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Abstract

Background: Fluorescence-guided surgery using 5-aminolevulinic acid (5-ALA) is a promising real-time navigation
method in the surgical resection of malignant gliomas. In order to determine whether this method is applicable to
metastatic brain tumors, we evaluated the usefulness of intraoperative fluorescence patterns and histopathological
features in patients with metastatic brain tumors.

Methods: We retrospectively reviewed the cases of 16 patients with metastatic brain tumors who underwent
intraoperative 5-ALA fluorescence-guided resection. Patients were given 20 mg/kg of 5-ALA orally 2 h prior to the
surgery. High-powered excitation illumination and a low-pass filter (420, 450, or 500 nm) were used to visualize the
fluorescence of protoporphyrin IX (PpIX), the 5-ALA metabolite. We evaluated the relationships between the
fluorescence and histopathological findings in both tumoral and peritumoral brain tissue.

Results: Tumoral PpIX fluorescence was seen in only 5 patients (31%); in the remaining 11 patients (69%), there
was no fluorescence in the tumor bulk itself. In 14 patients (86%), vague fluorescence was seen in peritumoral brain
tissue, at a thickness of 2–6 mm. The histopathological examination found cancer cell invasion of adjacent brain
tissue in 75% of patients (12/16), at a mean ± SD depth of 1.4 ± 1.0 mm (range 0.2–3.4 mm) from the microscopic
border of the tumor. There was a moderate correlation between vague fluorescence in adjacent brain tissue and
the depth of cancer cell invasion (P = 0.004).

Conclusion: Peritumoral fluorescence may be a good intraoperative indicator of tumor extent, preceding more
complete microscopic gross total resection.

Trial registration: Institutional Review Board of Osaka Medical College No. 42, registered February 17, 1998, and
No. 300, registered April 1, 2008. They were retrospectively registered.
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Background
Intracellular conversion of the porphyrin precursor 5-
aminolevulinic acid (5-ALA) to fluorescent protoporphyrin
IX (PpIX) generally occurs more efficiently in malignant
neoplasms and inflammatory tissue than in normal tissue
[1, 2]. Since this unique property of ALA can provide real-
time tumor contrast, 5-ALA-induced PpIX fluorescence-
guided resection (ALA-FGR) has been widely utilized in
the surgery for many types of malignant neoplasms, includ-
ing malignant glioma [3–5], bladder cancer [6], bronchial
cancer, esophageal cancer, and prostate cancer [7]. How-
ever, the usefulness of ALA-FGR in the treatment of meta-
static brain tumors has not been thoroughly investigated. A
major unresolved problem in the surgical treatment of
metastatic brain tumors is a local recurrence. Several surgi-
cal strategies have been proposed to limit local recurrence.
One is en bloc resection using various types of navigation
technology; another is the removal of both the tumor and
the adjacent brain parenchymal tissue. Recently, it was
reported that surgical resection of both the tumor and the
adjacent brain parenchymal tissue resulted in a decrease in
the rate of local recurrence rate by one third, compared
with standard gross total resection (GTR) methods [8]. In
this study, we examined intraoperative patterns of
fluorescence and related histopathological findings for
both the tumor and for the surrounding normal brain
tissue. The usefulness and potential applications of
fluorescence-guided resection in metastatic brain tumor
surgery were then considered based on the results of
the study.

Methods
We retrospectively reviewed a total of 16 consecutive
patients who underwent ALA-FGR for metastatic brain
tumors at our hospital (Table 1). The use of 5-ALA for
intraoperative fluorescence-guided tumor resection was
approved by the ethics committee of Osaka Medical
College (Institutional Review Board No. 42, registered
February 17, 1998, and No. 300, registered April 1,
2008). Each patient received an oral dose of 5-ALA
(20 mg/kg body weight) 2 h prior to the induction of
anesthesia. During the tumor resection, 5-ALA-induced
PpIX fluorescence and autofluorescence were visualized
using a commercially available fluorescence-operative
microscope (Pentero, Carl Zeiss Inc.; Oberkochen,
Germany). In order to more clearly identify cases of
vague PpIX fluorescence and autofluorescence, we
used additional high-powered illumination excitation
sources, including a Xenon light (D-light, Karl Storz
GmbH & Co. KG; Tuttlingen, Germany), a high-pow-
ered violet laser (BP-300, Ball Semiconductor Ltd.; Frisco,
TX, USA), and a high-powered violet LED light (CCS Inc.;
Kyoto, Japan). Optimal intraoperative light spectrum set-
tings for each illumination system were greatest in the
405 nm wavelength spectrum, the zone of the most efficient
induction of PpIX fluorescence. Fluorescence was observed
through a low-pass filter, with blocking wavelengths of 420,
450, or 500 nm. Total microscopic tumor resection was
performed with this fluorescence-guided method, com-
bined with a standard navigation system (Stealth Station,
Medtronic Inc.; Minneapolis, MN, USA). The visualized

