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Introduction: Ventilation/Perfusion (V/Q) PET/CT is an emerging imaging

modality for regional lung function evaluation. The same carrier molecules

as conventional V/Q scintigraphy are used but they are radiolabelled with

gallium-68 (68Ga) instead of technetium-99m (99mTc). A recurrent concern

regarding V/Q PET imaging is the radiation dose to the healthcare workers.

The aim of this study was to evaluate the total e�ective dose and the finger

dose received by the technologist when performing a V/Q PET procedure, and

to compare them with the radiations doses received with conventional V/Q

scintigraphy, FDG PET and Ga DOTATOC PET procedures.

Materials and methods: The whole body dose measurement was performed

10 times for each of the evaluated procedures using an electronic personal

dosimeter (ED). For V/Q PET and V/Q scintigraphy procedures, ventilation and

perfusion stages were separately evaluated. Internal exposure was measured

for ventilation procedures. Finger dosemeasurements were performed 5 times

for each of the PET procedures using Thermoluminescence (TL) pellets.

Results: The technologist e�ective dose when performing a V/Q PET

procedure was 2.83 ± 0.67 µSv, as compared with 1.16 ± 0.34 µSv for

conventional V/Q scintigraphy, 2.13 ± 0.77 µSv for [68Ga]Ga-DOTATOC, and

2.86 ± 1.79 µSv for FDG PET procedures, respectively. The finger dose for the

V/Q PET procedure was similar to the dose for a [68Ga]Ga-DOTATOC scan

(0.35 mSv and 0.32 mSv, respectively).
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Conclusion: The technologist total e�ective dose for a V/Q PET procedure is

∼2.4 higher than the dose for a conventional V/Q scintigraphy, but in the same

range than the radiation exposure when performing common PET procedures,

both in terms of total e�ective dose or finger dose. These results should be

reassuring for the healthcare workers performing a V/Q PET procedure.

KEYWORDS

radiation exposure, technologists, V/Q PET, V/Q scintigraphy, e�ective dose, finger

dose

Introduction

Ventilation/Perfusion (V/Q) PET is an emerging imaging

modality for regional lung function evaluation (1). V/Q PET has

demonstrated promising results in various pulmonary diseases,

including pulmonary embolism diagnosis (2, 3) radiotherapy

planning (4, 5) or preoperative evaluation for lung cancer

surgery (6, 7). Several larger prospective clinical trials are

also underway (NCT04179539, NCT03569072, NCT04942275,

and NCT05103670).

The rationale of V/Q PET imaging is straightforward (8).

The test uses the same carrier molecules as conventional V/Q

scintigraphy, i.e., macroaggregated albumin (MAA) particles

for perfusion imaging and aerosolized carbon nanoparticles

for ventilation imaging. However, they are radiolabelled with

gallium-68 (68Ga) instead of technetium-99m (99mTc), allowing

acquisition with PET, a vastly superior technology for image

acquisition (9). Various manual or automated processes have

been proposed to carry out [68Ga]Ga-MAA synthesis (10–

14). For ventilation imaging, preparing and administering

aerosolized 68Ga labeled carbon nanoparticles is very similar

than with 99mTc-labeled carbon nanoparticles. Indeed, adding

a 68Ga eluate instead of 99mTc eluate in the carbon crucible

of an unmodified commercially available TechnegasTM PLUS

generator provides carbon nanoparticles with similar physical

properties (15).

However, a recurrent concern regarding V/Q PET imaging

is the radiation dose to the healthcare workers (16, 17). Indeed,

positron-emitting radionuclides have high gamma photon

energy (511 keV) as compared to 99mTc radiopharmaceuticals

(140 keV). Thus, the whole body dose measured when using

PET radiopharmaceuticals is usually 2 to 4 times higher than

with 99mTc radiopharmaceuticals (18–21). This is of particular

concern for ventilation PET imaging as the TechnegasTM

PLUS generator is designed to shield the 140-keV gamma-

emissions of 99mTc and not the 511-keV gamma-emissions of
68Ga. Given that 68Ga labeled carbon nanoparticles preparation

requires operating the device during ∼10min, this may

question the radiation safety of the technologist. Finally, when

administrating 68Ga labeled carbon nanoparticles to the patient,

the technologist may inhale aerosolized particles, leading to

internal contamination.

The aim of this study was to evaluate the total effective

dose and the finger dose received by the healthcare worker

when performing a V/Q PET procedure, and to compare

them with the radiations doses received with conventional V/Q

scintigraphy, FDG PET and Ga DOTATOC PET procedures.

