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The Effects of Sodium Fluorescein Dyeing of Metastatic Brain
Tumors on Surgical Outcomes Under Microsurgical Operation

Metastatik Beyin Timarlerinin Mikrocerrahi Yonetiminde Sodyum Fluorescein Boyamanin
Cerrahi Sonuclara Etkileri

@ Tamer TUNCKALE, @ Tezcan CALISKAN
Tekirdag Namik Kemal University Faculty of Medicine, Department of Neurosurgery, Tekirdag, Turkey

ABSTRACT

Aim: We investigated the reflection of tumor dyeing (staining), an auxiliary technique for the resection of metastases, which are the most prevalent
group among brain tumors, via microsurgery.

Materials and Methods: Twenty one patients, who were operated under surgical white light, and 27 patients who were operated via sodium
fluorescein (FL) dyeing (staining) due to metastatic brain tumors were evaluated retrospectively. The gross total resection (GTR) rates, surgical time,
amount of blood loss, and the duration of hospital stay for both groups were compared. The contribution of FL dyeing (staining) to surgery was
evaluated for the group with FL dyeing (staining).

Results: The study comprised of 48 patients in total. The median age of patients was 61.5 years (minimum: 20, maximum: 80), the average age was
59.1+11.8 years. There was no difference between the group with FL dyeing and the one without dyeing in terms of gender, age, tumor size, GTR
rates and surgical time. Blood loss and duration of hospital stay in the FL used group was significantly less. In the group with FL dyeing (staining)
(92.5%), this method contributed to the surgery by giving yellow highlights.

Conclusion: It has been found out that in the surgery of metastatic brain tumors, FL dyeing decreases the blood loss, shortens the surgical time, and
aids in the differentiation of tumor glial tissue.
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0z
Amagc: Beyin tiimorleri icerisinde en sik goriilen grup olan metastazlarin mikrocerrahi ile ¢ikartilmasinda yardimei bir teknik olan tlimér boyamanin

cerrahi sonuglarimiza yansimasini arastirdik.

Gerec ve Yontem: Metastatik beyin tliméri nedeni ile mikrocerrahi ydntem ile beyaz isik altinda opere edilen 21 hasta ve sodyum fluorescein
(FL) boyama kullanilan 27 hasta retrospektif olarak degerlendirildi. Her iki grubun gross total rezeksiyon (GTR) oranlari, cerrahi siireleri, kan kaybi
miktarlari, hastanede kalis stireleri karsilastirildi. FL kullanilan grupta boyamanin cerrahiye yaptigi katki degerlendirildi.

Bulgular: Calismaya toplamda 48 hasta alindi. Hastalarin medyan yasi 61,5 (minimum: 20 maksimum: 80) yil, ortalama yasi 59,1+11,8 yil idi. FL
kullanilmayan ve kullanilan gruplarda cinsiyet, yas, timor biyiikliigl, GTR oranlar ve cerrahi siire acisindan fark yoktu. FL kullanilan grupta kan
kaybr miktarlari ve hastanede kalis stiresi belirgin sekilde azdi. FL kullanilan grupta yirmi bes hastada (%92,5) FL sari r6fle vererek cerrahiye katki
saglamistir.

Sonuc: Metastatik beyin tiimorlerinin cerrahisinde FL boyama kan kaybini ve cerrahi siireleri azaltmakta, tlimor glial doku ayriminda cerraha
yardimcei olmaktadir.
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INTRODUCTION

