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In this two-part series, Sune and Ka- 
tarina Suanberg and co-workers focus 
on the spectroscopic aspects of laser 
w e  inseueral emergingapplications of 
medical importance. Part I, which ap- 
peared in the December 15 issue (l), 
surveyed laser techniques for atomic 
and molecular anatyses of samples of 
clinical interest, spectroscopic analy- 
sis of the laser-induced plasma ob- 
tained when a high-power pulsed laser 
beam interacts with tissue, and the use 
of tumor-seeking agents in combina- 
tion with laser radiation to  provide 
new possibizities for malignant tumor 
detection and treatment. 

In Part 11, we describe the use of laser- 
induced fluorescence (LIF) for tumor 
and plaque diagnostics. The diagnostic 
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potential is increased by including the 
temporal characteristics of the fluores- 
cence decay. The extension of point 
monitoring to imaging measurements 
also is described, together with impli- 
cations for practical clinical work. 
Tumor diagnostics using LIF 

LIF studies are performed in a laser 
regime where no change in the tisaue is 
induced. The photon energy is chosen 
sufficiently below the limit for DNA 
photodissociation to avoid mutageni- 
city. 

LIF has proven to be useful for diag- 
nostic purposes, and early work was re- 
ported by American (2,3) and Chinese 

radiationless relaxation to the bottom 
of the excited band then occurs on a 
picosecond time scale. The molecules 
remain here for a typical lifetime of a 
few nanoseconds. Fluorescent light is 
released in a broad band, which does 
not normally exhibit any sharp fea- 
tures. Intersystem crossing to the trip- 
let state, intemal conversion, and the 
transfer of energy to surrounding mole- 
cules are strongly competing radiation- 
less processes. Tissue containing hema- 
toporphyrin derivative (HPD) mole- 
cules will exhibit sharp spectral 
features in the red spectral region. 

In exploiting tissue LIF for medical 
diagnosis, it is useful to start with de- 
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( 4 4  groups as well as by our research 
group (7,8). The ground state and the 
first excited electronic levels of large 
molecules such as biological ones me 
broadened by vibrational motion and 
interactions with surrounding mole- 
cules. Thus, absorption occurs in a 
broad band, allowing a fixed-frequency 
laser such as the nitrogen laser (X = 337 
nm) to be used for the excitation. A 

tailed laboratory studies of tissue sam- 
ples. In most of our studies, a N2 laser 
emitting 5 4 s  pulses at  337 nm has 
been employed for excitation; a XeCl 
excimer laser (A = 308 nm) and an ex- 
cimer-pumped dye laser have also been 
used. The radiation is directed onto the 
sample by mirrors. Fluorescent light is 
collected and directed to an optical 
multichannel analyzer system that 
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Figure 1. Fluwescence data obtained with 337-nm excitation in a s c a n  over a tumor in the brain of a rat that received 1 mglkg 
body weight Fhotofrin II (dihematoporphyrin etherlester) prior to the investigation. 
Len: Fluoreac~ lu~  rpeceum of the cantral Mlor io shown with IIwescsnce ImeMnies A. A'. and 0. RQhk F I w w a n c e  wmum of the m(tS0ted normal 
svmunding brain tlstue. Note the different lmensily scales. Functions of the nwBMX)nce intensitas ahmg the scan am pressmed in the center. ~Asaptsd wlth 
permlsbn hwn Reference IO.) 

captures the entire fluorescent light 
distribution for every laser pulse. The 
system incorporates a gated image-in- 
tensified diode array detedor that is 
placed in the focal plane of the small 
spectrometer. The detector gating, 
normally set to 500 ns, makes it possi- 
ble to suppress continuous background 
light while collecting all fluorescent 
light. Spectra can be stored on floppy 
disks and printed out on paper. Fluo- 
rescence intensities are measured ac- 
cording to a standard. 

For clinical fluorescence studies we 
have used a similar system that is 
equipped with a fiber-optic probe. 
Light from a Nz laser or a dye laser 
pumped by the fixed-frequency laser is 
focused into WO-hm-diameter quartz 
fibers via a dichromic beam splitter 
that reflecta the W light but transmits 
all visible radiation. Fluorescent light 
from the sample is collected by the 
same fiber and is directed to the en- 
trance slit of the optical multichannel 
analyzer system. The fiber can be in- 
serted through the biopsy channel of an 
endoscope for investigations of corpu- 
lar lumina (9). 

As a first illustration of tissue diag- 
nostics, data from a fluorescence scan 
through an experimental malignant 
brain tumor in a rat are shown in Fig- 
ure 1 (10). The animal received an in- 
jection of dihematoporphyrin ether/ 
ester (DHE) corresponding to 1 mg/kg 
body weight before the investigation. 
The recorded spectrum on the left 
shows a clear signature of DHE in the 
600-700-nm wavelength region that 
was obtained using 337-nm excitation. 
In the right-hand part of the figure, the 
HPD signal is absent in normal brain 
tissue. In addition, the bluish auto- 
fluorescence is strongly reduced in the 
malignant tumor tissue. 
To display these observations more 

quantitatively, the intensity at 630 nm 
was evaluated as the signal A'. By sub- 
tracting the background, we obtain the 
intensity A; the blue fluorescence in- 
tensity at 470 nm is denoted by B. In 
the plot the strong contrast enhance- 
ment obtained by using the back- 
ground-free intensity A is demonstrat- 
ed, and the decrease in the autofluores- 
cence intensity is clearly displayed. By 
forming the ratio A B ,  contrast can be 

further improved, as illustrated in Fig- 
ure 1. Such a ratio forms a dimension- 
less quantity, which has the attractive 
feature of being independent of surface 
topography and variations in distance, 
excitation, and detection efficiency. 

We have performed extensive stud- 
ies in tissue fluorescence diagnostics in 
rats(7,8,1r%l3)toexploretheeffectof 
drug uptake and retention, tissue auto- 
fluorescence, and optimization of exci- 
tation wavelength. We have also com- 
pared the tumor-marking capability of 
different sensitizers. As an example, 
fluorescence spectra from tumors in 
rats injected with 15 mgkg body 
weight are shown in Figure 2 for 
337-nm excitation (13). An interesting 
feature of polyhematoporphyrin ester 
(PHE) is that the fluorescence peak is 
found further to the red compared with 
the other porphyrins. PHE is a highly 
aggregated and stable substance, 
whereas DHE still contains a suhstan- 
tial fraction of monomers. This might 
indicate that PHE is not converted to 
monomers in tissue, which is probably 
the case for DHE. This theory is sup- 
ported in the study of HPD using the 
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