Table 1 Fluorescence and histopathological features of metastatic brain tumors and adjacent brain in 5-aminorevulinic acid (5-ALA)
fluorescence-guided surgery

Case no. Age sex Origin of tumor Histology Fluorescence
of tumor

Fluorescence of
adjacent brain tissue

Brain invasion
depth (mm)

Preoperative radiation
treatment (month)

Preoperative
chemotherapy

1 54 F Breast Ad No Vague No − +

2 70 M Colon Ad No Vague Positive (1.7) − −

3 63 F Lung Ad Heterogeneous Vague Positive (1.2) − −

4 56 F Breast Ad No Vague Positive (0.7) − +

5 76 M Rectum Ad Heterogeneous Vague Positive (1.8) − +

6 38 M Unknown Ad No Vague Positive (2.9) − +

7 76 M Bladder Sq No Vague No − −

8 61 M Lung Ad Heterogeneous Vague Positive (3.4) − +

9 40 F Breast Ad No Vague Positive (0.3) − +

10 61 M Salivary duct Ad No Vague Positive (0.8) WBRT (3) −

11 10 M Bone OS No No Positive (0.2) − −

12 54 F Breast Ad No No No SRS (27) +

13 46 M Lung Ad Heterogeneous Vague Positive (1.6) SRS (8) +

14 67 M Colon Ad No Vague Positive (2.0) SRS (3) −

15 38 M Unknown Ad No Vague Positive (0.3) − −

16 49 M Rectal Ad Heterogeneous Vague No − +

F female, M male, Ad adenocarcinoma, Sq squamous cell carcinoma, OS osteosarcoma, WBRT whole-brain radiation therapy, SRS stereotactic radiosurgery
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fluorescence intensity was classified into three grades as fol-
lows: an obvious charcoal red PpIX fluorescence is defined
as “strong” fluorescence. A lack of red PpIX fluorescence,
even under strong excitation light at an intensity sufficient
to visualize autofluorescence, is defined as “non-fluores-
cence.” A pink or orange fluorescence was defined as
“vague” fluorescence. The phenomenon of vague PpIX
fluorescence was postulated as deriving from a merging of
charcoal red PpIX fluorescence with green autofluores-
cence, resulting in a change of the fluorescence color
spectrum to orange (500 nm low-pass filter) or light red
(420 and 450 nm low-pass filters). All PpIX fluorescence
samples were examined in the main tumor mass and in the
adjacent brain tissue as well. Histopathological analysis of
tumors in all patients was performed using hematoxylin
and eosin (HE) staining. If present, adjacent brain paren-
chymal tissue adhering to sections of the removed tumor
was evaluated. HE histopathological staining was performed
on adjacent brain parenchymal tissue, and the extent of
tumor cell invasion within the normal brain was assessed.
In addition, the influence of primary-lesion chemother-
apy treatment and preoperative brain radiation therapy
on the fluorescence of the tumor and the adjacent brain
parenchymal tissue was investigated.

Results
Patient population and characteristics
Sixteen consecutive patients undergoing surgery with
ALA-FGR for metastatic brain tumors were studied
retrospectively. There were 11 men and 5 women, with
an average age of 54 years. The origins of the tumors
were as follows: 4 breast and alimentary canal, 3 lung, 2
unknown, and 1 bladder, bone, and salivary duct. There
were 14 adenocarcinoma, 2 squamous cell carcinoma,
and 1 osteosarcoma (Table 1). Prior to the surgical re-
sections for the brain tumors, 9 out of 16 patients had
been treated by some anti-neoplastic agents for their
original cancers, and 4 out of 16 patients had received
radiation therapies. These preoperative treatments did
not correlate with positive fluorescence in tumors or
adjacent brain tissues.