Materials and methods

Preparation and administration
procedures

V/Q procedures

Both V/Q scintigraphy and PET procedures comprises

two successive steps: the ventilation and the perfusion. The

ventilation step can be broken down into three successive stages:

the aerosol preparation, the aerosol administration, and the

PET acquisition, respectively. It is immediately followed by the

perfusion step which comprises labeled MAA administration,

PET acquisition and patient escort out of the department after

image acquisition. A summary of V/Q procedures and dose

measurement is presented in Figure 1. All these stages were

performed by nuclear medicine technologists.

V/Q PET

The aerosolized 68Ga-labeled carbon nanoparticles were

prepared using an unmodified TechnegasTM PLUS generator

(Cyclomedica Pty Ltd., Australia), following the commonly

used procedure (2, 8, 16, 17). Briefly, a 68Ga eluate (68GaCl3)

was manually introduced in the graphite crucible previously

humidified with 99% ethanol. After loading the crucible, the

standard process used to prepare technegas was followed. The

crucible was first heated for 6min at 70◦C during the simmer

stage, and was then heated to 2,550 ± 50◦C for 15 s in the

high purity argon atmosphere during the burn stage. In order to

increase the radioactivity contained in the aerosol, the crucible

was loaded 2 times before the simmer stage.

The aerosol delivery was performed using the technegas

administration system and a mask. Five to ten aerosol inhalation
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FIGURE 1

Summary of doses measurements for V/Q procedures: PET/CT and scintigraphy.

cycles were performed. The deposited activity in patient’s lungs

was monitored real-time during the aerosol administration by

measuring the activity over the chest with a collimated Geiger-

Müller monitor. During all the stage, the technologist was next

to the patient. During the aerosol inhalation cycles, a gas venting

system (LemerPax
R©
, France) was used to capture the aerosol

which could be released into the room.

Finally, the acquisition stage consisted in accompanying and

positioning the patient on the PET/CT bed. The technologist did

not stay near the patient during the acquisition time.

[68Ga]Ga-MAA suspension was prepared in the

radiopharmacy using an automated process (miniAIO
R©
,

Trasis). This stage was performed by the radiopharmacist and

was not included in the radiation dose measurement. [68Ga]Ga-

MAA were manually administered by direct intravenous

injection. The administration was done by the technologists

while the patient was still lying down on the PET/CT bed,

immediately after the ventilation PET acquisition. During the

acquisition time, the technologists did not stay in the same

room as the patient.

V/Q scintigraphy

The 99mTc-labeled carbon nanoparticles (technegas)

were prepared using a TechnegasTM PLUS generator,

following the instructions of the generator supplier. A
99mTc eluate (99mTcO−

4 , Na
+) was manually introduced in

the graphite crucible. Similar procedures as described for the

aerosolized 68Ga-labeled carbon nanoparticles preparation and

administration, and then image acquisition, were followed.

Similar to the perfusion PET/CT procedure, [99mTc]Tc-

MAA were prepared in the radiopharmacy. This stage was

not included in the radiation dose measurement. [99mTc]Tc-

MAAwere manually administered by the technologists by direct

intravenous injection. The radiopharmaceuticals administration

and the images acquisition were performed as previously

described for the perfusion PET/CT procedure.

[18F]FDG and [68Ga]Ga-DOTATOC PET/CT
procedures

[18F]FDGwas a ready to use radiopharmaceutical purchased

from CURIUM (Rennes, France). [18F]FDG was administered

by the technologists with a semi-automated injector RAD-

Inject
R©
(Tema Sinergie

R©
, Italy).

The [68Ga]Ga-DOTATOC previously prepared in the

radiopharmacy was manually intravenously administered by

the technologists.

A [18F]FDG or [68Ga]Ga-DOTATOC procedures

encompassed the time spent in administrating [18F]FDG

or [68Ga]Ga-DOTATOC, escorting the patient to the PET room

1 h after the radiopharmaceutical administration, positioning

the patient on the camera bed and escorting the patient out of

the department after image acquisition.

Protection devices

All syringes were delivered in a tungsten syringe shield

(Medisystem R©, France) with wall thickness of 5mm for
68Ga and 18F radiopharmaceuticals and 2mm for 99mTc

radiopharmaceuticals, respectively. To transport syringes

between the radiopharmacy, the labeled carbon nanoparticles

preparation room, the administration room or the camera room,

syringes were placed in tungsten carrying cases (LemerPax R©,

France) for gamma photon energy emitting radionuclides, with

wall thickness of 10mm for 68Ga and 18F radiopharmaceuticals

and 3mm thick for 99mTc radiopharmaceuticals, respectively.

