
(12) STANDARD PATENT (11) Application No. AU 2017382935 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
An infusion system for short-lived radiopharmaceuticals 

(51) International Patent Classification(s) 
A61M 5/00 (2006.01) A61M 39/22 (2006.01) 
A61M 5/168 (2006.01) 

(21) Application No: 2017382935 (22) Date of Filing: 2017.12.21 

(87) WIPO No: W018/115286 

(30) Priority Data 

(31) Number (32) Date (33) Country 
16205836.6 2016.12.21 EP 

(43) Publication Date: 2018.06.28 
(44) Accepted Journal Date: 2022.12.01 

(71) Applicant(s) 
MedTrace Pharma A/S 

(72) Inventor(s) 
Stenfeldt, Martin;Kristensen Wiik, Rune;Larsen, Peter 

(74) Agent / Attorney 
WRAYS PTY LTD, L7 863 Hay St, Perth, WA, 6000, AU 

(56) Related Art 
US 2005/0085682 Al 
EP 1616587 Al



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) OrganizationIIIIIIIIIIIDIDDDIDDIIIIIDIII 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2018/115286 Al 
28 June 2018 (28.06.2018) W IPO I PCT 

(51) International Patent Classification: (72) Inventors: STENFELDT, Martin; Klovereng 8, Trored, 
A61M/00 (2006.01) A61M39/22(2006.01) 2950 Vedbok (DK). KRISTENSEN WIIK, Rune; Ron
A61M5/168(2006.01) vangen 126, 8382 Hinnerup (DK). LARSEN, Peter; 

(21) International Application Number: Ravnehusvej 1, Hareskov, 3500 Vorlose (DK).  

PCT/EP2017/084102 (74) Agent: AWA DENMARK A/S; Strandgade 56, 1401 

(22) International Filing Date: Copenhagen K (DK).  

21 December 2017 (21.12.2017) (81) Designated States (unless otherwise indicated, for every 

(25) Filing Language: English kind ofnational protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, 
.30) .riority DatDZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, 

(30)PriorityData: 21 December 2016 (2112.2016) EP HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, 
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, 

(71) Applicant: MEDTRACE A/S [DK/DK]; Gotlandsvej 5, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
5700 Svendborg (DK). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 

(54) Title: AN INFUSION SYSTEM FOR SHORT-LIVED RADIOPHARMACEUTICALS 

=1 

1 80 

822 

(57) Abstract: Anon-surgical method of delivering aliquid radioactive solution from asource to arecipient comprising the steps of: 
~determining adesired recipient level ofradioactivity and recipient volume of the radioactive solution tobe delivered to the recipient, 

riprovidingafirst valvehaving awaste position and arecipient position, providing abolus conduit,a waste conduit and arecipient 
If) conduit, each conduit having avalve end being connected to said first valve, so that the first valve can establish awaste flow path in 

the waste position and arecipient flow path in the recipient position, the recipient flow path being different from said waste flow path, 
the bolus conduit comprising ameasuring section and an internal volume, the internal volume being approximately equal to the desired 
recipient volume of the radioactive solution tobe delivered to the recipient, arranging said first valve in the waste position, transporting 

oafirst amount ofsaidradioactivesolution through said waste flow path, thefirst amount ofsaid radioactive solution having an initial 

e~2 81C1, '-



W O 2018/115286 A8/115286Al|||||||||||||||||||||||||||||||||||||||||||||| 

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
KM, ML, MR, NE, SN, TD, TG).  

Published: 
- with international search report (Art. 21(3)) 

level of radioactivity that is at least approximately equal to or higher than the desired recipient level of radioactivity and an initial 
volume that is larger than the internal volume of said bolus conduit, providing a radiation detector, the radiation detector being operable 
to measure a level of radioactivity of the radioactive solution in said measuring section, measuring a reference level of radioactivity of 
said radioactive solution present in said measuring section, wherein when the reference level of radioactivity is approximately equal 
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AN INFUSION SYSTEM FOR SHORT-LIVED RADIOPHARMACEUTICALS 

Field of the invention 

The present invention relates in a first aspect to a non-surgical method 

5 of delivering a liquid radioactive solution from a source to a recipient, in a sec

ond aspect to an infusion system for delivering a liquid radioactive solution from 

a source to a patient and in a third aspect to a non-surgical method of dosing 

a liquid radioactive solution.  

10 Background of the invention 

Radioisotopes (also called radionuclides) have several applications in 

medical therapy, imaging and research. Through the emission of positrons, 

beta minus particles, high energy gamma electrons or auger electrons in close 

proximity to a cell nucleus, different imaging/measurement techniques permit 

15 imaging and measuring of physiological processes within the human body. Ra

dio isotopes can further be used as therapeutics to illicit cell death within the 

field of oncology if injected intravenously.  

Radioisotopes such as 18F, 11C, 150, 140, 8 2 Rb and 13 N are typically 

used in labelling radiopharmaceuticals for use in PET. Today, dosing of non

20 radioactive pharmaceuticals for intra venous (I.V.) injection in hospital or clini

cal environments are typically done volumetric from a standard solution of 

known pharmacological dose strength. In other uses the dosing is done by 

drawing up a specific volume of a non-radioactive pharmaceutical from a known 

dose strength, and mixing within syringe the drawn up dose with a non-cross 

25 acting solution for dispensing i.e. physiological saline or water for injection. This 

methodology however cannot be used within the field of radiopharmaceuticals, 

since the half-life associated with these radioisotopes is very short, typically on 

the order of minutes (except 18F which has a half-life of almost two hours). Ox

ygen-15 (150) has a half-life of 122.24 seconds and is one of the most suitable 

30 radioactive isotopes for use in PET for quantifying regional cerebral blood flow 

(rCBF), and for quantifying regional myocardial blood flow (rMBF).  

Most systems for producing radioactive water in compliance with the 

requirements for manufacturing radiopharmaceuticals for human use under
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transferred into a certified laboratory environment -typically to a synthesis de

vice housed in a HotCell, wherein the radioactive gas mixture is converted from 
150-02 into H21 50 using either a catalytic process or heating to approximately 

8000C in connection with infusion of H 2. The converted H21 50 is then typically 

5 bubbled into a saline solution in a reservoir, thus trapping the H21 50 in said 

solution. This H2 150-solution is often referred to as the source solution.  

The source solution is then manually transferred from the reservoir into 

a draw up room or similar, and the desired dose for the patient is then typically 

manually drawn up into a syringe, which is then manually transported into a 

10 PET-scanning room.  

Due to the radioactive nature of radiopharmaceuticals, the effective 

concentration within the source solution will always be decreasing exponen

tially at a rate proportional to the decay constant of the radioactive isotope (or 

isotopes) intrinsic in the pharmaceutical.  

15 For this reason, the way radiopharmaceuticals are dosed today is by 

measuring the radioactivity in Becquerel or Curie, and timing the point of injec

tion with the desired dose to the patient. Typically, under the manual regime 

the double amount of desired radioactivity or more is measured in a dose cali

brator and extracted. A timer is started, and when the radioactivity has de

20 creased due to the decay of the relevant radioisotope and reached the desired 

level, the extracted amount is transferred to the patient. Because of the short 

half-life of the radioisotopes the timing of the extraction and injection has to be 

very precise to determine the actual amount of radioactivity transferred to the 

patient.  

25 Due to the short half-life of 150, this manual way of extracting a dose 

is not possible in a manner which allows for a consistent dose volume at the 

same time as the radioactivity level of the desired dose is known. It is only 

possible to use 150 under the current rules for GMP manufacturing or the prac

tise of pharmacy in the aforementioned manner, wherein for the individual pa

30 tient dosing the radioactive level is kept consistent but it will not be possible to 

have a consistent volume for multiple doses to the same patient, or in a similar
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manner where the volume of dosing between patients receiving the same radi

oactive dose will be consistent. Due to these constraints, and the fact that 150 

H 2 0 is mainly used as a perfusion agent, it's current practical clinical use is 

limited in extent to research purposes since a broad clinical usage will require 

5 consistency in volumetric dosing and knowledge of the dose volume as well as 

the injection speed in order to assess the flow of 0-15 H20 within the body via 

PET scanning apparatus and software algorithmic means.  

The manual handling of the radioisotopes from the certified lab and 

into the scanner suite where the patient is waiting is safe with regards to the 

10 patient, but due to the repeated radioactivity exposure to the medical personal, 

it is not feasible for routine patient examinations, since the medical personal is 

subjected to unwanted and dangerous radiation with every extraction and in

jection performed.  