Cerebral metastases are the most common lesions among
all brain tumors and are more common than primary glial
masses'. Cerebral metastases can be seen in 20-40% of
patients with known cancer, while approximately 70% of
these patients are symptomatic®. As a result of the success
in the treatment of the primary disease in recent years,
prolonged life expectancy, accessibility to imaging methods,
and advances in the techniques of these methods have led to
an increase in the incidence of brain metastases®. While life
expectancy is expressed in months in many patients with brain
metastases, it is known that surgery, whole-brain radiotherapy
and chemotherapy treatment algorithm, respectively, are the
treatment modalities that increase total survival the most
in the recent period*®. The aim of surgery, which is the first
step of the treatment in these patients, is total resection®.
The higher the amount of resection, the less the possibility of
local recurrence’. Recently, many methods such as navigation
systems, brain mapping, fluorescein (FL) staining, intraoperative
ultrasound and magnetic resonance (MR) have been used to
increase the surgical safety and the amount of resection in
brain tumors®®. Sodium FL, a FL salt, is a water-soluble organic
dye that has been used safely in eye angios for a long time
and accumulates in areas where the blood-brain barrier is
disrupted™. Brain tumors cause contrast enhancement by
disrupting the blood-brain barrier where they are located. FL
has been used for many years in standard surgical microscopes
that give off white light or with the naked eye at high doses
of 15-20 mg/kg in order to distinguish tumor glial tissue in
contrast-enhancing areas".

Side effects, up to anaphylaxis, have been avoided by using
low doses of 3-4 mg/kg, thanks to filters that give a yellow
highlight to FL at a wavelength of 560 nm, which have recently
been installed on surgical microscopes'?. There are studies
showing that the use of FL in brain metastases increases
the amount of resection™'. We will also present the results,
surgical differences and our experience in patients with brain
metastases in which we used and did not use FL staining with
a 560 nm filter microscope in surgery.

MATERIALS AND METHODS

In our clinic, 21 patients (group 1) who were operated under
white light by two surgeons in 2015-2016 due to metastatic
brain tumors and 27 patients (group 2) who were operated
between 2017-2019 by performing FL staining were evaluated
retrospectively.

Patients with significant contrast enhancement on MR images,
aged between 34-75 years, diagnosed with metastatic brain
tumor and who underwent surgery were included in the
study. Cases that did not have contrast enhancement on

MR images and for whom administering contrast agent was
contraindicated were excluded from the study.

All patients were operated under general anesthesia. Group
1 patients were operated under white light with a standard
surgical microscope. In group 2 patients, 3 mg/kg FL was given
as a 10% bolus through the central catheter before the skin
incision following the induction of anesthesia. Leica M530 OHX
(Wetzlar and Mannheim, Germany) microscope with FL560
fluorescein module was used in the surgery of the patients.
The yellow highlights around the tumor tissue under FL560,
which could not be clearly differentiated under white light,
were excised. Contrast-enhanced control brain MRIs taken at
the first month after surgery were evaluated with open source
software (Sectra UniView, https://medical.sectra.com/product/
sectra-uniview) and residual tumor volumes were calculated.
Patients with no contrast enhancement in postoperative MR
images were evaluated as gross total resection (GTR), while
those with contrast enhancement were considered as subtotal
resection. Length of hospital stay, duration of surgery and
amount of blood loss were recorded from patient files. NA-FL's
aid to surgery was evaluated by examining the surgery notes
and surgery videos.

Statistical Analysis

Data were analyzed by entering Statistical Package for the Social
Sciences (SPSS) 24.0 (SPSS Inc., Chicago, IL, USA) statistical
computer program. Chi-square test for categorical variables
(Fisher's Exact test if not applicable) was used to compare the
groups using NA-FL and those not using it. In comparison of
continuous variables, independent sample t-test was used for
those with normal distributions and Mann-Whitney U test for
those without normal distribution. The cases where the p value
was below 0.05 and the type 1 error level was below 5% were
interpreted as statistically significant.

