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After the extravasation of a therapeutic dose of '3'I-metaiodo-
benzylguanidine that produced a radiation burn to a patient’s
forearm, we instituted a catheter placement verification proto-
col. Methods: Before therapy infusion, proper placement is
verified by administering 37 MBq of 9°™Tc-pertechnetate
through the catheter, and monitoring activity at the administra-
tion site and on the contralateral extremity. A dosimetric model
describing both high-rate and low-rate dose components was
developed and predicted that the basal epidermal layer
received a radiation dose consistent with the observed moist
desquamation radiation skin toxicity. Results: No extravasation
incidents have occurred since the verification procedure was
instituted. Conclusion: To protect against radiation injury from
extravasation of therapeutic radionuclides, test administration
of a small ®*mTc dose with probe monitoring of comparable
sites in both upper extremities appears to be an effective pre-
ventive measure.
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As more intravenous radionuclide therapy procedures
are performed, particularly using high-dose B-emitters, ra-
diation accidents such as the one described here can occur.
The nuclear medicine physician administering therapeutic
radionuclides must recognize such unexpected events and
have the expertise to estimate the extent and severity of
potential complications.

A 76-y-old man with known metastatic carcinoid tumor
received an intravenous infusion of 11.1 GBq of !3!I-meta-
iodobenzylguanidine over 15 min through an angiocatheter.
The angiocatheter had been placed in the patient’s left fore-
arm 45 min before dose administration, which was unevent-
ful. There was no evidence of extravasation of the dose and
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no swelling; the patient felt no pain. However, after angio-
catheter removal, forearm swelling was noted. The timing
of the swelling led the physician to think that this was an
allergic reaction, perhaps a local reaction to the tape used to
anchor the intravenous catheter to the skin. The patient was
given 50 mg of diphenhydramine intravenously.

Approximately 4 wk later, the patient called to let the
nuclear medicine physician know that he had developed a
“rash” on his left forearm at the site of the intravenous dose
administration. The rash measured about 10 cm in length by
5 cm in width. He reported that his primary care physician
had suggested that perhaps there had been extravasation of
the dose at the time of the therapy administration and that
this was a radiation burn. With the patient’s concurrence, a
next-day dermatology appointment was arranged with the
Emory Clinic.

Telephone contact was maintained with the patient
weekly for the next 3 wk until the dermatology follow-up
appointment. The patient reported that the lesion was still
“angry looking,” red, or raw (Fig. 1) but that the dermatol-
ogist-prescribed high-dose steroid cream had eliminated the
discomfort and itchiness of the lesion. The lesion continued
to look angry and red for a couple of weeks and then
became dry, with a scaly appearance. On his final visit to
the dermatologist, he was told that the lesion would heal
and he would have some permanent discoloration at the
site.

Delayed nuclear medicine images obtained 7 d after the
therapy demonstrated persistent activity at the site of
extravasation (Fig. 2), with dimensions matching those of
the radiation burn.

In reviewing with the patient the events that led to the
skin lesion, he reported that the laboratory technologist who
inserted the angiocatheter had made several attempts to
insert the catheter.

Radiation injury after parenteral administration of radio-
pharmaceuticals is probably very rare, but several incidents
have been described in the literature (/,2). In the oncologic
nursing literature, the term extravasation denotes the exit
in tissue of chemotherapy solutions (vesicants) that may
produce extensive tissue damage, whereas infiltration
describes the exit into the tissue of chemotherapy solutions
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FIGURE 1.
therapy), with radiation skin injury demonstrating moist desquama-
tion.

Patient forearm, on follow-up visit (about 7 wk after

(irritants) that may produce a local reaction but do not
induce extensive tissue damage (3). Radiation injury can
lead to severe tissue damage. Thus, we propose that leakage
into tissues of radiopharmaceuticals administered in thera-
peutic dosages should be consistently referred to as extrav-
asation. This terminology is consistent with the language
used previously in reporting radiopharmaceutical-induced
radiation injury (2,4).

In this article, we present a simplified approach for
estimating radiation dose in cases of extravasation and a
method to prevent radiotracer therapy dose extravasation.