Furthermore, the manual handling allows the dispensing of well-deter

15 mined volumes of radioisotopes, but cannot provide accurate volumes having 

a defined accurate radioactivity at a particular time point.  

A solution to the problem is to take a homogenously distributed stem 

solution containing a radiopharmaceutical, and dosing this radiopharmaceutical 

into a known fixed volume while waiting for the radioactivity to decay until the 

20 desired dose for the individual patient.  

Such a methodology is currently impractical in clinical settings due to 

the exponential decay of the stem solution. Initially the effective concentration 

(Becquerel/ml) is high or very high, and at a later point the effective concentra

tion will be low or very low. In order to dose with a fixed volume in the afore

25 mentioned method, a cutoff level will exist at which point the prescribed dose 

volume will no longer be able to contain the prescribed radioactive dose, and 

the remaining dose within the stem solution would have to be discarded. The 

methodology is impractical in the sense that discarding radiopharmaceuticals 

due to a desire to keep a fixed volume is highly costly, while at the same time 

30 the nature of most clinically used radiopharmaceuticals today is to either bind 

selectively to targets in vivo, or participate in metabolic processes, or act as 

non-interacting perfusion agents.



4 

However, a selection of radiopharmaceuticals exists, where the intrin

sic purpose of the radiopharmaceutical is to act as a flow marker, and unspe

cific binding or metabolism of the radiopharmaceutical is highly undesired. For 

this class of radiopharmaceuticals in particular, a means of dosing effectively 

5 in terms of both radioactive dose as well as volume and injection speed is highly 

desired, as this would allow for the creation of very homogenous injection pro

files, and by varying the injection speed both between injections and during 

injections the injection profile may be modified further to suit different clinical 

applications.  

10 Thus, there is a need for an infusion system that is capable of dosing, 

and/or in some embodiments injecting, specified amounts of a radioactive so

lution (such as H21 5 0) with high precision (thus being well-determined in terms 

of volume and radioactivity at a given time point) and with a negligible risk for 

both patients and medical personnel.  

15 

Summary of the invention 

An object of the invention and/or of the present disclosure may be seen 

as to provide an infusion system for delivering a radioactive solution, a method 

of dosing and a method of delivering a radioactive solution which avoids, solves 

20 or lessens one or more of the above-mentioned drawbacks.  

In accordance with the present invention there is provided a non-sur

gical method of delivering a liquid radioactive solution from a source to a recip

ient comprising the steps of: 

determining a desired recipient level of radioactivity and recipient vol

25 ume of the radioactive solution to be delivered to the recipient, 

providing a first valve having a waste position and a recipient position, 

providing a bolus conduit, a waste conduit and a recipient conduit, 

each conduit having a valve end being connected to said first valve, so that the 

first valve can establish a waste flow path in the waste position and a recipient 

30 flow path in the recipient position, the recipient flow path being different from 

said waste flow path, the bolus conduit comprising a measuring section and an 

internal volume, the internal volume being approximately equal to the desired
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recipient volume of the radioactive solution to be delivered to the recipient, 

arranging said first valve in the waste position, 

transporting a first amount of said radioactive solution through said 

waste flow path, the first amount of said radioactive solution having an initial 

5 level of radioactivity that is at least approximately equal to or higher than the 

desired recipient level of radioactivity and an initial volume that is larger than 

the internal volume of said bolus conduit, 

providing a radiation detector, the radiation detector being operable 

to measure a level of radioactivity of the radioactive solution in said measuring 

10 section, 

measuring a reference level of radioactivity of said radioactive solu

tion present in said measuring section, 

wherein when the reference level of radioactivity is approximately 

equal to an injection level of radioactivity, the method further comprises the 

15 steps of: 

arranging the first valve in the recipient position, and 

transporting the radioactive solution present in the bolus conduit 

through the recipient flow path.  

Since the radioactive concentration will change with time due to de

20 crease in the nuclide radioactivity it is always necessary to provide a reference 

time. As with all statements involving radioactivity, it is necessary to include a 

reference date and time of standardization. For radionuclides with a half-life 

period of less than 21 minutes, a more precise statement of the reference time 

is required including time of day in addition to date.  

25 Thus one of the great strength point of the method lies in the ability to 

dispense a known volume properly whilst also knowing the radioactivity. Espe

cially for flow tracers, it is important to know the injection profile which is based 

on volume and the injection rate. But due to regulatory accounts i.e. the radio

active dose, it has up until know been necessary to sacrifice the accuracy of 

30 the volume in regard to knowing the injected radioactive dose.  

The general regulatory requirements in relation to IV injections re

quires that the injection volume during practice of medicine and practice of
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pharmacy is known. As well as the strength i.e. the radioactivity of the dose 

described in activity/ml or mg/ml for non-radioactive drugs. Clinical significance 

is secondary but important as the standard radioactive solution volumes allows 

for precise and comparable data bases for blood flow in many patients. Further 

5 the method and system according to the invention increases the reproducibility 

of the individual patient.  

In term of the present disclosure, the term "recipient" is to be under

stood as a destination for the radioactive solution. The radioactive solution may 

from this destination be transferred elsewhere depending on the system and 

10 the surroundings.  

The recipient may in some embodiments be the end of the recipi

ent/dosing flow path.  

The recipient may in some embodiments be a device at the end of the 

dosing flow path/recipient flow path, such as a receptacle or an IV bag.  

15 The recipient may in some embodiments be a patient or a catheter in 

direct fluid connection with a patient.  

The bolus may in an embodiment be transferred from the recipient to 

a patient.  

Thus the skilled person will understand, that the recipient may be a 

20 variation of different devices or patients depending on the system setup.  

In terms of the present disclosure, the term "bolus" may be defined as; 

a specific amount of the radioactive solution, the amount having a well-defined 

volume and radioactivity level.  

In an embodiment said bolus has a substantially cylindrical body and 

25 a homogeneous radioactivity distribution throughout the volume of the bolus.  

In another embodiment said bolus has a substantially cylindrical body 

and a homogeneously distributed radioactivity content throughout the volume 

of the bolus.  

In another embodiment said bolus has a substantially cylindrical body 

30 and a constant radioactivity profile measured along the longitudinal axis of said 

substantially cylindrical body.  

In an embodiment said bolus has a substantially cylindrical body and
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an indistinguishable radioactivity concentration at any point within the volume 

and/or boundaries of the bolus.  

In an embodiment said bolus has a substantially cylindrical body and 

a negligible difference in radioactivity concentration between any two points 

5 within the volume and/or boundaries of the bolus.  

If and/or when the administered dose (D) dose of a radiopharmaceuti

cal having a radioactive half-life of <21 minutes is administered to a patient, 

said dose should be of a size suitable to the detection limit of the scanner, local 

scanner settings and conditions as well as the individual patients age, weight, 

10 sex and ethnicity. It is foreseen that the size of (D) shall likely decrease from 

current levels with the advent of improved detection capabilities of PET-scan

ners, and also drop by changes in legislation to fulfill the "As Low As Reason

ably Achievable" (ALARA) principle, but (D) shall never decrease to or beyond 

a point by which the principal fulfilment of the diagnostic reasons for adminis

15 tering the dose become impossible. (D) is likely to be within the range of 5MBq 

up to 5.OOOMBq, but currently (D) will be preferably within the 250-500MBq 

range, and in the near future preferably within the 100-250MBq range. In the 

distant future (D) will be preferably be within 10-100MBq. Most preferably (D) 

is 400MBq plus or minus a range of up to 10% permissible as std. variations of 

20 radioactive activity dose administrations within the practice of medicine.  

Likewise, the bolus volume (V) should be of a size to allow for a rapid 

introduction into the body, and suitable as regards the individual patients age, 

weight, sex and ethnicity. For different diagnostic purposes (V) will be within 

the range of 0,05-50ml. Preferably (V) will be within the range of 1-5ml, and 

25 most preferably (V) is 2ml plus or minus a range of up to 10% permissible as 

std. variations for pharmaceutical volume administrations within the practice of 

medicine. It is foreseen that the size of (V) may decrease from current levels 

with the advent of improved administration lines or pump functionalities.  

The injection speed (S) should be sufficiently fast to allow for rapid 

30 introduction of the volume (V) into the body, and suitable as regards the indi

vidual patients age, weight, sex and ethnicity. (S) will be within the range of
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0,1ml/s-5ml/s, and preferably within the range of 1ml/s-3ml/s. (S) is most pref

erably 2ml/s. It is likely that (S) may increase with the advent of improved PET 

scanner data acquisition from radiation detectors. However, lower injection 

speeds may also become relevant for certain applications of the present inven

5 tion.  