RESULTS

A total of 48 patients were included in the study. The median
age of the patients was 61.5 years (minimum: 20, maximum:
80), and the mean age was 59.1+11.8 years. In group 1, 21
patients (female=9 and male=12) were operated without using
NA-FL, and in group 2, 27 patients (female=11 and male=16)
were operated using NA-FL. There was no difference between
the groups in terms of gender (p=0.883). When the mean
tumor volumes detected in the contrast-enhanced brain MR
images of the patients before the operation were examined, it
was seen that it was 13.7+11.4 cm3 in group 1 and 13.3+13.3
c¢m3 in group 2, and both groups were similar in this respect
(p=0.540). Considering the blood loss during surgery, there
was an average of 434.3 cc of bleeding in group 1, and this
average was 320.4 cc in group 2. This amount of bleeding in
group 2 was significantly less than group 1 (p=0.001). While
the duration of surgery was 275.7+62.8 minutes in group 1,
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it was 272.0+60.7 minutes in group 2 and both groups were
similar in terms of surgery time (p=0.837). When the control
MR images taken after the operation were examined, the GTR
rate in group 2 was 92.6%, while it was 71.4% in group 1
(p=0.059) (Figure 1). While the mean hospital stay was 9.6+5.2
in group 2, it was 13.5+7.3 in group 1 and was significantly
longer than group 2 (p=0.013). Demographic data and results
of both groups are summarized in Table 1, primary focus types
are summarized in Table 2 and Table 3. In group 2, it did not
appear to be beneficial in two patients with FL, malignant
melanoma, and cystic AC adenocarcinoma. In 25 patients
(92.5%), FL contributed to the surgery by giving a light yellow
highlight (Figure 2). No complications were observed in any of
the patients who used FL.

DISCUSSION

The life expectancy of a patient with a metastatic brain tumor
is usually quite short, regardless of which organ the primary
tumor originates from. Active physical activity, presence of a
solitary metastatic mass, no signs of systemic metastasis, and
young age (<60-65 years) are generally associated with a good
prognosis'>'®. In addition to these, total resection and mini-

Table 2. Primary tumor distribution of group 1 (none-FL)
patients

Cancer type Incidence :’;:)centage
AC ca adenocarcinoma 10 47.6

AC ca squamous carcinoma with he | 3 14.3

AC ca carcinoma with small he 1 4.8

Ewing sarcoma 1 4.8

Colon ca 1 4.8

Breast ca 4 19.0
Rectum ca 1 4.8

Total 21 100.0

Ca: Carcinoma, FL: Fluorescein

Table 3. Primary tumor distribution of group 2 (FL) patients

. Percentage

Cancer type Incidence (%)

AC ca adenocarcinoma 14 51.9

AC ca squamous carcinoma with hc 1 3.7
Figure 1. Preoperative and first-month postoperative AC ca carcinoma with small he 4 14.8
contrast-enhanced images of the right frontal metastatic Clear cell carcinoma 1 37
mass of a 62-year-old male patient with a diagnosis of AC - :
Ca, for whom fluorescein was used in his surgery; (1A) Preop Malignant melanoma 1 3.7
TIW axial section, (1B) Preop TIW sagittal section, (1C) Breast ca 5 18.5
Preop T1W coronal section, (1D) Postop T1W axial section, Rectum ca 1 3.7
glgiigﬁstop T1W sagittal section, (1F): Postop TIW coronal Total = —

Ca: Carcinoma, FL: Fluorescein

Table 1. Demographic characteristics and surgical results of patients with and without sodium fluorescein

Group 1 (non-FL) Group 2 (FL)
Mean+SD/n . -
Median Mean+SD/n | Median p value
Age 56.8+14.1 59.0 61.0+49.5 63.0 0.220¢
Female | 9 (42.9%) 11 (40.7%)
Gender 0.883%
Male 12 (57.1%) 16 (59.3)
Yes 15 (71.4%) 25 (92.6)
GTR 0.059°
None 6 (28.6%) 2(7.4)
Bleeding amount (cc) 434.3+147.8 440.0 320.4+73.7 320.0 0.001t
Duration of surgery (min) 275.7+62.8 280.0 272.0+60.7 255.0 0.837¢
Tm volume (cm3) 13.7+11.4 12.0 13.3+13.3 9.9 0.540™
Duration of hospitalization (day) 13.5¢7.3 13.0 9.6+5.2 8.0 0.013™
SD:Standard deviation, FL: Fluorescein, GTR: Gross total resection, min: Minute.
‘t-test, chi-square test, ‘Fisher's Exact test, "Mann-Whitney U test.
*Values with statistical significance are marked in bold.
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Figure 2. Intraoperative image of the patient whose
preoperative and postoperative images are given in Figure
1; (2A) Intra-tumor image following cortical incision under
white light, (2B) Tumor tissue appears as bright yellow
highlight under FL560 filter