PpIX fluorescence in metastatic brain tumors
In 69% of patients (11/16), there was no visible fluores-
cence of PpIX in the main tumor mass (Fig. 1b and
Table 1). In 31% patients (5/16), tumors, which showed
strong fluorescence with a heterogeneous pattern, were
observed (Fig. 2b and Table 1). The nonfluorescing areas
in these heterogeneous fluorescence cases were identified

Fig. 1 Representative metastatic tumor with absence of PpIX fluorescence (case 4). a Gadolinium-enhanced T1-weighted MRI revealing a right
occipital metastatic tumor adjusting to the lateral ventricle in a breast cancer patient. b This picture shows a tumor removal cavity after the
resection of the main tumor bulk which did not show any fluorescence of PpIX. Arrowheads indicate a residual tumor tissue. c The residual tumor
(T) showed no fluorescence of PpIX as well as its main tumor bulk. In contrast, vague fluorescence was observed in some parts of the adjacent
white matters (W) on the surface of the tumor-removal cavity. d Histopathology of the PpIX fluorescence-positive white matter (W) in c, stained
with hematoxylin and eosin (HE). Clusters of cancer cells (arrowheads) were seen in the normal brain parenchyma. e Vague PpIX fluorescence
was also seen in the exposed ventricular wall after the tumor removal. f: Infiltrating cancer cells were seen in the subventricular zone (arrowhead).
HE ×200 magnification
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as mostly necrotic tissue; however, some active tumor
areas showed no fluorescence as well (Fig. 2). The PpIX
fluorescence sensitivity in metastatic brain tumors was
found to be less than 31%. There was no apparent re-
lationship between histopathological type and tumor
fluorescence (Table 1).

PpIX fluorescence in adjacent brain parenchymal tissues
The presence of a vague fluorescence pattern in the brain
tissue surrounding the tumor was observed in 88% of pa-
tients (14/16) (Table 1). At the deep part in the operation
filed, typically vague fluorescence can be difficult to
recognize; however, in such situations, vague fluorescence
can be distinguished with the aid of additional high-
powered excitation light. The vague fluorescent area of
the peritumoral lesion ranged from 2 to 6 mm from the
tumor. There was no correlation between tumor fluores-
cence and adjacent brain tissue fluorescence. Vague fluor-
escence in adjacent brain tissue was observed in 88% of
cases (14/16) and was seen even in cases with an absence
of central tumoral fluorescence (Table 2).

Tumor cell invasion in the peritumoral brain
All of the patients had histopathological sections show-
ing adjacent brain parenchymal tissue adhering to the
resected tumor. Cancer cell invasion in the adjacent
brain tissue was observed in 75% of patients (12/16).
Three patterns of invasion were identified. The first type
manifested as direct invasion, extending from the tumor
surface to the nearby brain field, with a decrease in can-
cer cell density being proportional to increasing distance
from the tumor surface. A second type was observed in
the intravascular spaces (Fig. 3c). The third type was found
in the subependymal tissue (Fig. 1f). In this type, isolated
cancer cell clusters without apparent continuity with the
main tumor mass were detected. However, the presence of
contiguous PpIX fluorescence in and around the cancer
cells was observed intraoperatively in most cases.
The mean ± SD depth of direct invasion was

1.4 ± 1.0 mm, which was less than in peripheral locations
(approximately 2–6 mm), where vague fluorescence was
typically detected. There was a correlation between the
depth of cancer cell invasion and fluorescence of the

Fig. 2 Representative metastatic tumor with strong PpIX fluorescence (case 5). a Gadolinium-enhanced T1-weighted MRI showing a left frontal
metastatic tumor in a rectal cancer patient. b The resected tumor was sectioned and observed under the fluorescence mode. The tumor was
divided into fluorescing (F) and nonfluorescing (N) sections. c HE staining of the fluorescent section shows typical adenocarcinoma with tubular
formation (×200 magnification). d HE staining of the nonfluorescing section shows the same histopathological findings as the fluorescent section.
There are no necrotic changes (×200 magnification)
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adjacent brain tissue (P = 0.004) (Fig. 4). The depth of
cancer cell invasion in the cases of perivascular and sube-
pendymal invasion could not be measured.
In 4 patients, there was no histopathological evidence

of cancer cell invasion. Despite this finding, in 3 patients
(75%), vague peripheral fluorescence was clearly ob-
served. Of the cases of vague fluorescence of the adja-
cent brain tissue, evidence of pathological tumor cell
invasion was detected in 78.6% (11/14).

