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Summary

Obijective: Presentation of MR guided laser-induced thermotherapy (LITT) for
percutaneous interstitial thermotherapy of malignant liver tumours and soft tissue
lesions.

Material and methods: MR-guided LITT is carried out by means of catheter systems

that can be implanted percutaneously. CT or open MRI technologies are used as the
control method for inserting the catheter. Irrigated application systems are available
for LITT.

Findings: percutaneous LITT currently permits local tumour control of 97.2% for
localised liver metastases without an extrahepatic manifestation pattern. In a patient
population of 729 patients median survival times of 48.0 months for liver metastases,
41.8 months for patients with colorectal liver metastases and 46.8 months for hepatic
cell carcinoma tumours have been documented. In the treatment of soft tissue
tumors in the head and neck and pelvis MRI guided LITT allows an excellent local
tumor control rate and reduces clinical symtoms in a palliative manner.

Conclusions: Percutaneous MR-guided LITT permits a high level of tumour control in
the case of liver metastases and soft tissue tumors smaller or equal to 5 cm and a

maximum number of 5 lesions with an improvement of survival data.

Key words: Liver metastases, laser ablation, thermotherapy, LITT, radio-frequency

ablation.



I ntroduction
The liver as a large solid organ is very suitable for interventional modalities, due to a

short transcostal access and its excellent functional capacity. It is the most common
site of metastatic tumor deposits, especially for colorectal cancer, which is the third
leading cause of death in Western Communities, outnumbered only by lung and
breast cancer []. At the time of death, approximately two-thirds of patients with
colorectal cancer present liver metastases [79]. As a high number of metastases
grow in the liver, new treatment protocols are currently under investigations. Laser-
induced thermotherapy (LITT) has recently applied for a minimally invasive technique
in local treatment of liver metastases []. Percutaneous approach avoiding
laparatomy, local anesthesia, and an outpatient therapy management are the main
advantages of this new kind of therapy modality.

Laser energy is transmitted via thin optical fibers resulting in a well defined area of
coagulative necrosis. That means a destruction of tissue by direct heating, while
greatly limiting damage to surrounding structures []. Magnetic Resonance Imaging
(MRI) has proven as an ideal clinical instrument for the exact positioning of the
optical fibers in the target area, real time- monitoring of the thermic effects and the
subsequent evaluation of the extent of induced coagulative necrosis [J.A large
number of primary tumours often cause liver metastases as well as bone, lung and
brain metastases. After curative sanitation of the primary tumour, the liver infestation
has a decisive influence on the survival time of affected patients in many cases. The
therapeutic strategy for malignant liver lesions is based on a number of factors such
as the underlying primary tumour, localisation, the stage the tumour has reached,
and general factors, such as age or any existing concomitant ilinesses. In the case of
hepatocellular carcinoma (HCC), when the tumour is at a appropriate stage, liver
resection or hemihepatic resection or liver transplant is the essential curative
treatment. If there are contraindications, transarterial chemoembolisation combined
with a local alcohol injection is used as a palliative therapeutic strategy. Interstitial
procedures such as laser-induced thermotherapy (LITT) show a high rate of

controlling the site of the tumour and are currently being clinically evaluated.

Strategies for liver metastases are considerably more complex. Up to now the liver
resection of solitary lesions has been the only potential curative treatment. However

the high rate of intrahepatic relapses and a possible potentising of the intrahepatic



growth in metastases within the framework of tumour stimulation through released
growths stimulating substances is considered problematical. For this reason, over the
last few years there has been great interest in further developments in interstitial

procedures such as laser coagulation or radio-frequency ablation.

Interstitial treatment produces a circumscribed coagulation necrosis, sparing the
surrounding structures as much as possible. Percutaneous access, local
anaesthesia and out-patient therapy management are the considerable advantages
of this minimally-invasive procedure, which offers a curative or palliative treatment

option to patients who are already under a great deal of stress.

In the following overview, we will present the methods, findings and treatment
strategies for interstitial therapeutic measures for malignant liver and soft tissue

tumours, focusing on liver metastases and the primary hepatocellular carcinoma.