To introduce the eluate into the TechnegasTM PLUS

generator crucible and to administrate the labeled MAA to
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the patient, syringes were placed in tungsten shield with wall

thickness of 5mm for 68Ga radiopharmaceuticals and 2mm for
99mTc radiopharmaceuticals, respectively.

Dose measurements

Radiation dose measurement was performed 10 times

for each of the evaluated procedures, i.e., V/Q PET, V/Q

scintigraphy, [18F]FDG PET scans and [68Ga]Ga-DOTATOC

PET scans. Finger dose measurements were performed 5 times

for each of the three PET procedures.

The whole body dose (= External exposure dose) was

measured for all evaluated procedures using an electronic

personal dosimeter (ED) EPD mk2 (APVL R©, France) placed

in the upper left pocket. For V/Q PET and V/Q scintigraphy

procedures, ventilation and perfusion stages were separately

evaluated. Technologists changed their ED between the

ventilation and the perfusion phases (see Figure 1).

Because of the preparation and the administration of

aerosolized labeled carbon nanoparticles, both internal and

external exposures were assessed for the ventilation stages (see

Figure 1).

Hence, in order to estimate the internal exposure dose of the

technologist due to the inhalation of aerosolized 99mTc- or 68Ga-

labeled carbon nanoparticles, the inhaled dose was evaluated by

collecting air sample from 5min before to 5min after the aerosol

administration stage. The air was collected on a cellulose and

glass fibers filter (collection efficiency up to 98%) with an aerosol

collector PA 2000 (Algade R©) at a flow of 33 L per minute. The

filter radioactivity wasmeasured immediately after the collection

for 200 s with a gamma spectrometer equipped with a NaI (Tl)

probe (Canberra R©) and calibrated for 99mTc and 68Ga.

The finger doses were measured using Thermoluminescence

(TL) pellets worn on both hands thumb and index finger tip

during all the procedures (see Figure 1). The received dose by

the irradiated TL pellets was determined by the manufacturer

(IRSN R©, France). The worst case-scenario was retained.

Dose calculation

Calculation of the effective doses was performed

as follows according to IRSN guideline (report

PRP-HOM/DIR n◦2015-00009).

The technologist total effective dose of the V/Q procedures

was calculated as follows:

Total E = E(ventilation internal exposure dose)

+ E(ventilation external exposure dose)

+ E(perfusion external exposure dose)

Where E was the effective dose expressed in mSv.

HP(10) value obtained from the ED was used as the dose

due to external exposure. The mean effective dose for each

procedures was used.

The effective dose due to ventilation internal exposure was

calculated as follows:

E(ventilation internal exposure dose) = I× h(g)

Where I is the Incorporation expressed in Bq,

h(g) is the effective dose per intake by inhalation

(µSv.Bq−1). For 68Ga, h(g) = 2.8 x 10−5
µSv.Bq−1, for 99mTc,

h(g)= 1.2× 10−5.

I was evaluated as follows by assuming that all the inhaled

air remained in the lungs:

I = d× t× c

Where: d= operator respiratory flow= 1.2 m3/h,

t=measurement time= 10 min,

c= 68Ga or 99mTc concentration in the air (Bq/m3).

The exposure doses results and time results were expressed

as mean ± SD. The Mann-Whitney test was performed to

statistically compare total effective doses and finger doses.

Results

Table 1 shows results of effective dose measurement of 68Ga

V/Q PET and 99mTc V/Q scintigraphy procedures. Table 2

shows technologists total effective dose and finger doses of 68Ga

V/Q PET, 18F FDG PET and 68Ga V/Q PET procedures.

V/Q PET

Mean activity of 68Ga eluate used to prepare labeled carbon

nanoparticles was 56.30± 8.42MBq.Mean activity of [68Ga]Ga-

MAA contained in the syringes was 49.24± 7.22 MBq.

The total exposure dose for the ventilation and the perfusion

procedures was 1.93 ± 0.60 µSv and 0.9 ± 0.3 µSv, respectively

(Table 1). The total effective dose of the V/Q PET procedure was

2.83 ± 2.67 µSv. The internal exposure was 0.22 ± 0.31 µSv.

The finger dose obtained in the worst case-scenario was 0.35mSv

(Table 2).