mental testing of the patient, namely memory and cognitive
functions. are also associated with good prognosis'™". In brain
tumor surgery, the surgeon should ensure that these prognostic
factors do not change. The target of the surgery should be
total resection, but the patient's motor, memory and cognitive
functions should not be affected. For this purpose, in recent
years, auxiliary techniques such as intraoperative ultrasound,
intraoperative MR, navigation, and brain mapping have
been used®. In recent years, tumor staining techniques using
substances such as 5-ALA, FL and indocyanine green have been
a light of hope in distinguishing glial tissue from tumors. High-
dose (15-20 mg/kg) FL in brain tumor surgery has been used for
many years to increase the amount of resection. More secure
and clearer images are obtained at doses of 3-4 mg/kg thanks
to special filters that give a yellow highlight with FL at 560 nm,
which are recently attached to surgical microscopes'™. Thus,
GTR rates have increased in both primary glial and metastatic
masses with contrast enhancement'®?. Schebesch et al.”™ in
their series of 30 patients in which they used low-dose FL with
a yellow 560 filter, reported that FL gave bright highlight in
27 patients and was beneficial in surgery, with a GTR rate of
83.3%. They found that FL was not helpful in two patients
with AC adenocarcinoma and one patient with malignant
melanoma.

Again, Hamamcioglu et al.®*® in their series of 23 primary
glial tumors and 7 metastatic masses, reported that FL was
beneficial in all of their patients, except for one low-grade
glial mass. Okuda et al.”' reported the GTR rate as 86.1%
and the local recurrence rate as 19.4% in 36 patients with
metastatic brain tumors for whom FL was used. Although there
was no statistical significance between the two groups in our
series, when we looked at the GTR ratios, it was 71.4% in white
light and 92.6% in those using FL (Table 1). We think that GTR
ratios should be compared in larger series. The increase in GTR
with FL in metastatic brain tumors can be explained by the
resection of the yellow highlights on the walls by switching
to the filter, especially after cleaning the inside of the lodge

with debulking. FL was not found to be beneficial in two cases
with a cystic AC adenocarcinoma and a malignant melanoma
metastasis.

In retrospect, the patient with AC adenocarcinoma showed
very weak thin-edged contrast enhancement around the cyst
in preoperative MR images. FL involvement is proportional
to impaired blood-brain barrier and
enhancement?2. Especially in cystic masses, there is a thin wall
enhancement, FL efficiency should be evaluated in larger series
in these patients. FL involvement was not observed in the
patient with malignant melanoma metastasis, but the black,
gray tumor could easily be separated from the brain tissue.
There is no study in the literature regarding the amount of
bleeding, surgical durations, and hospital stays in surgeries
performed with FL yet. In our series, blood loss in the FL
group was significantly less than in the other group (p=0.001)
(Table 1). We think that the reason for this is that the surgeon
acts more controlled and decisively because he distinguishes
between tumor and neural tissue while inside or outside the
tumor. Again, in the FL group, by minimizing neural tissue
damage, patients were discharged from the hospital more
rapidly in the postoperative period (p=0.013) (Table 1). The low
amount of bleeding in the patients causes the preservation of
brain perfusion during surgery. Both the preservation of brain
perfusion and the preservation of their motor and cognitive
abilities without damaging the glial tissue caused the patients
to return to their normal lives more quickly.

intense contrast

Study Limitations

While it would be appropriate to say that the use of FL is an
effective method in the surgery of AC Ca metastases, which
are the most common in our series of metastatic brain tumors,
more cases should be evaluated for this inference in rare
metastatic masses and cystic metastases.

CONCLUSION

FL, which has recently been used mainly in the surgery of high-
grade glial masses, is also extremely useful in the surgery of
contrast-enhancing metastatic brain tumors. It increases GTR
rates, reduces blood loss and hospital stay, as a guide to the
surgeon in separating the tumor glial tissue border.
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