Laser application techniques

LITT makes available a photothermal tumour destruction technique, permitting solid
tumour configurations inside parenchymatous organs to be destroyed. The
expansion of the tissue-destroying effect is dependent on the choice of the radiation
capacity and radiation time. This means that the parameters must be pre-selected in
such as way that all tumour cells, if possible, are exposed to the coagulative effect
and there must also be a safety margin of at least 10 mm in width. At the same time
it must be taken into account that within the immediate vicinity of a tumour there may
be other sensitive structures which must not be damaged. Selecting the right laser is
based on the following points: an optimal depth effect in a tissue, which is
determined by the absorption properties of water and haemoglobin, can be achieved
with a wave length between 1060 and 1200 nm. ND:YAG and semiconductor lasers
of the wavelength 1060 nm or 900 nm fulfil these requirements. The ND:YAG laser is
the solid state laser used most often and comes with a wavelength of 1064 nm. The
laser can be both pulsed and operated continuously and supplies output power of up
to 100w. The tissue-dependent penetration depth of the photons is an essential
parameter of the absorption in different depths of tissue layers. The range of the
resulting increase in temperature is not restricted to the optical penetration depth, but
is substantially extended by thermal conduction processes. Normal cells are less

sensitive as regards thermal exposition, malignant cells show a significantly higher



sensitivity. The altered metabolic status of malignant cells with pronounced hypoxia

causes this high sensitivity.

In order to do justice to the coagulation of a 3-dimensional tumour geometry, it must
be possible to heat an approximately spherical volume of tissue at the same time.
For this reason application systems of defined space radiation characteristic have
been developed, the distal ends of which are prepared in such a way that the result
is an even circumference of radiation. With the conventional applicators almost
spherical coagulation zones with a diameter of 20 — 25 mm can be achieved. Apart
from the applicator geometry, the radiation capacity and radiation time are crucial
parameters for the dimensions of the coagulation zone, as are the specific tissue

properties such as optical parameters or perfusion rate.

The temperature-dependent effects of the laser light on the tissue are defined as
enzyme induction, oedema formation and membrane relaxation in a temperature
range of 40 to 45°C. From 60°C protein denaturation takes place, from 80°C

collagen denaturation as far as drying and over 150°C carbonisation.

Applicators and application techniques

Tissue carbonisation must be avoided at all costs in order to achieve large-volume
coagulation zones and to be able to guarantee a safe application. The critical value
is a power density of approx. 5 watts/cm?, Depending on the applicator this means
laser power of 3-10 watts. At this point the migration of the photons deep into the
tissue through absorption into the resulting "carbon layer" is impeded and only "a hot
spot" is produced. The only heat diffusion that is still active limits the LITT zone to a
small volume (diameter of 1 cm). In order to avoid this carbonisation effect which
greatly reduces the volume, a dome-shaped applicator ("scattering dome") was
developed. The optimised radiation characteristic of the scattering dome applicator
used here is used to achieve a maximum penetration depth of the photons into the
tissue. Because of absorption and convection processes occurring there, additional
heat propagation results in deeper tissue layers and hence a virtual "expansion” of
the applicator, through which the diffusion processes of the heat propagation
become dominant. It is technically easy and also more effective to adapt the scatter
applicator to the given therapeutic situation (fig. 1). Radiation times over a period of
30 minutes do not lead to any substantial additional expansion of the damaged

tissue volume (diffusion equilibrium).



Application techniques

An essential step in clinical laser-induced thermotherapy (LITT) is the development
of application systems that can be applied percutaneously, and can also be used for
laparoscopic or operative procedures. First a conventional system was available,
consisting of a scattering dome applicator, a sluicing system and a thermostable
sheathed catheter, via which the LITT applicator can be positioned sterile and as

required (fig. 1b).

By further developing the irrigated application system [3] a further expansion of the
laser-induced necrosis was achieved and hence an optimisation of the treatment.
This system has been developed from a 9 French sluicing system with centimetre
markings and a 7 French sheathed catheter with irrigated double lumina. A sterile
common salt solution at room temperature is a proven irrigation medium. With a
pump system integrated into the laser, irrigation rates of 30 to 60 ml per min can be

reached and thus a reliable cooling of the applicator zone achieved.

The following application techniques permit further treatment optimisation: for the
mono-application an application system is placed in the lesion by percutaneous

access and after an application of heat it is removed again.

A method of modifying the size and morphology of the necrosis is a multi-application
with unifocal access ("pull-back” technique). The applicator is withdrawn through the
single percutaneous access point after the end of the first heat application by 1 to 2

cm in the puncture track and a further heat application is carried out.