V/Q scintigraphy

Mean activity of 99mTc eluate used to prepare labeled

carbon nanoparticles was 582.0 ± 71.1 MBq. Mean activity

of [99mTc]Tc-MAA contained in the syringes was 170.9 ±

12.9 MBq.

The total exposure dose for the ventilation and perfusion

procedures was 0.75 ± 0.25 µSv and 0.41 ± 0.24 µSv,
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TABLE 1 Results of e�ective doses due to pulmonary ventilation and perfusion, and total e�ective dose according to the radionuclide used to

performed V/Q exam.

Ventilation Perfusion Total

External

exposure

dose (µSv)

Internal

exposure

dose (µSv)

Total

exposure

dose (µSv)

Total

exposure

dose (µSv)

Total

effective

dose (µSv)

V/Q PET Mean 1.71 0.22 1.93 0.90 2.83

SD 0.48 0.31 0.60 0.30 0.67

V/Q scintigraphy Mean 0.67 0.08 0.75 0.41 1.16

SD 0.26 0.09 0.25 0.24 0.34

TABLE 2 Technologists total e�ective dose and finger doses according to the exam performed, total process timing, and syringes mean activity.

Total effective dose (µSv) Finger dose (mSv) Process mean duration (min) Syringes mean activity (MBq)

[68Ga]Ga-DOTATOC 2.13± 0.77 0.32 66± 7 207.81± 52.80

[18F]FDG 2.86± 1.79 0.01 75± 9 231.88± 1.79.80

V/Q PET/CT 2.83± 0.67 0.35 68± 20 105.55± 8.59

[18F]FDG was injected with an automated injector.

respectively. The total effective dose for V/Q scintigraphy was

1.16 ± 0.34 µSv, significantly lower as compared with the total

effective dose of the V/Q PET Procedure (p < 0.001). The

internal exposure was 0.08± 0.09 µSv.

[18F]FDG process

The mean dose administered for a [18F]FDG procedure was

231.88 ± 70.91 MBq. Mean total effective dose of the [18F]FDG

PET process was 2.86± 1.79 µSv.

There was no significant difference between the total

effective doses of the V/Q PET and the [18F]FDG PET

procedures (p = 0.307). The finger dose obtained in the worst

case-scenario was 0.01 mSv.

[68Ga]Ga-DOTATOC process

The mean dose administered to the patient of 207.81 ±

52.80 MBq (Table 2). The total effective dose of the [68Ga]Ga-

DOTATOC procedure was 2.13 ± 0.77 µSv, without significant

difference as compared with the V/Q PET procedure (p =

0,043). The finger dose obtained in the worst case-scenario was

0.32 mSv.

Discussion

To the best of our knowledge, this is the first study that

assessed the radiation exposure to the healthcare worker when

performing a V/Q PET procedure. We found that the total

effective dose for a V/Q PET procedure was about 2.4 times

higher than the dose for a V/Q scintigraphy, but in the

same range than the radiation exposure due to a [68Ga]Ga-

DOTATOC or [18F]FDG PET procedure.

In our study, the technologist effective dose when

performing a V/Q PET procedure was 2.83 ± 0.67 µSv, as

compared with 1.16 ± 0.34 µSv for a conventional V/Q

scintigraphy procedure. Measured doses in this study for

conventional V/Q scintigraphy are consistent with literature

data. Indeed, whole body mean dose due to perfusion lung scan

with [99mTc]Tc-MAA was reported between 0.4 ± 0.2 µSv and

1.1 ± 1.2 µSv, as compared with 0.41 ± 0.24 µSv in our study

(19, 21). Few data about the internal dose due to ventilation lung

scan are available in the literature and values are very different

from one work to another. Indeed, internal exposures of 0.002

µSv and 0.17 µSv per ventilation lung scan were reported

(22, 23). The internal exposure of 0.08 µSv per ventilation lung

scan found in this study was in the range of this data.

The effective dose for a V/Q PET procedure was 2.4 times

higher than for a V/Q scintigraphy. This is also consistent with

literature data which mentioned a whole body dose from 2

to 4 times higher with positron-emitting radionuclides than

with radionuclides for conventional scintigraphy (18–21). As

compared with other PET procedures, the radiation dose for the

V/Q PET was of particular concern given that the 68Ga labeled

carbon nanoparticles preparation requires operating the device

during ∼10min and that the TechnegasTM PLUS generator

is not designed to shield the 511-keV gamma-emissions of
68Ga. Furthermore, the technologist inhale aerosolized particles

leading to internal contamination. However, we found that
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without adding a lead shield to the TechnegasTM PLUS

generator, the percentage of the total effective dose due to

the ventilation procedure was in the same range for V/Q

PET/CT and V/Q scintigraphy (68 and 65%, respectively). It

is worth noting that the higher energy of PET tracers is partly

counter-balanced by the lower activity handled for the V/Q PET

procedure: 56.30 ± 8.42 MBq of 68Ga eluate vs. 582.0 ± 71.1

MBq of 99mTc eluate for the carbon nanoparticles labeling, and

49.24 ± 7.22 MBq of [68Ga]Ga-MAA vs 170.9 ± 12.9 MBq for

the perfusion, respectively.