In addition, the term "radioactive concentration" is generally applied to 

solutions of a radioactive solution. The radioactive concentration of a solution 

refers to the amount of radioactivity per unit volume of the solution. An example 

of units for radioactive concentration would be mega Becquerel per millilitre 

10 (MBq/ml). Since the radioactive concentration will change with time due to de

crease in the nuclide radioactivity it is always necessary to provide a reference 

time. For short lived radionuclides the reference time will be more precise in

cluding time of day in addition to date.  

It is well known to people skilled in the art, that it is uppermost essential 

15 to know the accurate properties of the bolus before injection and that the injec

tion and bolus is reproducible, not only in the same patient but also across an 

entire group of patients or patient cohort. This is enabled with the invention 

according to the first, second and third aspects.  

The clinical significance of this is that with a 2 ml injected volume to 

20 cardiac ischemia, it is possible to catch the entire injected bolus of the radioac

tive solution (or a significant part thereof) in the right side of the heart during 

one heartbeat, and learn much more about the right heart side than know today.  

Thereafter the radioactive solution will pass the lungs where a sub

stantial mixing of the solution in a larger volume will occur.  

25 Further, the solution in the larger volume will return to the heart where 

it feeds the heart muscle through the coronary artery and the three sub arteries.  

It is the relative flow between the heart at rest and the heart of the load 

that is important. Therefore, bolus reproducibility in both studies are very sig

nificant for the comparison.  

30 There exist currently no feasible imaging techniques to examine the 

right side of the heart, neither with respect to the stroke volume / functionality 

or to the heart's own blood supply to its right side.



WO 2018/115286 PCT/EP2017/084102 

9 

Thus the possibility to deliver a narrow well-defined bolus will make a 

remarkable difference compared to the current infusion systems and delivery 

methods.  

Also in prior art infusion systems some of the isotopes have a relative 

5 long half-life such as FDG compared to 0-15 water, and a considerably longer 

production time (about 4 hours for FDG at about 5 min for 0-15 water), which 

means that FDG has an actual shelf life, where excess produced FDG can be 

store, which cannot be with 0-15 water because it is practically worthless 

shortly after it is produced.  

10 To obtain the liquid radioactive solution, that may be transported to the 

recipient, prior art systems have to apply a partially manual mixing/dilution of 

the highly radioactive isotopes (such as 18 F-labeled FDG) with a dilution liquid 

such as saline water in a plurality of different containers. The infusion system 

and method of delivering a liquid radioactive solution according to the invention 

15 is much more simplified and easy in that overfills a loop, thus avoiding the need 

to add more diluting liquid or radioactive isotopes after the loop has been filled.  

It is to be understood that the liquid radioactive solution, is a homoge

neous radioactive solution comprising a radiopharmaceutical and a solution 

media, where the combination constitutes an injectable media as per current 

20 pharmaceutical standards.  

In the scope of the present invention, the term "the internal volume 

being approximately equal to the desired recipient volume of the radioactive 

solution to be delivered to the recipient" is to be interpreted as the internal vol

ume differs at most ±5%, preferably at most 2%, more preferred at most 1% 

25 from the desired recipient volume of the radioactive solution.  

In an embodiment the internal volume differs at most 5%, preferably 

at most 2%, more preferred at most 1% from the desired recipient volume of 

the radioactive solution.  

When determining the desired recipient level of radioactivity, the level 

30 may take into account a possible change in the radioactivity from the measure

ment of the injection level of radioactivity to the actual entry into the recipient 

of the radioactive solution.



WO 2018/115286 PCT/EP2017/084102 

10 

A person skilled in the art will understand, that a valve having two dif

ferent positions (such as a waste position and a recipient/dosing position) does 

not limit the valve to having only these positions.  

In terms of the present disclosure the term "valve" also comprises a 

5 valve having a plurality of inlets and outlets.  

In an embodiment the first valve is a three ways valve.  

In terms of the present disclosure, when referring to a level of radioac

tivity, such as in the wording "the first amount of said radioactive solution having 

an initial level of radioactivity", this level of radioactivity is to be understood as 

10 the amount of ionizing radiation released by the radioactive isotopes within the 

homogeneous solution at a given point in time. The unit of measure for radio

activity is Becquerel (Bq). Due to the decay of the isotopes, this level of radio

activity decreases with time.  

In an embodiment the methods according to the first and third aspects 

15 or the infusion system according to the second aspect relates to the use of the 

radioactive solution in blood flow imaging using PET (Positron emission tomog

raphy) scanning technology or SPECT (photon emission computed tomogra

phy) scanning methodology.  

Dose calculation of the amount of activity that reaches the recipient 

20 (when the recipient is a human patient) is weighted in relation to the target 

organ, the resultant activity from nearby organs that radiate in the direction of 

the target organ.  

One of the advantages in using radioactive 0-15 is that it will not (a 

negligible amount) deposit in the organs and the relation with the narrow bolus 

25 (know volume and activity, quick injection) will render the clearance obsolete.  

In an embodiment the bolus conduit comprises a source inlet adapted 

to receive the radiopharmaceutical solution from the source, the waste conduit 

comprises a waste outlet adapted for flow out of said waste conduit and the 

recipient/dosing conduit comprises a recipient/dosing outlet adapted for flow 

30 out of said recipient/dosing conduit.  

As used herein, the expression "the injection level of radioactivity of 

the radioactive solution differs at most ±10% from the desired recipient level of



WO 2018/115286 PCT/EP2017/084102 

11 

radioactivity" means that, at the point in time where the solution is injected, the 

specific activity of the solution (as measured in e.g. Bq) shall differ at most 

±10% from the predetermined desired recipient level decided by the operator.  

If, for example, the desired recipient level of the solution is 200 Bq, then the 

5 actually delivered solution by the infusion system of the invention will have a 

specific activity in the range of 180-220 Bq.  

The infusion system according to the present invention can however 

operate with more narrow limits than ±10% as regards both level of radioactivity 

and solution volume. Ranges of 7%, 5%, 2% and even ±1% are possible in 

10 most cases.  

In the present invention the injection level of radioactivity is to be un

derstood as the level of radioactivity measured a given point in time, where the 

injection (transportation of the solution present in the bolus conduit to the re

cipient) is initiated. In the present invention the reference level of radioactivity 

15 is to be understood as the level of radioactivity of liquid present in the bolus 

conduit. The reference level is preferably measured continuously.  

In an embodiment the injection level of radioactivity of the radioactive 

solution differs at most ±10%, preferably at most ±7%, more preferred at most 

±5% from the desired recipient/final level of radioactivity.  

20 In an embodiment the injection level of radioactivity of the radioactive 

solution is approximately equal to the desired recipient/final level of radioactiv

ity.  

In an embodiment the internal volume of said bolus conduit differs at 

most ±10%, preferably at most 7%, more preferred at most ±5% from the de

25 sired recipient/final volume of the radioactive solution.  

Thereby the radioactive solution that is delivered to the recipient has 

a well-known volume, activity level and transportation speed, which renders it 

possible to determine and visualise an injection profile of the solution to the 

recipient.  

30 This is the case both when the recipient is a means, from where the 

radioactive solution may subsequently be transferred to a patient, or when the 

recipient is a patient and the radioactive solution is transferred directly to the
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patient.  

In an embodiment the first valve has a third position, the third position 

of the first valve closing the valve end of the bolus conduit, so that the radioac

tive solution in the bolus conduit cannot flow through the first valve.  

5 In terms of the present disclosure, the term "Intravenous bolus injec

tion" may be defined as; an administration of a bolus through the intravenous 

route over a negligible period of time.  

In an embodiment the method of delivering/dosing a liquid radioactive 

solution, further comprising the steps of: 

10 providing a second valve having an inlet position and a flushing posi

tion, 

providing a flushing conduit and a source conduit, each conduit having 

a valve end being connected to said second valve, the source conduit being 

adapted for transporting the first amount of said radioactive solution from the 

15 source into the bolus conduit, when the second valve is in the inlet position, 

providing a flushing liquid reservoir comprising a flushing liquid, said 

flushing liquid reservoir being connected to said flushing conduit, 

providing a flushing device being adapted for transporting the flushing 

liquid from the flushing liquid reservoir through said flushing conduit and into 

20 the bolus conduit, when the second valve is in the flushing position.  

In an embodiment the first amount of said radioactive solution has a 

volume that is 1-2 times larger than the internal volume of the bolus conduit.  