As well as mono-applicators, multi-applicators are also used (multi-applications with
multi-focal access). Here 2, or even up to 4, applicators are laid parallel and
operated simultaneously. Prerequisites are the corresponding number of laser
devices or beam splitters. In this way the treatment of larger malignant lesions can
be speeded up substantially. The disadvantage however is the higher number of

punctures required.

Treatment monitoring

According to findings so far magnetic resonance tomography (MRT) and the MR

thermometry (MRTE) is the optimum imaging procedure for treatment monitoring.



This is based on several factors such as multiplanar representation and the high soft
tissue contrast of MRT.

Because numerous image characterising MRT parameters such as perfusion or
diffusion are temperature-dependent, in principle sequences that emphasise these
parameters can be used for non-invasive temperature measuring. These parameters
include the diffusion coefficient of the water, the photon resonance frequency or
chemical shift and the T1 relaxation time. Due to the relatively low sensitivity with
regard to movement artifacts, their wide availability and speed of data acquisition,
thermosensitive T1-weighted MRTE sequences are applied for the clinical
implementation of LITT in the area of the liver. The longitudinal or spin-lattice
relaxation time of a tissue is temperature-dependent, in that a local rise in
temperature results in a signal drop in the MRT-image. In vivo examinations and the
findings of our team and other teams showed a virtually linear correlation between
the drop in signal in the image and the temperature. Appropriately weighted gradient
echo sequences (FLASH and Turbo-FLASH) with measuring times between 6 and
15 seconds in breathholding technique have proved suitable to represent the laser-
induced temperature changes in the range between 60 to 110°C.

Before and after LITT a test certificate of T1 and T2-weighted spin echo and gradient
echo sequences is used for treatment planning and control. In addition contrasting
agent aided (0.1 mmol GD-DTPA per kg of body weight) T1 weighted sequences are
used (fig. 3).

Computer-aided treatment planning, which has been expanded through in vivo
comparative tests, is available for further treatment optimisation. This makes it
possible to calculate the optimum parameters for radiation capacity and radiation
time for each individual fibre before actually carrying out the laser treatment. The
progress of the current temperature and irreversible damage distribution can be
represented at the same time as the progress of the treatment by means of real-time
simulation, so that by means of magnet resonance tomography indirect "monitoring"
is available as an extension of virtual on-line monitoring. Implementing and
evaluating computer-aided thermoplanning for LITT applications is costly however,
because the expected irreversible damage zone depends on various parameters in a
complex way. Influencing factors are laser capacity, radiation time, applicator

characteristics, optical and thermal tissue parameters such as tissue perfusion and



blood flow. Initial applications of this kind of system lead us to expect a further
improvement in precision during the treatment.

Indications

The primary therapy goal is defined as the local tumor control in patients with
restricted hepatic malignant tumor deposition. A majority of patients is suffering from
liver metastases of colorectal cancer, but also solitary hepatic manifestations from
other primary tumors, like breast cancer, carcinoids and others are treatable.
According to our inclusion criteria patients who are eligible for this treatment have
less than 5 lesions with a maximum diameter of 50 mm, are unfit for surgical
resection, do suffer from irresectable tumors in both hepatic lobes or refuse surgical
resection. Patients after a partial resection of one hepatic lobe developing a new
lesion in the remaining liver part are also suitable for this therapy. Basic requirements
for this treatment are the complete resection of the primary tumor and absence of
extrahepatic metastases.

LITT of liver tumors:

max. 5 lesions

max. diameter of 50 mm

patients with tumor recurrence after surgery, radiatio or chemotherapy
new metastases after liver resection

no response to chemotherapy

metastases in both liver lobes

lesions in high risk locations, e. g. near the bile duct

LITT as replacement of the oncological therapy in case of patient refusal

LITT of soft tissue tumors:

Tumor recurrence in the head and neck region

Tumor recurrence in the pelvis

Lymph node metastases in the abdomen, the head and neck region and the
retroperitoneum

Criteria for Exclusions

extensive extrahepatic tumor spread
contraindications for MRI (pace-maker)

ascites, apparent infections, coagulation disorders
diffuse and multiple pattern of metastasis
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Comparison with alternative methods

Surgery: Surgical resection of liver metastases is still considered as one of the best
options for a radical treatment of malignant tumors, but only 20% of the patients are
suitable for surgical resection. Clinical conditions like the presence of lesions in both
hepatic lobes or the reduced clinical condition of a patient exclude surgical treatment.
Additional liver surgery is associated with a mortality rate of approximately 3-8%. But
the main problem is tumor recurrence after surgical resection of up to 70%. Only in
some selected cases the re-resection is possible, so that the further surgery is
restricted for the majority of patients [1, 4, 6, 7, 13, 14, 21, 22, 25, 27, 28, 44, 52, 61,
63]. MR-guided LITT offers the option of several retreatment courses. For new
hepatic lesions the same inclusion criteria are applied like at the time of the initial
LITT.