The radiation dose of the V/Q PET procedure should be

put into perspective with commonly used PET tracers. The total

effective dose of a V/Q PET (2.83 ± 0.67 µSv) was in the same

range than the dose calculated for other procedures performed

with high photon gamma energy emitters. Indeed, the total

effective dose for a [68Ga]Ga-DOTATOC and a FDG procedure

was 2.13± 0.77 µSv and 2.86± 1.79 µSv, respectively.

For [18F]FDG procedures, total effective dose ranging from

2.5 to 2.9 µSv were reported (20).

The finger dose for the V/Q PET procedure was also similar

to the dose for a [68Ga]Ga-DOTATOC scan (0.35 and 0.32

mSv, respectively). These measured doses were lower than the

finger doses previously published by Diwedi et al. for [68Ga]Ga-

DOTANOC injection, which were 1.26 ± 0.3 mSv for the left

ring finger and 1.03 ± 0.13 mSv for right ring finger (24). In

this study, the same range of activity was injected, but no syringe

shield was used in contrast to the present work. In our study,

the total of radioactivity handled by technologists for the V/Q

PET procedure was two times less than the syringe activity for

[68Ga]Ga-DOTATOC (105.55 ± 8.59 MBq and 207.81 ± 52.80

MBq, respectively). This was likely counter-balanced by a longer

and more complicated handling of the syringes for the V/Q PET

procedure. In both V/Q PET and DOTATOC procedures, the

syringes weremanually administered. In contrast, [18F]FDGwas

administrated with automated injector, which explains the lower

finger dose for the FDG PET procedure (0.01 mSv).

Our results should also be put into perspective with

the technical advantage of V/Q PET over conventional V/Q

SPECT scintigraphy. Indeed, according to the ALARA principle

and given that the radiation exposure is higher with V/Q

PET than with V/Q SPECT imaging, V/Q PET imaging

should only be used when the test provides higher diagnostic

performance. V/Q PET/CT is inherently a superior technology

for image acquisition, with higher sensitivity and spatial

resolution, allowing more accurate evaluation of regional lung

function (1). Other advantages include reduced acquisition

time and the opportunity to readily perform respiratory-

gated acquisition (25). Preliminary results showed promising

results for the diagnosis of acute pulmonary embolism (1, 2),

pending for the results of ongoing diagnostic accuracy studies

(NCT04179539). Another clinical indication for which PET

has an additional value over SPECT imaging is radiotherapy

planning, for individualizing treatment plans and predicting

radiation induced lung injury (4, 5, 7, 26–29).

Limitations have to be considered in this work. First, the

size of the samples was small (10 measures for each investigated

procedures). Second, measures for the V/Q PET procedures

were performed at the start of the use of this new technology

in our department. Although the process is very similar as

compared with technegas preparation, the radiation exposure

measures may have been overestimated due to an increased

duration of the procedures. On the other hand, measures in

this study have been obtained in the worst case-scenario, which

is often retained for radiation exposure calculation. Third, the

perfusion total exposure dose of the V/Q PET procedure include

some radiation from the 68Ga-labeled carbon nanoparticles

previously inhaled by the patient. In some clinical setting, such

as radiotherapy planning (5, 25), only a perfusion PET/CT scan

(without ventilation) is performed. In that context, the total

effective dose for a perfusion PET procedure would likely be

lower than that reported in this work.

Fourth, we cannot assert that the collection of air samples

is an exact representation of aerosolized particles inhaled by

the technologist. However, the use of an aerosol collector is

a common method for air contamination studies (22, 23, 30).

Most importantly, similar collectionmethod was used for Tc and

Ga aerosols, allowing the comparison between both procedures.

Conclusion

The technologist total effective dose for a V/Q PET

procedure is ∼2.4 higher than the dose for a conventional V/Q

scintigraphy procedure. However, the radiation exposure for a

V/Q PET procedure is equivalent to the exposure of other PET

procedures, both in terms of total effective dose or finger dose.

These results should be reassuring for the healthcare workers

performing V/Q PET scan.
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