MATERIALS AND METHODS

Radiation Dose Model

Superficial veins are located in the dermis, the layer of skin
between the epidermis and the fat-rich hypodermis. Thus,
extravasation of hydrophilic radiopharmaceutical solution second-
ary to leakage from veins will spread through dermis, forming a

[Fig. 3] relatively flat source (Fig. 3). Based on prior experience with

FIGURE 2. Posttherapy scan of abdomen, with arm at side, dem-
onstrating persistent retention of radiotracer at site of extravasation
(500 cps).
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FIGURE 3. Putative distribution of radioactive source. Radioactive
extravasate (O) mixed with dermis irradiates basal/germinative epi-
dermal layer.

human and animal studies (5,6), we assume that the radiosensitive
component of the skin is the basal (germinative) layer of epider-
mis, which is separated from the dermis by a thin but relatively
impermeable basal membrane.

The dose to the epidermal basal layer has 2 components,
photons (long range) and B-particles (short range).

When the dermal radioactive collection is thicker than the
maximum B-particle range (3.45 mm for '3'T), the B-dose can be
approximated as half of the charged particle equilibrium dose
because a point on the basal layer receives [3-particles only from
half of the 41 solid angle surrounding it. The dose rate at charged-
particle equilibrium, per the Fano theorem (7), is equal to the mass
density of emitted -energy, and therefore:

Eqwx A

1
D =—-X
ose X oV

Eq. 1

where E,, is the average B-energy per decay (182 keV for '3'T), A
is activity, Vis the volume of distribution, and p is the basal layer’s
mass density, assumed to be 1 g/cm?.

As detailed in Appendix 1, for most radionuclides of thera-
peutic interest and reasonable source geometry, the photon dose
rate represents less than 10% of the B-dose. Because this is
significantly less than the level of uncertainty in extravasated
material absorption kinetics, we discount the photon contribution
to dose.

Preventive Methodology for Therapy Dose Injection

Conventional Approach. A 16- to18-gauge angiocatheter con-
nected to a 3-way stopcock is administered into an accessible
peripheral vein. Patency is assessed by infusing a test dose of
saline and checking for swelling at the injection site. Once patency
has been confirmed, infusion of the therapy !*!I-metaiodobenzyl-
guanidine dose is started (volume, 50-75 mL) and continued for
20-30 min until the infusion is complete.

Preventive Approach. After angiocatheter placement, a test
dose of about 37 MBq (1 mCi) of **™Tc-pertechnetate (or other
99mTc-radiopharmaceutical) is administered via the indwelling
angiocatheter. Counts are recorded using a y-probe over the arm
proximal to the venous access site and at a comparable contralat-
eral site.

RESULTS

Dosimetry
In human models of extravasation using small volumes
(5 mL), residual extravasate was still present at 42 min but
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was resorbed by 72 min (8). Given that in our patient, in the
worst case, the treatment dose (50 mL) and the saline flush
(10 mL) extravasated, a large amount of extravasate was
likely present in the dermis for 60—120 min. The resulting
extravasate thickness of 1.2 cm (60 mL/50 cm?), ensures
that charged particle equilibrium is a reasonable assump-
tion. The associated dose rate is:

11.1 GBqx 182 keV
2x60 mLx1g/mL’

Dose rate = Eq. 2

That is:

Dose rate = 0.16 Gy/min. Eq. 3
Thus, the patient received about 10-20 Gy during extrava-
sate resorption.

Additional irradiation resulted from persistent retained
activity at the site of extravasation, probably because of
incorporation of labeled !'3'T-metaiodobenzylguanidine in
dermal cells. The total detected activity in the area of infil-
tration (at 8 d) was 500 cps. Assuming a camera sensitivity
of about 10~* cps/Bq, this would represent an activity of
about 5 MBq. The 1-mm thickness of dermis is not suffi-
cient to assume charged-particle equilibrium but is compa-
rable to the '3'I B-particle range. Thus, using a 0.5 dose
reduction factor to account for the limited thickness of the
source, the initial dose rate was:

Eqx A

1
Dose = 1 X Eq. 4

We assume the activity to be distributed uniformly across
the area extravasated, with a surface of 50 cm? and the
previously assumed dermal thickness of 1 mm. Thus, per
Equation 4:

Dose rate; wk afeer therapy ~ 0.45 mGy/min. Eq. 5
As detailed in Appendix 2, under several assumptions of
clearance kinetics the dose arising from low dose rate expo-
sure will be:

D ~ 12 — 16 Gy. Eq. 6
Because of the very low dose rate, approximately 10% of
the lowest dose rate systematically evaluated in radio-
therapy (9), it is unlikely that this dose was the main cause
of patient symptoms. However, in experiments of radiation
injury to pig skin, a shallow dose-response curve was
observed for moist desquamation when low-dose-rate irra-
diation was added to radiation delivered at a high dose rate
(10). Therefore, persistent activity at the extravasation
site—as an added radioactive insult to the acute radiation
injury at the time of extravasation—Ilikely contributed to
our patient’s injury.

Therapy Dose Injection

The method used for the case presented here was the
conventional approach. Afterward, the preventive approach
was applied to all intravenous therapy administrations at
Emory. Probe monitoring proximal to the angiocatheter and
at a comparable site on the opposite arm has shown similar
counts, 1,000-2,000/min, with variations of less than 5%
between arms. In none of these subsequent cases has
extravasation of injected dose occurred.

DISCUSSION

Recent incidents in which medical errors led to clinically
apparent radiation injury have alerted the public and
governmental agencies to problems with quality assurance
(11-13) and have increased awareness of the need for spe-
cific measures to prevent radiation injuries.

The clinical course of skin radiation injury, its depen-
dence on the radiation dose, and a description of the relevant
pathology are summarized elsewhere (/4). As radiation
dose increases, the skin may develop erythema, dry desqua-
mation, moist desquamation, and ultimately necrosis.

Extravasation of dose resulted in a radiation injury that
led to moist desquamation of the skin in this patient, a
finding that fits better with the higher dose estimates. Our
assumed clearance rate is similar to previously measured
clearance kinetics of extravasated radiopharmaceuticals in
animal and human models (15,16).

In our model, the radiation dose to the basal epidermal
layer is proportional to the administered radiopharmaceu-
tical concentration. Therefore, administration of diluted
solutions can reduce the dose from gross dermal extrava-
sation of radiopharmaceuticals. From a radiation protection
perspective, shielding a smaller volume is easier, but
coinjection of normal saline for further dilution of extrava-
sated radioactivity may be considered.

Increasing the resorption rate will also decrease the
radiation dose. Clearance can be increased by elevating the
injection site and applying warm packs or compression
stockings. A modest reduction of 20% in radiation dose can
decrease skin reaction from moist desquamation to dry
desquamation.

Pharmaceutical intervention is another option for pre-
venting severe damage. Amifostine has been used in
radiation oncology to mitigate radiation injury to normal
tissue, in particular in head and neck malignancies. Thus,
amifostine could be considered if expertise in using this
agent is available.

From this experience, the following cautions are recom-
mended for all high-dose radionuclide therapy administra-
tions.

o If venous access is difficult, with multiple sticks, do not
use that access site to administer radionuclide therapy.

e Perform a test to ensure the absence of leakage at the
venous access site. To date, our clinical protocol has
prevented a repetition of the extravasation incident.
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e If the patient reports pain at the injection site or if
swelling is seen, stop the infusion and establish
another access site.

e If extravasation occurs, try to mitigate toxic effects by
elevating the arm, applying heat, and considering phar-
maceutical intervention.

CONCLUSION

Extravasation is a potentially serious complication for a
variety of intravenous radionuclide therapies. This risk can
be mitigated if the special precautions described in this
report are taken.

APPENDIX 1

Because diffusion in the dermis progresses more easily
along some directions than others, elliptic source geometry
might be closer to reality than circular source geometry.
However, for reasons of ease we chose to ignore this effect,
and we assume a circular shape for the radioactive source.