Percutaneous alcohol injection (PAI): MR-guided ethanol ablation is used to
reduce tumor bulk and cancer pain, but mostly in low risk regions and has been used
especially to treat hepatocellular carcinoma (HCC). Among the limitations of this
technique is the lack of an instrument for monitoring the effects induced in both
normal and pathological tissue. Comparisons between interstitial laser coagulation
(ILP) and percutaneous alcohol injection (PAI) to treat colorectal hepatic metastases
have shown, that there were no major complications after ILP or PAI, but that pain
during PAIl was more severe and also the efficacy for tumor control was lower [2, 37,
40, 65, 66]. In summary alcohol injection is an accepted therapy method for small
HCC-nodules, but no treatment option for metastases.

Cryosurgery: At present cryosurgery is carried out using laparatomy and ultrasound
guidance. Single and multiprobe arrays are possible. Tumor tissue will be freezed
less than —190 degrees and defrosted. The double freezing technique is resulting in
a reliable destruction of tumor cells. Inclusion criteria are similar to LITT concerning
size and number of lesions. Cryosurgery under MR-guidance has been investigated
in animal studies and MR imaging is promising here for real-time monitoring of the
progress of freezing and thawing during cryosurgery. Drawback is the need for
laparatomy with its complications, thatsway the minimal invasive aspect is missing.
Hospital stays about 7 to 10 days are normally [5, 8, 15, 33, 47, 49, 54, 60, 69, 78,
81, 82].



Radiofrequencyablation: Radiofrequency (RF) ablation is an other modality for
thermal coagulation of tumor tissue. Heating is caused by a high tissue impedance
between two applicator tips. Solbati demonstrated currently the feasibilty of tumor-
destruction with conventional and cooled-tip monopolar RF-electrodes in patients
with metastatic gastrointestinal carcinomas[67]. The studies included up to 29
patients, treated with mono- and multiprobe arrays and also with liquid cooled-tip
techniques. The same inclusion criteria are applied, but there are problems with the
monitoring technique. Interferences between the RF-applicators and the MRI device
prevent an sufficient imaging [20, 35, 36, 38, 39, 42, 58].

Focused ultrasound: Noninvasive surgery using focused, high-intensity ultrasound
beams was first proposed as a therapeutic modality for destruction of central nervous
system tissue. Recently, a novel solution was demonstrated for real time monitoring
of focused ultrasound using only MR imaging for visualizing the temperature
elevation during sonication and for delineating regions of tissue necrosis. This
promising modality is actually under in vitro evaluation for soft tissue tumors in the
brain and the breast. Problems are the rapid increase of temperature and to reach
larger volumes with a small focus [9-11, 24, 50, 77]. So far focused ultrasound has
no indication for treatment of liver metastases due to breathing artefacts.
Transarterial chemoembolization (TACE): The transarterial chemoembolization is
defined as a local hepatic deposition of chemotherapy via tumor providing vessels
and a transfemoral entry for the treatment of HCC-nodules and hepatic metastases
of neuroendocrine tumors. In other liver metastases there is a palliative intention to
reduce tumor bulk and to decelerate tumor progression. Indication is justified due to
low percentage of side effects, outpatient managment and nearly no impairment of
the quality of life [41, 59].

Systemic and regional chemotherapy: All above mentioned techniques are
restricted regionally to the liver, so the adjunct use of systemic chemotherapy is
essential in most cases. Protocols, doses and intervals are depending on the primary

tumor and data from staging.
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Results

In vitro studies:

In vitro studies using pig liver demonstrated reproducible loss of signal intensity in
MRI corresponding to increasing tissue temperatures. Using an energy of 5 Watt and
an application time of 12 min, the maximum diameter of the region with signal loss
was 25 mm. This effect was best monitored using the Thermo-TurboFlash sequence
at Tl-values of 300 to 400 ms, providing a nearly linear, inverse correlation between
signal intensity and temperature as well as the Thermo-FLASH-2D sequences.