The recurrence period and duration of survival
The survival time of 1 patient was less than half a year;
for 3 patients (16%), it was between 6 months and 1 year;
and for 11 patients (69%), it was more than 1 year. The
cause of death of the patient who died within half a year
was poor general condition. For the patients who died

between half a year and 1 year later, the cause of death
for one was a traffic accident, and another one died from
exacerbation of the original tumor. The other one died
from local recurrence of the tumor and from exacerba-
tion of the original tumor. The survival status of 1
patient is unknown.

Discussion
Low positive fluorescence in metastatic brain tumors
Various types of malignant neoplasms can efficiently
convert 5-ALA to PpIX, which emits a bright red fluor-
escence upon irradiation with violet light (405 nm).
Because of this, PpIX fluorescence has been found to be
useful in identifying the presence of neoplastic cells. The
clinical application of this technique has been termed
fluorescence-guided surgery or photodynamic diagnosis
(PDD) [1]. Target diseases for PDD have included malig-
nant glioma [3–5, 9], meningioma [10], bladder cancer
[6], and prostate cancer [7].
The positive rate of PpIX fluorescence in malignant

glioma has been found to be greater than 80% [4]. The
reason for the high incidence of PpIX fluorescence in ma-
lignant neoplasms has been postulated to be a combin-
ation of several factors, such as a high uptake of 5-ALA,
increased activity of PpIX biosynthesis, and decreased ac-
tivity of ferrocheratase [1, 11]. However, the predominant
causative factor remains unknown.

Table 2 Fluorescence patterns between tumor and adjacent
brain

Vague fluorescence
in adjacent brain

tissue

No fluorescence
in adjacent brain

tissue

Total

Positive tumor
fluorescence

5 0 5

Negative tumor
fluorescence

9 2 11

Total 14 2 16

Fig. 3 Histopathological findings at the interface between the tumor and peripheral brain. a The margins of the metastatic tumor are clear, and
no tumor cell invasion can be seen (case 16). b The tumor margin is quite unclear, and large clusters of the tumor cells invade deep into the
peripheral brain (case 8). The depth of invasion is 3–4 mm. c Columnar cell invasion in the microvessels of the peripheral brain can be seen (case
10). The depth of intravascular tumor invasion was approximately 0.82 ± 0.07 mm. The true depth of invasion is unknown because the distal end
of invasion was not included in the specimen. d The margin of the metastatic tumor is markedly unclear (case 13). Single-cell and small-cell
clusters invade the peripheral brain to a depth of 1.6 mm
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We found that in metastatic brain tumors, PpIX fluor-
escence showed only 36% of tumors. The reason for the
low positive rate of 5-ALA-induced fluorescence in
metastatic brain tumors also remains uncertain. How-
ever, it may be due to a fundamental change in the gen-
etic structure of the tumor cells. This supposition is
based on the theory that the metastasis of cancer cells is
dependent on an inherent change happening in their
basic genetic structure. Nguyen et al. distinguished
among three classes of metastasis genes: metastasis initi-
ation genes, metastasis progression genes, and metasta-
sis virulence genes [12]. These genetic changes include
the gain and loss of function. Therefore, it is likely that
one or more of these types of changes has occurred, for
example, a decrease in synthesis of PpIX genes or 5-
ALA uptake (PEPT1) genes, or an increase in the pro-
duction of ferrocheratase genes or PpIX transporter
(ABCG2) genes. The phenomenon of dedifferentiation
may also be relevant for explaining a lack of PpIX fluor-
escence in metastatic brain tumors. It is known that
differentiation of cancer cells can cause an increase in
the concentration of PpIX [13–15]. Likewise, the highly
undifferentiated nature of metastatic brain tumors may
result in a decrease in the concentration of PpIX.
Previously, Kamp et al. reported that 61.5% of meta-

static brain tumors exhibited tumor fluorescence. How-
ever, interestingly, they observed residual fluorescence of
the resection cavity only in 5-ALA-induced fluorescent