Thereby it is ensured that the bolus conduit is completely filled with 

only the radioactive solution in a homogeneous manner, and any residue of 

25 flushing solution is removed from the bolus conduit.  

It is to be understood that the bolus conduit is overfilled with the ho

mogeneous radioactive solution so that the relevant radiopharmaceutical still 

has a relevant level of radioactivity left, when the bolus conduit is completely 

filled. This is also applicable for isotopes with half-lives led than 3 minutes.  

30 In an embodiment the flushing device is a computer controlled syringe.  

In an embodiment the second valve is a three-way valve.  

It is to be understood that the first and the second valve may be the
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same valve having a plurality of inlets and outlets.  

In an embodiment, before the step of transporting a first amount of said 

radioactive solution through said waste flow path, the second valve is arranged 

in the flushing position, and the flushing liquid is transported through the flush

5 ing conduit and through the bolus conduit.  

In an embodiment the first valve is positioned in the waste position, so 

that the flushing liquid is transported through the waste flow path.  

The flushing liquid may flow through the waste flow path, so that the 

flushing liquid exits the infusion system through the waste outlet.  

10 Thus any residue present in the bolus conduit will be flushed out of the 

system, so that when the first amount of radioactive solution is transported into 

the bolus conduit, no cross contamination will occur and a homogeneous solu

tion will be obtained.  

In an embodiment the first valve is positioned in the recipient/dosing 

15 position, so that the flushing liquid may be transported through the recipi

ent/dosing flow path.  

Thereby it is possible to transport flushing liquid (such as saline water) 

directly to the end of the recipient/dosing flow path and/or to the recipient. In 

some embodiments, the recipient may be a biological tube (i.e. artery or vein).  

20 Here it is in some situations desirable to continuously transport a small amount 

of saline water in to the tube up until the initiation of the transport of the first 

amount of radioactive solution, to ensure that the biological tube is open and 

does not collapse.  

In an embodiment the step of transporting the radioactive solution pre

25 sent in the bolus conduit through the recipient/dosing flow path comprises: 

arranging the second valve in the flushing position, and transporting 

the flushing liquid through the flushing conduit, through the bolus conduit and 

the recipient/dosing conduit, whereby the liquid radioactive solution in the bolus 

conduit is moved through the recipient/dosing flow path and to the recipient.  

30 Thereby the flushing liquid pushes the radioactive solution in front of 

itself all the way to the recipient or the end of the recipient/dosing flow path.  

The bolus of the radioactive solution will experience a minor amount
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of dilution with the flushing liquid at each end, but since this is reproducible in 

every transportation of the bolus and is limited, it will not influence the bolus 

effect when reaching the recipient.  

In an embodiment the specific internal volume of the bolus conduit is 

5 approximately 0.1 - 50 ml, preferably approximately 1 - 10 ml and most pre

ferred approximately 2 ml.  

In an embodiment the entire infusion system is exchangeable.  

Additionally, or alternatively, the bolus conduit is exchangeable.  

Thereby a specific infusion system and/or bolus conduit with a specific 

10 internal volume may be selected for different patients and/or different measure

ment requirements.  

Thus providing an easy and cost effective way of switching between 

different measurements with different requirement, whilst still ensuring no cross 

contamination between patients.  

15 In an embodiment an injection speed of the radioactive solution to the 

recipient is approximately 0.05 - 7 ml/second, preferably approximately 1 - 5 

ml/second and most preferred approximately 2 ml/second.  

In the term of the present disclosure the term "transportation speed" is 

used interchangeable with the term "injection speed". Both terms are to be un

20 derstood as the velocity at which a liquid is transported.  

It is important that the radioactive solution delivered to the recipient 

has a narrow volume and is delivered quickly. By narrow is meant that the so

lution amount is well defined and accurate, whilst also having a reproducible 

volume.  

25 Hereby the system is sufficiently fast and efficient to be capable of 

transporting radioactive solutions with high radioactivity concentration such that 

the volume of the injected bolus can be kept low.  

This ensures standardizes procedures which may be compared be

tween different recipients.  

30 E.g. in the use of the radioactive solution in blood flow imaging for car

diac measurements using PET (Positron emission tomography) scanning tech-
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nology or SPECT (photon emission computed tomography) scanning method

ology, the optimal recipient volume of the radioactive solution is approximately 

2 ml and an optimal transportation speed is approximately 2ml/second.  

In this example with the 2ml volume and 2ml/second speed, the radi

5 oactive volume in the bolus conduit is emptied in approximately 1 second.  

In an embodiment, in the step of transporting the flushing liquid 

through the flushing conduit and through the bolus conduit, the liquid radioac

tive solution in the bolus conduit is moved out of said bolus conduit in less than 

approximately 5 seconds, preferably less than 2,5 seconds, and more preferred 

10 approximately 1 second.  

In an embodiment, in the step of transporting the liquid radioactive so

lution in the bolus conduit through the recipient conduit to the recipient, the 

liquid radioactive solution is transported out of said recipient conduit and to said 

recipient in less than approximately 10 seconds, preferably less than 5 sec

15 onds, and more preferred approximately less than 3 second.  

Traditional prior art systems will require up to around 2 minutes or 

more to transport a radioactive solution (such as 0-15) water from a source 

(such as a hot-cell) to a recipient (such as a patient).  

The infusion system and method of delivering a liquid radioactive so

20 lution (such as 0-15 water) is able to transport the radioactive solution from the 

source to the recipient in 20 seconds or less, using a preferred transportation 

speed of 2ml/second with a maximum volume of up to 20 ml.  

From initiation of the transport of the first amount of radioactive solu

tion through the waste flow path (with a 2 ml bolus conduit), the selected radi

25 oactive solution is ready for transport to the patient in less than approximately 

10 seconds.  

In an embodiment the measuring section is spiral-shaped or helically 

shaped or coil shaped or looped shaped.  

In an embodiment the measuring section comprises at least 15 wind

30 ings.  

In an embodiment the radiation detector is arranged so that said meas

uring section wreathes said part of the radiation detector, the radiation detector
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being operable to determine a level of radioactivity of the solution in the meas

uring section.  

The principle in the loop construction is that the radioactive volume is 

placed symmetrically along the centerline of the radioactivity sensor and rela

5 tively close to it. This is to ensure that any variation in the placement of the 

loop, which is exchanged daily, will have minimal influence on the measure

ments of the radioactivity sensor. Variations in placement could be caused e.g.  

by production variation in the geometry of the inside of the loop part. The prin

ciple of the loop construction ensures that a misplacement will both cause some 

10 part of the radioactive volume to be slightly closer to the sensor and some part 

to be equally further away, giving only a small variation in what is actually 

sensed by the sensor.  

In an exemplary embodiment wherein the bolus conduit comprises a 

2 ml volume of radioactive solution, the loop configuration will be able to obtain 

15 the same principle effect on the stability of the sensor's measurements even 

though changes should occur in the variables of its construction which are num

ber of windings, length of coil, inner diameter of tube and to some extent the 

distance with which it is placed around the radioactivity sensor.  

In another embodiment the bolus conduit comprises 5 ml. Here the 

20 same variables will define the exact shape of the given loop and will not be of 

great influence on the principle of the loop construction.  

Furthermore, the loop principle may be formed by another construction 

that by any suitable means ensures, that the radioactive volume is placed sym

metrically around the radioactivity sensor along its center axis and relatively 

25 close to it.  

In an embodiment the first valve and the second valve are arranged 

adjacent to the coil shaped measuring section.  

In an embodiment the length of the bolus conduit is approximately 

equal to the length of the measuring section.  

30 In an embodiment a sterile filter is arranged between the source and 

the bolus conduit, so that the radioactive solution from the source flows trough 

said sterile filter before reaching the bolus conduit.
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The sterile filter may be a vented filter. This ensures that any remaining 

air in the solution may be expelled before entering the infusion system.  

This is an additional safety feature ensuring safety of the recipient and 

a homogeneous radioactive solution.  

5 In an embodiment the source may be a radioactive source in liquid 

form capable of fulfilling the criteria for an injectable radiopharmaceutical. Said 

source may be connected with a radioactive generator or a cyclotron or any 

radioactive starting substance.  

It is to be understood that the invention is adaptable apply all currently 

10 known radioactive sources in liquid form, whereby the invention unhindered 

retains its purpose of accuracy in dosing.  

In an embodiment the radioactive solution comprises a radiopharma

ceutical having a radioactive half-life of less than 21 minutes, preferably less 

than 10 minutes, more preferred less 3 minutes.  