A mean size of necrosis of 2 cm® of a ellipsoid morphology may be achieved by an
application time of approximately 20 minutes and a power of 5-6 W using one
applicator system. There are two possibilities of enlarging the necrosis: First the
pullback-technique, which allows a more longitudinal enlargement of necrosis and
second the multi-applicator-technique. The positioning of two or three applicator
systems results in a necrosis size up to 17 cm?.

The use of an internally cooled power laser applicator at power settings between 25
and 30 Watt over 10 to 20 minutes additionally results in a significant enlargement of
the obtained coagulative necrosis.

Patients:

So far from 1993 to october 2000 we treated 729 patients with a total of 1707 liver
metastases of colorectal carcinoma, esophageal, gastric, pharyngeal, testicular and
pancreatic tumors. A total of 7470 laser applications were performed. The laser-
induced necrosis was quantified by comparing the pre- and posttherapeutic plain-
and contrast-enhanced MR-images. Parameters like size, morphology and contrast
enhancement were directly compared to pre-therapeutic MRI. Successful therapy is
defined by a geometric shaped necrotic area without enhancement in the adequate
topographic position and reliable safety margin.

Local tumor control rates for data from 1997 to 2000 are 98,1% after 3 months and
97,3% after 6 months in liver lesions smaller than 50 mm. Mean survival time for all
patients is 45 months using the Kaplan-Meier method (95% confidence interval: 40,9
to 49,2 months, median 39,8 months, maximum survival 74,6 months) (fig. 1).

The most homogeneous patient group are patients with hepatic metastatases of
colorectal primaries. Mean survial time is 42,6 months (95% confidence interval: 37,7
to 47,5 months, median 36,7 months) (fig. 2).
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Survival did not differ significantly (p>0.05) between male and female patients, nor
between patients with colorectal metastases and those with metastases of other
primary tumors.

Complications:

All patients tolerated the procedure under local anesthesia well. The following side
effects could be visualized on clinical examinations or imaging studies: pleural
effusion in 7.28%, subcapsular hematoma in 2.46%, intrahepatic abscess in 0.11%,
intraabdominal bleeding in 0.11% and local infection on punctering side in 0.2%. All
complications except the following were clinically not relevant and only visible on
imaging studies. In 0.36% of the cases the pleural effusion had to be treated by
percutaneous drainage. 3 patients died within four weeks after LITT. 1 patient has
operated for the suspiction of a colonic perforation.

Head and neck and extrahepatic tumors:

26 patients (8 woman and 18 men, mean age 64 years, range 57-77 years) with
recurrent tumors of the head and neck were treated with LITT. In all patients the
primary tumor was located in the head and neck region. In the majority of patients
there was a recurrent squamous cell carcinoma. Two patients with pleomorphic
adenoma in the parapharyngeal space were treated for tumor recurrence after
primary surgery. All patients tolerated the procedure well under local anesthesia. No
side effects were observed. The procedure was judged a being successfully
performed if postinterventional MRI revealed a sharply delined nedrosis exceeding
the pretherapeutic tumor. The evaluation of subjective and objective clinical
symptoms of the patients was done in each control examination. A relevant reduction
of clinically important symptoms, such as pain, was observed in 11 patients, and a
reduction of swallowing problems and symptoms of nervous compression in 6
patients.

In other group of 14 patients abdominal tumorous lymph node involvement or
recurrent primary pelvic tumors had been successfully treated using MRI-guided
LITT. In this minor group of patients we had been able to reduce clinical symptoms in
68% of the patients.
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Discussion

The liver is one of the most frequent deposits of tumor cells, so a lot of therapeutic
strategies are accessed or are currently under investigation. At the time of death
approximately two-thirds of patients with colorectal cancer do have hepatic
metastases [73, 79]. At present surgical resection of hepatic metastases is the well
accepted method for curative treatment for this kind of cancer, if extrahepatic spread
is excluded. But only 20 % of patients are candidates for resection according to
clinical conditions like presence of lesions in both hepatic lobes or extrahepatic tumor
spread or a poor clinical status [16, 18, 27, 29, 43, 51, 53, 56, 62, 63, 68]. Surgery is
associated with a mortality rate of approximately 5% and actual studies show, that
two-third of patients develop recurrences in the remaining liver part [21, 23, 26, 28,
70, 71]. So the development of alternative treatment methods is required, which are
discribed in the chapters above.