To obtain an estimate of the radiation dose due to
photons absorbed at a point, we start with the dose rate
due to a radioactive disk of radius R, thickness f, and
volumetric density of activity a at height & along the axis
of the disk. Ignoring attenuation, for the distances involved,
the dose due to a thin disk of thickness dh at distance &
from the point of interest can be written as the sum of
contributions from an annulus of radius R and thickness dR:

Ro

1
d(dose rate) = dhx [ anx—hx21-rR><dR, Eq. 1A

Jo RZ+ Y4

where I' is the dose rate constant for the photons of inter-
est. Then, the total dose rate at a point on the surface of the
disk is:

t z

Dose rate = 2 x I'xa x t x (1+In(Ry/1)). Eq. 4A

Our photon dose model has neglected the absorption
phenomena. However, once the distances in consideration
exceed the mean photon path length in tissue, N = 1/, any
further increase in photon dose is attenuated by these
absorption phenomena. Assuming a radius Ry = 1/ for
the source that participates with dose, the ratio of the pho-
ton dose to 3-dose can be written as:

Dose ratephoton « I'xtxpx(1+in(l/pnr))

=4
Efy

Eq. 5A
Dose rateg 4

Among the radioisotopes of major therapeutic interest,
only 13!, 133Sm, and '77Lu have significant y-emissions,
and °°Y, 89Sr, and 3?P can be regarded as pure B-emitters.
The ratio between the 2 doses is tabulated in Table 1A, for
isotopes with a y-emission component for infiltrate—tissue
mixtures of 0.5-, 1-, and 1.5-cm thickness. The table also
includes the ratio of photon dose to B-dose for positron
emitters of major interest. For the positron emitters, a
source (infiltrate) radius of 10 cm is assumed (because of
511-keV photon energy, 1/p. would exceed the limits of
human anatomy).

For a source thickness of 1.5 cm of !3!T and '8F, the
photon—to—3-dose ratio was verified using Monte Carlo
simulation. The system was modeled in Monte Carlo N-
particle code as a unit-density ellipsoid with the activity
surrounded by concentric ellipsoids of varying thickness.
Dose was scored in the ellipsoidal shells, with the midpoint
of a shell constituting the distance from the contained
source. Enough histories were performed to maintain the
uncertainties in the reported values to about 3%—4%.

R
Dose rate = [ I'xax 1n(h—?+1) x dh. Eq. 2A  APPENDIX 2
Jo ‘
We assume that the persistent extravasated activity is
For Ry >> h this approximates as: cleared with a monoexponential kinetic:
! A= )\p+)\3, Eq 6A
Dose rate = j 2xI'xax (InRy — Inh) x dh. Eq. 3A
0
where \p reflects physical decay and Ap reflects biologic
We obtain: clearance.
TABLE 1A
Ratio of Photon Dose to B-Dose
Collection thickness (cm) 131] 153Sm 77y 18F 88Ga 124
0.5 4.5% 1.3% 0.7% 10.5% 1.5% 7.2%
1 7.5% 2.0% 1.1% 17.4% 2.5% 11.9%
1.5 9.8%" 2.6% 1.5% 22.9%" 3.3% 15.6%

*Results verified by Monte Carlo simulation.

For B~ emitters, collections are assumed to have radius 1/p, where p is mass attenuation coefficient for dominant photon energy. For

positron emitters, collections are assumed to have radius of 10 cm.
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At 1 wk after the extravasation incident, an activity of
about 5 MBq was detected at the extravasation site. The
associated dose rate was about 0.45 mGy/ min. Assuming
constant source geometry, the dose rate to the skin basal
layer decreases exponentially:

Dose rate(r) = Dose rate(t;) x e ™), Eq. 7A
where we account for the evaluation of the dose rate at time
t, rather than time f,.

Then, the total dose is:

D= ] Dose rate(r;) x e ) x dr, Eq. 8A
0
which yields:
oM
D = dose rate(t;) x 5y Eq. 9A

The minimum for the dose (as a function of \) is when:

A= L Eq. 10A
|
Given a dose rate of 0.45 mGy/min 1 wk after

extravasation, the minimum dose will be 12 Gy.

Dosimetric studies of MIBG therapy demonstrated a
triexponential clearance, with the late clearance component
having a half-life of 100 h (/7). Using this value for the
biologic clearance half-life yields a total dose for the late
clearance component of 15 Gy.

Assuming no biologic clearance, (A\g =
slightly higher value of 16 Gy.

0) yields a
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