15 In an embodiment the isotopes of the radiopharmaceutical are se

lected from a group comprising radioisotopes capable of undergoing beta plus 

decay such as; 0-14, 0-15, N-13, Rb-82.  

In another embodiment, the isotopes of the radiopharmaceutical are 

selected from a group comprising isotopes capable of undergoing beta minus 

20 decay such as; 0-19, 0-20 with a half-life below 21 minutes, whereby the radi

oactive nature of the beta minus decay gives rise to imaging properties of the 

isotope either directly from the radioactive decay or through scattering.  

A person skilled in the art would recognize that the invention described 

herein could be used independent of the imaging properties of the isotope to 

25 dose therapeutic radiopharmaceuticals, where the therapeutic element is re

lated to the beta minus decay of the isotope.  

In an embodiment the infusion system and/or the method of delivering 

a radioactive solution comprises a therapeutic radiopharmaceutical.  

In yet another embodiment the isotopes of the radiopharmaceutical 

30 are selected from a group comprising isotopes capable of undergoing alpha 

decay with a half-life below 21 minutes, whereby the radioactive nature of the 

alpha decay gives rise to imaging properties of the isotope either directly from
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the radioactive decay or through scattering.  

A person skilled in the art would recognize that the invention described 

herein could be used independent of the imaging properties of the isotope to 

dose therapeutic radiopharmaceuticals where the therapeutic element is re

5 lated to the alpha decay of the isotope.  

In another embodiment the isotopes of the radiopharmaceutical are 

selected from a group comprising Auger electron emitting isotopes with a half

life of below 21 minutes, whereby the radioactive nature of the auger electron 

emission gives rise to imaging properties of the isotope either directly from the 

10 radioactive decay or through scattering.  

A person skilled in the art would recognize that the invention described 

herein could be used in-dependent of the imaging properties of the isotope to 

dose therapeutic radiopharmaceuticals where the therapeutic element is re

lated to the auger electron emission property of the isotope.  

15 This enable the usage of relative short-lived radiopharmaceuticals in 

in blood flow imaging for measurements using PET or SPECT.  

In an embodiment the recipient is a device for intravenous (IV) admin

istration of said liquid radioactive solution in said bolus conduit into a human or 

animal body.  

20 In an embodiment the device for IV administration is an injection nee

dle and/or a Peripheral venous catheter and/or an arterial catheter.  

In an embodiment the method is a therapeutic method.  

In accordance with a further aspect of the present invention there is 

provided an infusion system for delivering a liquid radioactive solution from a 

25 source to a recipient, said system comprising: 

a radiation detector, 

a first valve having a waste position and a recipient position, 

a bolus conduit, a waste conduit and a recipient conduit, each conduit 

having a valve end being connected to said first valve, so that the first valve 

30 can establish a waste flow path in the waste position and a recipient flow path 

in the recipient position, the recipient flow path being different from said waste 

flow path,
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wherein the waste flow path is defined by the bolus conduit and the 

waste conduit, and the recipient flow path is defined by the bolus conduit and 

the recipient conduit, 

wherein the bolus conduit comprises a bolus inlet adapted to receive 

5 the radiopharmaceutical solution from the source, the waste conduit comprises 

a waste outlet adapted for flow out of said waste conduit and the recipient con

duit comprises a recipient outlet adapted for flow out of said recipient conduit 

to a recipient, 

wherein the bolus conduit comprises a measuring section and a spe

10 cific internal volume, the radiation detector being operable to determine a ref

erence level of radioactivity of the solution present in said measuring section, 

wherein the waste flow path establishes liquid communication be

tween said bolus inlet and said waste outlet, and the recipient flow path estab

lishes liquid communication between the bolus inlet and the recipient outlet, 

15 wherein the radioactive solution comprises a radiopharmaceutical hav

ing a radioactive half-life of less than 3 minutes.  

In an embodiment the measuring section extends from the bolus inlet 

towards the valve end.  

In an embodiment the method relates to the transport of a radioactive 

20 solution for use in blood flow imaging using PET (Positron emission tomogra

phy) scanning technology or SPECT (photon emission computed tomography) 

scanning methodology.  

In an embodiment the infusion system comprises: 

a second valve having an inlet position and a flushing position, 

25 a flushing conduit and a source conduit, each conduit having a valve 

end being connected to said second valve, the source conduit being adapted 

for transporting the radioactive solution from the source into the bolus conduit, 

when the second valve is in the inlet position, 

a flushing liquid reservoir comprising a flushing liquid, said flushing liq

30 uid reservoir being connected to said flushing conduit, 

a flushing device being adapted for transporting the flushing liquid from 

the flushing liquid reservoir through said flushing conduit and into the bolus
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conduit, when the second valve is in the flushing position.
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In an embodiment the flushing liquid reservoir may be connected di

rectly to said flushing conduit.  

In an embodiment the flushing device may be connected to the flush

ing conduit.  

5 In an alternative embodiment the flushing device is formed by the 

flushing reservoir and a pump. The pump and flushing reservoir being con

nected to the flushing conduit. The pump being adapted to pump liquid into or 

out of the flushing reservoir.  

In the content of this specification the term "pump" may be viewed as 

10 any type of suitable pump.  

In an embodiment the pump is a positive displacement pump.  

A positive displacement pump makes a fluid move by trapping a fixed 

amount and forcing (displacing) that trapped volume into the discharge pipe.  

In an embodiment the specific internal volume of the bolus conduit is 

15 approximately 0.1 - 50 ml, preferably approximately 1 - 10 ml and most pre

ferred approximately 2 ml.  

In an embodiment the measuring section is spiral-shaped or helically 

shaped or coil shaped.  

In an embodiment the measuring section comprises at least 1 winding, 

20 preferably 1 - 50 windings, more preferred 5 - 25 windings.  

The number of windings are selected in relation to the desired dosing 

volume and the inner diameter of the conduit 

In an embodiment a part of the radiation detector is arranged within 

the measuring section, so that said measuring section wreathes said part of the 

25 radiation detector.  

In an embodiment a sterile filter is arranged between the source and 

the bolus conduit, so that the radioactive solution from the source flows trough 

said sterile filter before reaching the bolus conduit.  

In an embodiment a second radiation detector and/or a bubble detec

30 tor is arranged adjacent to the recipient conduit.  

The second radiation detector and/or the bubble detector increases 

the security level of the infusion system.
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The second radiation detector and/or the bubble detector may be con

nected to a computer means.  

The radiation detector is adapted to detect a leakage upstream in the 

infusion system.  

5 If after the transportation of the radioactive solution in the bolus conduit 

to the recipient is initiated, and the radiation detector measure a pre-selected 

warning level and/or alarm level. These levels may vary depending on the us

age of the infusion system. The level may be approximately zero.  

The levels may both be too low and/or too high in relation to an ex

10 pected level of radiation.  

The levels may be automatically selected or manually selected.  

If the measured amount of radiation reaches the warning level, a warn

ing sign may be signalled. The warning sign may be visual and/or audible or a 

combination thereof.  

15 If the measured amount of radiation reached the alarm level, the trans

portation of liquid to the recipient may be interrupted.  

In an embodiment the second radiation detector records the bolus in

jection profile and reports the profile to a user during injection, and the com

puter means records the injection profile in a batch report.  

20 Furthermore, the second radiation detector may be coupled with the 

first radiation detector as an extra safety mechanism, so that in the event that 

the pump initiates injection, and the radioactivity does not leave the first radia

tion detector fast enough and/or does not arrive within an expected time frame 

at the third radiation detector, the computer means also stops the injection.  

25 This feature of double coupled detectors with a time stamp estimate 

covers the risk of having a leakage between the syringe as well the connector 

to the recipient conduit.  

The feature also covers the risk of the syringe sucking a vacuum, and 

upon initiation of injection will have insufficient volume to complete the injection 

30 as planned.  

The bubble detector is adapted to detect the presence of air in the 

radioactive solution being transported from said bolus conduit to the recipient.
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If the bubble detector detects an amount of air equal to or higher than a pre

selected alarm level, the transport of the radioactive solution to the recipient 

may be interrupted.  

In an embodiment the infusion system is a sterile infusion system.  

5 In an embodiment the radioactive solution comprises a radiopharma

ceutical having a radioactive half-life of less than 21 minutes, preferably less 

than 10 minutes, more preferred less 3 minutes.  

In an embodiment the recipient conduit comprises a second sterile fil

ter.  

10 In an embodiment the waste conduit comprises a check valve and/or 

a pump.  