Ultimate goal of the MR-guided LITT is defined by one hundred percent of local
tumor control. There is no effect to the surrounding tissue and the MRI online
thermometry allows an exact guidance of the interventional procedure. MRI provides
unparalleled topographic accuracy due to its excellent soft tissue contrast and high
spatial resolution. Therefore the early detection of local complications like bleeding
and hemorrhage and treatment effects like coagulative necrosis is possible. Dynamic
contrast-enhanced MR-images represent the superior parameter for the evaluation of
the treated lesions especially for the short-and long term evaluation [12, 17, 30, 49,
57, 64, 74].

In the literature Stangl followed up 1099 consecutive patients with colorectal liver
metastases [68]. 566 of whom (51,1 %) received no treatment for their hepatic
metastases; 340 (31%) underwent hepatic resection; 123 (11,2 %) received regional
chemotherapy; and 70 (6,4 %) received systemic chemotherapy. Thirty-four patients
died within 30 days as a result either of postoperative complications or advanced
disease; 48 were excluded, because they developed a second primary cancer. After
hepatic resection, 60 % of all patients survived five years (median survival 30
month). In patients who underwent regional or systemic chemotherapy, the median
survival was 12,7 and 11,1 month, respectively. In the untreated group, 31,3 % of the
patients were alive at one year, 7,9 % at two years, 2,6 % at three years and 0,9 %

at four years. Considering these data our results are comparable to those of surgery.
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Lack of perioperative mortality, low rate of side effects combined with an outpatient
management are responsible for high patient tolerance.

Patients with irresectable liver tumors need a multi-modal therapy concept in
palliative intention, while preserving a good quality of life. LITT alone or combined
with systemic or locoregional chemotherapy, transarterial chemoembolisation and
surgical resection does improve local tumor control and the tumor-free survival in
patients with several primary tumors.

Conclusions

The percutaneous MR-guided interstitial laser induced thermotherapy (LITT) of
malignant liver tumours is a reliable treatment concept for destroying tumours
palliatively and is also potentially curative. Here the treatment concept must be
differentiated according to the underlying histology: for hepatocellular carcinoma a
local ablative procedure instead of or in combination with the local alcohol installation
(PEI) or the transarterial chemoembolisation (TACE) can be used. According to the
latest studies local procedures such as radio-frequency ablation and laser therapy

(LITT) permit reliable local tumour control in the case of HCC.

In the case of liver metastases the therapeutic situation must be discussed within the
context of the primary tumours. Today using MR-guided LITT for liver infestation
restricted to a local area without extrahepatic manifestations can be justified
clinically. Magnet resonance tomography proves to be an indispensable tool for
monitoring and controlling percutaneous LITT. MRT is used both for monitoring and
controlling complete tumour removal and also for the follow-up process and is proven
to be the optimum examination procedure in assessing very small tumour

manifestations.
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Figures
Fig..1a

The mean survival time in the total population of patients with liver metastases is
48.0 months (95% confidence interval: 44.4 — 52.8 months).
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Fig.. 1b

For patients with liver metastases from a colorectal carcinoma the mean survival time
is 41.8 months (95% confidence interval 37.3 — 46.4 months).
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Fig.. 3a

35-year old female patient with liver metastasis from a colorectal carcinoma (initial
tumour stage pT3, N1, M1l). The T1l-weighted thermosensitive gradient echo
sequence in axial tomographic orientation shows the metastasis in liver segment 8
before starting the laser
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Fig.. 3b

T1-weighted thermosensitive gradient echo sequence in axial tomographic
orientation in the 1% minute. Clear drop in the signal intensity in the heated area.
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Fig.. 3c

T1-weighted thermosensitive gradient echo sequence in sagittal tomographic
orientation in the 3" minute. Clear drop in the signal intensity in the heated area.
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Fig.. 3d

T1-weighted thermosensitive gradient echo sequence in sagittal tomographic
orientation in the 7" minute. Clear drop in the signal intensity in the heated area.

28



Fig.. 3e

T1-weighted thermosensitive gradient echo sequence in sagittal tomographic
orientation in the 16" minute. Clear drop in the signal intensity in the heated area.
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Fig.. 3f

T1-weighted thermosensitive gradient echo sequence in sagittal tomographic
orientation in the 20" minute. Clear drop in the signal intensity in the heated area.
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Fig.. 39

T1l-weighted spin echo sequence in axial tomographic orientation after the
administration of gadolinium-DTPA (0.1 ml per kg body weight). Sharp demarcation
of the LITT-induced necrosis with a safety margin surrounding the lesion.
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