metastatic tumors. This suggests that they overdiagnosed
the adjacent brain fluorescence as tumor fluorescence
[16, 17]. Furthermore, a previous report suggests that
most metastatic brain tumors (82%) show 5-ALA-
induced PpIX fluorescence [18]. This finding, contrary
to our observations, may be explained by differences in
fluorescence-detection methods. In our study, all sam-
ples were from patients undergoing tumor resection
performed with a fluorescence-operative microscope and
the use of an additional strong excitation light for
detecting even faint fluorescence. In contrast, they used
a laboratory fluorescent microscope used to view tumor
fluorescence in a laboratory setting. Therefore, because
our study was performed in an actual clinical intraopera-
tive setting, our result on fluorescence patterns is more
accurate.

PpIX fluorescence in adjacent brain tissue
We found that 88% (14/16) of metastatic brain tumors
were surrounded by a vague fluorescent ring of brain tis-
sue in a halo-like formation, while there was no evidence
of 5-ALA-induced tumor fluorescence in the main
tumor mass in 79% (11/14) of metastatic brain tumors.
However, approximately 82% (9/11) of these nonfluores-
cing metastatic tumors did show peritumoral vague
fluorescence. These results indicate that metastatic brain
tumors may often have a vague fluorescent rim, but this
may be unrelated to the intrinsic fluorescence of the
tumor. Vague fluorescence may be due to disruption of
the blood–brain barrier (BBB). However, the exact
mechanism underlying PpIX fluorescence in the sur-
rounding brain is unknown. Previously, we reported in a
clinical observational study that a normal brain with a
disrupted BBB shows PpIX fluorescence, even without
the presence of a tumor. We have also demonstrated in
an in vivo animal experiment that the normal brain par-
enchymal cells can produce a visible PpIX fluorescence
by themselves, if only ALA can enter into the brain
parenchyma either by the direct intracerebral injection
of ALA or by the BBB disruption using an intra-
arterial mannitol injection prior to the ALA adminis-
tration [2, 19]. On the contrasted T1-weighted image
of magnetic resonance imaging (MRI), most of the
metastatic brain tumors are visualized with a Gd
(gadolinium) enhancer, which means that these tu-
mors have vessels without mature BBB. Thus, 5-ALA
also may leak from such tumor vessels and subse-
quently permeates into the surrounding brain tissue,
where it is converted to PpIX by glial cells or infiltrat-
ing tumor cells. This suggests that cancer cell invasion
has some degree of influence on PpIX fluorescence in
adjacent brain tissue. Thus, this relationship could be
explained by our hypothesis, whereby invading cancer
cells disrupt the BBB in adjacent brain tissue, thereby

Fig. 4 Relationship between vague fluorescence in adjacent brain
tissue and depth of cancer cell invasion. There is a correlation
between fluorescence in adjacent brain tissue and depth of cancer
cell invasion (P = 0.004)
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allowing 5-ALA to enter adjacent brain parenchymal
tissue. In the previous studies, it has been reported
that the PpIX intensity in a tumor may correlate with
a tumor proliferating ability, a vessel density, a pri-
mary organ, and a histopathological cancer type. Re-
cently, Wang W et al. reported that glioma stem cells
(tumor-initiating cells) showed less PpIX fluorescence
compared to non-stem glioma cells [20]. In metastatic
brain tumors, the differentiation status of cancer cells
might also affect the PpIX production in the tumors.

5-ALA fluorescence-guided surgical technique in
metastatic brain tumors
We believe that more complete tumor resection of
metastatic tumors may be accomplished with the use of
5-ALA fluorescence-guided resection. Our results show
that intraoperative findings of either absent or heteroge-
neously strong PpIX fluorescence with the surrounding
brain showing a halo-like vague red fluorescence at
depths of 2–6 mm may be highly specific for delineating
the extent of typical metastatic brain tumors.
So far, despite technical advances in the surgical resection

of metastatic brain tumors, prevention of local recurrence
continues to be difficult. Hence, a better understanding of
the mechanisms of local recurrence could lead to an im-
proved treatment strategy. Three major explanations for