The pump is adapted to transport accumulated liquid from the first ster

ile filter to the waste outlet. The pump functions solely in a forward motion, 

where the principal purpose of the pump is to facilitate a more rapid transport 

15 of the radioactive solution across the sterile filter and into the bolus conduit.  

In some embodiments the pump is a positive displacement pump.  

The recipient system may also comprise a check valve. The check

valve may be a single way check valve.  

The check valve prevents a possible back flow from the recipient to 

20 the system, thereby preventing cross-contamination of for example viruses, 

that otherwise would not be caught with a sterile filter due to their size (less 

than 22 micrometers, which corresponds to a size of pores in a sterile filter).  

In an embodiment said recipient is a device for intravenous (IV) ad

ministration of said liquid radioactive solution in said bolus conduit into a human 

25 or animal body.  

In an embodiment the device for IV administration is an injection nee

dle and/or a Peripheral venous catheter and/or an arterial catheter.  

In an embodiment the infusion system according to the second aspect 

is computer controlled.  

30 In an embodiment the computer controlled infusion system may also 

be manually controlled.  

The infusion system may also comprise a computer means with a
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data storage unit. The data storage unit being operable to store data received 

from different elements of the infusion system.  

The data may be; injection speed, pump speed profile, measuring 

section volume, bolus conduit volume, radiation profile measured by the sec

5 ond radiation detector, radiation profile measured by the first radiation detec

tor, measurements from the bubble detector etc.  

The computer means may comprise a display, the display being 

adapted for visually displaying said data.  

Even if the infusion system is computer controlled, a user may manu

10 ally overwrite the settings.  

Thereby a user is able to initiate or delay the transportation to the re

cipient depending on the situation.  

In another embodiment of the first or second aspect, the liquid solution 

of a radiopharmaceutical is held in the bolus conduit for a relevant holding time 

15 until a desired radioactivity level is attained by natural radioactive decay, before 

being moved out of said bolus conduit.  

In another aspect the invention relates to a use of an infusion system 

according to the second aspect in a method of delivering a liquid radioactive 

solution according to the first aspect.  

20 In another embodiment the invention relates to a bolus of a radioactive 

solution obtainable by the method of delivering a liquid radioactive solution ac

cording to the first aspect.  

In accordance with yet a further aspect of the present invention there 

is provided a non-surgical method of dosing a liquid radioactive solution having 

25 a desired final level of radioactivity and a final volume comprising the steps of: 

- determining said desired final level of radioactivity and final volume 

of the radioactive solution to be produced, 

- providing a first valve having a waste position and a dosing position, 

- providing a bolus conduit 30, a waste conduit 40 and a dosing conduit 

30 50, each conduit having a valve end being connected to said first valve, so that 

the first valve can establish a waste flow path in the waste position and a dosing 

flow path in the dosing position, the dosing flow path being different from said
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waste flow path, the bolus conduit comprising a measuring section and an in

ternal volume, the internal volume being approximately equal to the desired 

final volume of the radioactive solution, 

- arranging said first valve in the waste position, 

5 - transporting a first amount of said radioactive solution through said 

waste flow path, the first amount of said radioactive solution having an initial 

level of radioactivity that is at least approximately equal to or higher than the 

desired final level of radioactivity and an initial volume that is larger than the 

internal volume of said bolus conduit, 

10 - providing a radiation detector, the radiation detector being operable 

to measure a level of radioactivity of the radioactive solution in said measuring 

section, 

- measuring a reference level of radioactivity of said radioactive solu

tion present in said measuring section, 

15 wherein that when the reference level of radioactivity is approximately 

equal to a pre-final level of radioactivity, the method further comprises the steps 

of: 

- arranging the first valve in the dosing position, and 

- transporting the radioactive solution present in the bolus conduit 

20 through the dosing flow path, 

so that the radioactive solution has the desired final level of radioactivity when 

said radioactive solution reaches the end of the dosing flow path.  

The administered dose (D) dose of a radiopharmaceutical having a 

radioactive half-life of <21 minutes should be of a size suitable to the detection 

25 limit of the scanner, local scanner settings and conditions as well as the indi

vidual patients age, weight, sex and ethnicity.  

The bolus volume (V) should be of a size to allow for a subsequently 

rapid introduction into the body, and suitable as regards the individual patients 

age, weight, sex and ethnicity. For different diagnostic purposes (V) will be 

30 within the range of 0,05-50ml.  

The injection speed (S) should be sufficiently fast to allow for a subse-
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quently rapid introduction of the volume (V) into the body, and suitable as re

gards the individual patients age, weight, sex and ethnicity. The skilled person 

will understand, that in the scope of the present invention the methods de

scribed in relation to the first and third aspects may in some embodiments not 

5 fall within the range of methods for treatment of the human or animal body by 

surgery or therapy and diagnostic methods practised on the human or animal 

body, since the methods according to the invention in some embodiments are 

of a technical character and are in these embodiments not carried out on the 

living human or animal body, as the term "recipient" may in the scope of the 

10 invention be a device/means for receiving the radioactive solution.  

A person skilled in the art will appreciate that any and all of the above 

embodiments, options and developments may be combined with each other in 

accordance with the present invention.  

15 The drawings 

In the enclosed schematic drawings, which show non-binding exam

ples of embodiments of the present invention, 

Fig. 1 shows a schematic overview of the infusion system according 

to the invention.  

20 Fig. 2 shows a part of an embodiment of the infusion system.  

Fig. 3 shows a schematic overview of an embodiment of the infusion 

system according to the invention 

Fig. 4 shows a schematic overview of another embodiment of the in

fusion system, wherein the infusion system is connected to a production system 

25 6 and a recipient system 200.  

Description of detailed embodiments of the invention 

Figure 1 shows a first embodiment of an infusion system 1 according 

to the present invention, the infusion system being suitable for delivering a liq

30 uid radioactive solution to a recipient 2.  

The radioactive solution is transported from a source 6 to the recipient
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2 according to an embodiment of the method according to the invention com

prising the steps of: 

The infusion system 1 comprises; a first valve 20 having a waste po

sition and a recipient position, a radiation detector 10, a bolus conduit 30, a 

5 waste conduit 40 and a recipient conduit 50, each conduit 30, 40, 50 having a 

valve end 31, 41, 51 being connected to said first valve 20.  

The first valve 20 establishes a waste flow path in the waste position, 

wherein the waste flow path is defined by the bolus conduit 30 and the waste 

conduit 40.  

10 The first valve 20 establishes a recipient flow path in the recipient po

sition, wherein the recipient flow path is defined by the bolus conduit 30 and 

the recipient conduit 50.  

The recipient flow path is different from said waste flow path.  

The bolus conduit 30 comprises a bolus inlet 32 adapted to receive the 

15 radiopharmaceutical solution from the source 6.  

The bolus conduit 30 comprises a specific internal volume.  

The bolus inlet 32 is opposite of the valve inlet end 31.  

Liquid flow through in the bolus conduit 30 is preferably from the bolus 

inlet 32 towards the valve end 31.  

20 Flow through the bolus conduit 30 may be either the radioactive solu

tion and/or a flushing liquid.  

The first valve 20 is preferably a three-way valve.  

The waste conduit 40 comprises a waste outlet 42 adapted for flow out 

of said waste conduit 40.  

25 Flow through the waste conduit 40 may be either the radioactive solu

tion and/or the flushing liquid.  

The recipient conduit 50 comprises a recipient outlet 52 adapted for 

flow out of said recipient conduit 50 to a recipient 2.  

Flow through the recipient conduit 50 may be either the radioactive 

30 solution and/or the flushing liquid.  

The recipient outlet 52 is in fluid communication with the recipient 2.
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The bolus conduit 30 comprises a measuring section 300. The radia

tion detector 10 is arranged in relation to the measuring section 300, so that 

the radiation detector 10 is able to determine a reference level of radioactivity 

of the solution present in said measuring section 300.  

5 An embodiment of the measuring section 300 is shown in figure 2.  

The waste flow path establishes liquid communication between said 

bolus inlet 32 and said waste outlet 42. The recipient flow path establishes liq

uid communication between the bolus inlet 32 and the recipient outlet 52.  

The infusion system 1 further comprises a second valve 21. The sec

10 ond valve having an inlet position, a flushing position and a suction position.  

The infusion system 1 further comprises a flushing conduit 60 and a 

source conduit 70.  

The flushing conduit 60 comprises a valve end 62 and an opposite 

flushing source end 61. The source conduit 70 comprises a valve end 72. Each 

15 valve end 62, 72 is connected to said second valve 21.  

