appears to improve 
detection of subtle or nearly invisible 
endometriosis and may serve to 
elevate diagnostic accuracy for 
endometriosis at laparoscopy 

Levey et al. (40) Biopsy taken from areas 
that appeared abnormal 
with white light and areas 
that only appeared 
abnormal after 
administering ICG  

Yes; diagnosis confirmed by the 
presence of glands and stroma.  

Obvious areas of endometriosis appear strongly green after 
approximately 60 seconds. Biopsies revealed endometriosis.  

No adverse reactions Using the daVinci Si platform in 
combination with ICG has the 
potential to offer a greater 
intraoperative ability to detect 
endometriotic lesions and improve 
the surgical management of 
endometriosis. 

Malik et al. (29)  
Pilot study 

21 + 23 = 44 biopsies taken 
from visual suspected areas, 
from areas that show 
fluorescence and from areas 
that did not look suspicious 
as a negative control  

Yes; Fimbriae show high fluorescence in both application methods. 
 
Topical application: 
- 100% of red lesions shows fluorescence (n=1) 
- 100% of white lesions shows fluorescence (n=1) 
- 0 % of brown/black lesions shows fluorescence (n=0) 
- 100% of the control biopsies shows fluorescence (n=1) 
 
Oral application: 
- 100% of red lesions shows fluorescence (n=2) 
- 100% of white lesions shows fluorescence (n=2) 
- 0 % of brown/black lesions shows fluorescence (n=0) 
- 100% of the control biopsies shows fluorescence (n=1) 

Topical application:  
- 3 cases of facial erythema of 
which 1 with edema and blistering 
due to patient compliance. 
Symptoms appeared after short 
exposure of light 8-24 after 5-ALA 
application and disappeared 5 days 
postoperative.  
 
Oral application:  
No complications 

- Topical transuterine application of 5-
ALA is associated with a high rate of 
serious phototoxicity that cannot be 
tolerated 
- The typical darkish endometriosis 
showed no fluorescence. 
- Photodynamic diagnosis of 
endometriosis using 5-ALA could 
improve the diagnosis of 
endometriosis 

Malik et al. (28) 112 biopsies taken from 
visual suspected areas, from 
areas that are readily visible 
and show fluorescence, 
areas that only show 
fluorescence  and from 
areas that did not look 
suspicious as a negative 
control 
 

Yes; diagnosis confirmed by the 
presence of glandular epithelium 
and stroma.  

Diagnosis in non-pigmented areas and normal-appearing 
peritoneum:  
- White light ; 69% sensitivity, 70% specificity 
- Fluorescence; 100% sensitivity, 75% specificity 

2 cases of facial erythema during 
the first 24 h after ALA application 
due to patient behaviour regarding 
sunlight exposure. Complaints 
disappeared without sequelae 72 h 
after application.  

Fluorescence diagnosis using 5-ALA 
feasible and can improve the 
diagnosis of endometriosis in 
nonpigmented and occult 
endometrial lesions. 

Rauh-Hain et al. (39) No biopsies  taken No;  Diagnosis made by visual detection of red-and-white lesions. Blue 
staining seen in close proximity to these areas after transcervically 
application of indigo carmine.  

NS 
 

Tissue staining with indigo carmine 
demonstrated lesions of 
endometriosis that were more easily 
identified and could therefore provide 
a more accurate diagnosis of 
endometriosis 
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Manhes et al.(33) No biopsies  taken No; after rinsing with a physiologic saline solution, the persistent 
pathologic peritoneal discolored areas were eliminated by bipolar 
coagulation or CO₂ laser 

No complications encountered Staining with MB appears to improve 
procedure performance 
 
 
 
 

SEM Scanning Electron Microscopy, CPP  Chronic Pelvic Pain, NS   Not specified, ICG   Indocyanine Green, 5-ALA   5-aminolevulinic acid 
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