local recurrence have been described. The first is incom-
plete tumor resection. In order to resolve this, more
complete GTR has been recommended for the prevention
of early local recurrence. Recently, several neuronavigation
systems and intraoperative MRI have been applied, in order
to improve resection rates, reduce local recurrence, and im-
prove patient survival [21–25]. Image-guided surgery
assisted by 5-ALA is a novel technique for identifying re-
sidual tumor masses. The second cause of recurrence is the
seeding of cancer cells in the operative field. To prevent
seeding, en bloc tumor resection, or the no-touch tech-
nique, have been recommended. Especially in cases involv-
ing the posterior fossa, the incidence of tumor seeding and
resultant meningeal carcinomatosis has been found to be
much higher than in other regions [26, 27]. The no-touch
technique of metastatic brain tumor resection has been re-
ported to be an effective method for preventing tumor cell
seeding [28, 29]. Moreover, the no-touch technique or en
bloc resection can be further enhanced with the application
of fluorescence guiding in peritumoral brain areas (Fig. 5d).
Finally, the third factor in local recurrence is cancer cell
invasion into the surrounding brain tissue. Although
most metastatic brain tumors are macroscopically well
demarcated, cancer cells may microscopically invade up
to 1 cm into the surrounding brain and along the peri-
vascular space [30, 31].

Fig. 5 Schematic representation of microscopic GTR using fluorescence guiding. a Cancer cell invasion was detected at a mean ± SD depth of
1.4 ± 1.0 mm in 75% of metastatic brain tumor cases. Distant invasion along the vessels and subependymal layers can be observed in some cases
(arrow). b With the use of 5-ALA, a thin layer of PpIX fluorescence in adjacent brain tissue at a depth of 3–6 mm can be seen. The depth of the
PpIX fluorescent layer was greater than the depth of microscopic cancer cell invasion. c En bloc tumor resection may reduce the risk of cancer
cell invasion in adjacent brain tissue. d The thin fluorescent layer in adjacent brain tissue may be a good indicator for achieving microscopic GTR
for nonfluorescing (N) and fluorescing (F) sections
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We recommend 5-ALA fluorescence-guided surgery in
metastatic brain tumors. After the incision of the cortex,
normal white matter can be distinguished as an autofluor-
escent area, while adjacent brain parenchymal tissue is
identified as an area of vague fluorescence. When incising
the thin vague fluorescent layer in the adjacent brain tissue,
the surface of the metastatic tumor mass can be distin-
guished by the presence of either strong fluorescence or a
lack of fluorescence (negative fluorescence). We believe that
these fluorescence patterns are helpful in avoiding disorien-
tation in tumor dissection by allowing for clear and easy
localization. Ultimately, this technique may lead to more
complete resection with more effective prevention of local
recurrence. Furthermore, in our pathological inspection,
we found that 75% of metastatic brain tumors invaded the
peritumoral brain at a mean ± SD depth of 1.4 ± 1.0 mm.
Based on these findings, resection of adjacent brain tissue
to a depth of 3 mm may be sufficient in most cases.
Another area of concern is the finding of two types of un-
expected distant invasion, intra- or perivascular invasion
(Fig. 3c) and subependymal invasion. Typically, both types
of invasion are difficult to detect intraoperatively. How-
ever, in one case of subependymal invasion, we found that
the invaded cluster of cancer cells (Fig. 1f) was sur-
rounded by a rim of vague fluorescent brain tissue
(Fig. 1e). Therefore, vague fluorescence of the surrounding
brain could become a useful marker for determining the
extent of distant cancer cell invasion (Fig. 5b).

Limitations
Limitations of our study include possible errors in the
measurement of the depth of brain invasion. The speci-
men slice was not always made perpendicular to the
tumor surface. Therefore, errors of depth underestima-
tion and overestimation may have occurred. These
measurement errors are inevitable with surgical speci-
mens, and a detailed study using tumor samples in
autopsy cases or development of a more accurate meas-
urement system would be more desirable. In addition,
our pilot study involved a limited number of patients,
and studies with a larger patient population and a pro-
spective protocol are needed in the future to more
accurately evaluate the effectiveness of this technique.

Conclusion
In the present case series, we reviewed the intraoperative
findings of ALA-FGR for metastatic brain tumors. Posi-
tive PpIX fluorescence was more frequently seen in the
peripheral brains (14/16) than main tumor mass (5/16),
and the existence of PpIX fluorescence in the adjacent
brains correlated with the deeper invasion of cancer
cells. ALA-FGR might be useful to identify the invading
cancer cells and contribute to decrease the tumor re-
lapse after the surgery.
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