The bolus inlet 32 of the bolus conduit 30 is also connected to said 

second valve.  

The source conduit 70 is adapted for transporting the radioactive so

lution from the source 6 to the bolus conduit 30, when the second valve 21 is 

20 in the inlet position.  

The infusion system 1 further comprises a flushing liquid reservoir 80 

comprising a flushing liquid.  

The flushing liquid is preferably a saline solution.  

The flushing liquid may also be a buffered saline solution such as 

25 phosphate buffered saline.  

In an embodiment the solution is approximately of near osmolality with 

the recipient's plasma, and preferably approximately osmolar with the recipi

ent's plasma or considered to be approximately iso-osmolar.  

In an embodiment the flushing liquid reservoir 80 may be connected 

30 to the flushing source valve end 61 of the flushing conduit 60.  

The infusion system 1 further comprises a third valve 22, the third 

valve having a first, second and third position. The third valve is connected to
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the flushing source end 61 of the flushing conduit 60.  

In an embodiment the third valve may be a three-way valve.  

The flushing liquid reservoir 80 further comprises a flushing reservoir 

conduit 81. The flushing reservoir conduit 81 having one end 83 connected to 

5 the third valve 22 and another, opposite end 82 connected to the flushing liquid 

reservoir 80.  

The flushing reservoir conduit 81 allows liquid flow between the flush

ing liquid reservoir 80 and the third valve 22.  

A connector may be arranged between the flushing liquid reservoir 80 

10 and the flushing reservoir conduit 81.  

The infusion system 1 further comprises a flushing device 90. The 

flushing device 90 may be a syringe. The syringe may be automatic and/or 

manually controlled.  

The flushing device 90 comprises a flushing device conduit 91 having 

15 one end 92 connected to said flushing device 90 and another, opposite end 93 

connected to the third valve 22.  

The flushing device 90 is adapted for transporting liquid into itself 

and/or liquid from within itself and out of itself.  

The third valve 33 being in the first position establishes fluid commu

20 nication between the flushing device 90 and the flushing liquid reservoir 80. In 

this position the flushing device 90 is able to transport flushing liquid from the 

flushing liquid reservoir 80 and into itself 90 through the flushing reservoir con

duit 81, the third valve 22 and the flushing device conduit 91.  

The transport may also be from the flushing device 90 to the flushing 

25 liquid reservoir 80.  

The third valve 33 being in the second position establishes fluid com

munication between the flushing device 90 and the flushing conduit 60. De

pending on the position of the second valve 21, fluid communication is also 

established between the flushing device 90 and the source conduit 70 and 

30 thereby the source 6, and/or the flushing device 90 and the waste flow path, 

and/or the flushing device 90 and the recipient flow path.  

The third valve 22 being in the first position, allows the flushing device
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90 to transport an amount of the flushing liquid from the flushing reservoir 80 

to itself 90.  

Subsequently arranging the third valve 22 in the second position and 

arranging the second valve 21 in the flushing position enables the flushing de

5 vice 90 to transport an amount of the flushing liquid contained in itself 90 into 

the bolus conduit 30.  

The second valve 21 being in the suction position establishes fluid 

communication between the source conduit 70 and the flushing conduit 60. If 

the third valve 22 is simultaneously in its second position, fluid communication 

10 is established between the flushing device 90 and the source 6.  

This allows the flushing device 90 to transport an amount of the radio

active solution present from the source and into itself 90.  

Subsequently arranging the third valve 22 in the first position, allows 

the flushing device 90 to transport an amount of the flushing liquid from the 

15 flushing reservoir 80 to itself 90.  

Thereby the radioactive solution may be mixed with an amount of 

flushing liquid.  

Alternatively, or additionally, the third valve 22 is arranged in the sec

ond position and the second valve 21 is arranged in the flushing position, this 

20 enables the flushing device 90 to transport an amount of the content of itself 90 

into the bolus conduit 30.  

The flushing device 90 is adapted to transport liquids at a pre-selected 

speed. The speed setting may vary depending on usage of the infusion system.  

The speed may also vary during a single transportation, so that the 

25 transported liquid entering the recipient has a specific injection profile. The in

jection profile may be measured with a radiation detector.  

The flushing device 90 is adapted to contain a volume of liquid, said 

volume of liquid being at least approximately equal to or larger than the total 

internal volume of the conduits that defined a flow path from the flushing device 

30 90 to the recipient 2.  

In the specific embodiment shown on figure 1, the conduits that define 

the flow path from the flushing device 90 to the recipient 2 are; the flushing
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device conduit 91, the flushing conduit 60, the bolus conduit 30 and the recipi

ent conduit 50.  

The volume of liquid that the flushing device is adapted to contain is 

preferably up to 250 ml, but more preferably up to 100 ml, and most preferably 

5 up to 60 ml.  

It is to be understood that the volume of liquid the flushing device is 

adapted to contain shall as a minimum be of a size allowing for flushing of the 

entire flow path from the flushing device into the recipient.  

The flushing device 90 comprises a force sensor 94. The force sensor 

10 94 being adapted to continuously measure the amount of force used to 

transport the liquid.  

The force sensor 94 may have a pre-selected warning level and/or 

alarm level. These levels may vary depending on the usage of the infusion sys

tem.  

15 The levels may both be too low and/or too high in relation to the pre

selected speed of the transportation.  

The levels may be automatically selected or manually selected.  

If the measured amount of force used reaches the warning level, a 

warning sign may be signalled. The warning sign may be visual and/or audible 

20 or a combination thereof.  

If the measured amount of force used reached the alarm level, the 

transportation of liquid to the recipient may be interrupted.  

The specific internal volume of the bolus conduit 30 is approximately 

0.1 - 50 ml, preferably approximately 1 - 10 ml and most preferred approxi

25 mately 2 ml.  

The infusion system 1 further comprises a second radiation detector 

54 and/or a bubble detector 55.  

The second radiation detector 54 is arranged in relation to the recipient 

conduit 50, so that the radiation detector 54 is able to determine a level of ra

30 dioactivity of the solution being transported from said bolus conduit 30 said 

recipient 2.  

The waste conduit 40 comprises a check valve 49. The check valve is
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a single way check valve.  

The waste conduit 40 comprises a decay conduit 43.  

The length of the decay conduit 43 may be dependent on the amount 

of liquid that is transported to the waste. This is again for example dependent 

5 on the amount of radioactive solution transported into the infusion system from 

the source.  

The waste conduit may be connected to an external collection vessel 

of a suitable size.  

The infusion system of figure 1 may be used in a method according to 

10 the first aspect of the invention.  

Figure 1 also shows an embodiment of the infusion system according 

to the present invention, the infusion system 1 being suitable for delivering a 

liquid radioactive solution from a source 6 to a recipient 2.  

Before commencing the delivery of the liquid radioactive solution from 

15 the source 6 to the recipient 2, a suitable infusion system 1 is selected, the 

infusion system depending on the type of delivery to be done.  

A new recipient system 200 is selected to ensure, that no cross con

tamination occurs between recipients.  

Before connecting the infusion system 1 to the recipient 2, if any liquid 

20 is present in the infusion system a recovery mode setting is initiated, wherein 

the infusion system is flushed with flushing liquid. The flushing liquid flowing 

out of the system through the waste outlet 42 and/or the recipient system outlet 

252.  

In an embodiment the flushing of the system is done by arranging the 

25 second valve 21 in the flushing position, arranging the third valve 22 in the third 

position and transporting the flushing liquid from the flushing reservoir 80 

through the flushing conduit 60, through the bolus conduit 30 and depending 

on the position of the first valve 20, which position may change during the flush

ing, through the waste conduit 40 and/or the recipient conduit 50 and the recip

30 ient system 200.  

To initiate the delivery of the radioactive solution from the source 6 to 

the recipient 2, the following steps are performed:
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The third valve 22 is arranged the first position.  

The flushing device 90 transports an amount of flushing liquid from the 

flushing liquid reservoir 80 and into itself via the flushing reservoir conduit 81, 

the third valve 22 and the flushing device conduit 91.  

5 The third valve 22 is then arranged in the second position.  

A desired recipient level of radioactivity and recipient volume of the 

radioactive solution to be delivered to the recipient is determined.  

The first valve 20 is arranged in the waste position.  

The second valve 21 is arranged in the inlet position.  

10 A first amount of said radioactive solution is transported through said 

source conduit 70 and the waste flow path.  

The first amount of said radioactive solution has an initial level of radi

oactivity that is at least approximately equal to or higher than the desired recip

ient level of radioactivity and an initial volume that is larger than the internal 

15 volume of said bolus conduit.  

The first radiation detector 10 measures a reference level of radioac

tivity of the radioactive solution in said measuring section.  

When the reference level of radioactivity is approximately equal to an 

injection level of radioactivity, the first valve 20 is then arranged in the recipient 

20 position, the second valve 21 is arranged in the flushing position 

The flushing liquid is then transported through the flushing device con

duit 91, the third valve 22, the flushing conduit 60, the second valve 21, the 

bolus conduit 30, the first valve 20, the recipient conduit 50 and the recipient 

system 200, whereby the liquid radioactive solution in the bolus conduit 30 is 

25 transported through the recipient flow path and to the recipient.  

Figure 2 shows an embodiment of the measuring section 300 and the 

radiation detector 10.  

The measuring section 300 is coil shaped.  

A part 11 of the radiation detector 10 is arranged within the measuring 

30 section 300.  

Said measuring section 300 wreathes said part 11 of the radiation de

tector.
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In an embodiment the total bolus conduit 30 volume is approximately 

2 ml, the total length of the bolus conduit is 1.85 m and the conduit has an inner 

diameter of 1.25 mm.  

In an embodiment the total inner volume of the measuring section 300 

5 is approximately equal to the total inner volume of the bolus conduit 30.  

Figure 3 shows an embodiment of the infusion system 1 according to 

the invention.  

A first sterile filter 60 is arranged between the source 6 and the bolus 

conduit 70. This sterile filter 60 is arranged so that the radioactive solution from 

10 the source 6 flows trough said sterile filter 60 before reaching the source con

duit and/or the bolus conduit 60.  

The infusion system 1 is a sterile infusion system.  

The infusion system 1 further comprises a recipient system 200. The 

recipient system 200 is arranged between the recipient conduit 50 and the re

15 cipient 2. The recipient system establishes fluid communication between the 

recipient conduit 50 and the recipient 2.  

The recipient system 200 may form part of the recipient flow path.  

The recipient system 200 comprises recipient system conduit 250. The 

conduit 250 comprising a recipient system outlet 252 adapted for flow out of 

20 said recipient system conduit 250 to the recipient 2.  

The recipient system conduit 250 also comprises an infusion system 

end 251 opposite the recipient system outlet 252. The infusion system end 251 

being connected to the recipient outlet 52 of the recipient conduit 50.  

The recipient system 200 further comprises a sterile filter 260 arranged 

25 between the infusion system end 251 and the recipient system outlet 252, so 

that liquid transported in said recipient system conduit 250 from the infusion 

system end 251 towards the recipient system outlet 252 passes the sterile filter 

260 before reaching the recipient.  

The recipient system 200 also comprise a check valve 209. The check

30 valve is a single way check valve.  

The check valve prevents a possible back flow from the recipient to 

the system, thereby preventing cross-contamination of for example viruses.
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The check valve 209 is arranged downstream of the sterile filter 260, 

between the sterile filer 260 and the recipient system outlet 252.  

The recipient 2 is a device for intravenous (IV) administration of said 

liquid radioactive solution in said bolus conduit 30 into a human or animal body.  

5 The device for IV administration may be an injection needle and/or a Peripheral 

venous catheter and/or an arterial catheter.  

Figure 4 shows a schematic overview of another embodiment of the 

infusion system, wherein the infusion system is connected to a production sys

tem 6 and a recipient system 200.  

10 In an embodiment the infusion system and/or the production system 6 

and/or the recipient system 200 is exchangeable.  

Thereby a fixed hardwired system (elements outside the dashed lines) 

is present in the overall system and the different system parts 6, 1, 200 may be 

changed as desired.  

15 This providing an easy and cost effective way of switching between 

different measurements with different requirement, whilst still ensuring no cross 

contamination between patients and that the entire system is sterile.  

The production system 6 comprises everything inside the appertaining 

dashed line. The production system 6 and the hardwired system are connected 

20 by a number of connections, namely connection 609, 611, 614, 619, 621 and 

624.  

The production system 6 may be exchanged daily.  

When a new production system 6 is connected to the hardwired sys

tem, a RFID System ID reader 633 may read the information on the production 

25 systems' RFID System ID tag 632 to ensure that the system has not been used 

previously.  

In an embodiment the infusion system 1 also comprises a RFID Sys

tem ID tag and/or the hardwire system comprises an appertaining RFID System 

ID reader for ensuring that the infusion system has not been used before.  

30 The process of producing the radioactive solution, here exemplified 

with 0-15 H20, will be described in the following and in relation to figure 4.  

Radioactive 0-15 02 gas is delivered from a cyclotron (not shown) and
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mixed with hydrogen. Nitrogen is used as carrier-gas. This gas will in the fol

lowing be mentioned as '0-15 H20 gas'.  

The gas enters the production system 6 though an inlet connection 

600 and is transported to a valve 601 and/or another valve 602.  

5 The positions of valve 601 and valve 602 are controlled simultane

ously, so that they always change position in parallel, thereby they control 

which way the gas passes through the system. The radioactive gas is either 

passed directly from valve 601 to valve 602 (on figure 4 the gas is transported 

to the left side after valve 601) and then towards outlet connection 603, or the 

10 gas is transported into the system (in which case the gas goes right after valve 

601 on fig. 4) before being looped back around through other elements (such 

as612, 616, 618, 619) and then exiting at connection 603.  

When the delivery of gas begins, the gas is to be sent directly out of 

the system. Therefore, valve 601 is in the position that directs the radioactive 

15 0-15 02 gas directly towards valve 602, which in turn is in the position that 

directs the radioactive gas towards outlet connection 603.  

The construction of valve 602 does not allow the radioactive 0-15 02 

to pass from valve 602 towards connection 619.  

A check valve 618 is present ensure that no backflow of gas towards 

20 a mixer 617 is possible.  

The mixer 617 has five tubes connected to it, all entering at the top 

and ending inside the mixer at differing levels, their openings facing the bottom 

of the mixer 617.  

When the delivery of 0-15 02 gas begins, the fill up of saline from a 

25 saline reservoir 622 into the mixer 617 also begins.  

A pump 620 starts running to pump saline from the saline reservoir 

622 through a tube extends into the mixer 617 and ends close to the top of said 

mixer 617.  

Pump 623 also starts running. This pump 623 pumps air and/or exces

30 sive water out from the mixer 617 through another tube. This tube is located 

inside the mixer at a distance from the bottom of said mixer 617, thereby defin

ing the maximum volume of saline that can be filled into the mixer 617.
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To avoid a negative pressure (i.e. an under pressure) in the system 

whilst pump 623 is pumping out air, valve 607 is set to an on-position to let air 

pass into the system through compressor 606 and sterile filter 605.  

When the compressor 606 is not on, it comprises a function that allows 

5 air to pass from its inlet (below 606 on fig. 4) to its outlet (above 606 on fig. 4) 

when there is an under pressure on its outlet side.  

When the mixer 617 is filled it will maintain a volume that is below or 

approximately equal to the volume defined by the tube that transports saline in 

from the saline reservoir 622. This may be dependent on a pre-set value or by 

10 the user requested production saline volume.  

Then pump 620 stops running after which pump 623 stops running.  

Valve 607 is set to an off-position to stop the allowance of air to enter the sys

tem through sterile filter 605 and compressor 606, as this is no longer needed 

when pump 623 is not running.  

15 The positions of valve 601 and valve 602 are now changed in parallel, 

to allow the 0-15 02 gas to pass through the mixer 617.  

On its way to the mixer 617 the gas passes through; 

- a flow sensor 604, to ensure that the flow rate of the gas is within 

a defined allowed range, 

20 - a pressure sensor 608, which is connected at a T-piece, to ensure 

that the pressure of the gas is within a defined allowed range, 

- a connection 609, 

- a sterile filter 610 to ensure that the gas is sterile, 

- another connection 611 and therefrom 

25 - into an oven 612 in which it is heated up to create 0-15 H20 gas.  

The temperature of the oven 612 is monitored by temperature sensor 

613.  

The 0-15 H20 gas is then passed through another connection 614 

and another check valve 615 before finally entering the mixer 617 through a 

30 tube, that extends into the mixer and has an ending arranged relatively close 

to the bottom of the mixer 617 (not visible from the drawing).  

Thereby the 0-15 H20 gas bubbles through the saline present in the
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mixer 617, in which a very large percentage of the radioactive 0-15 H20 is 

dissolved, before exiting the mixer 617 through a tube, said tube having an 

opening arranged relatively close to the top of the mixer 617.  

The gas, which now consists mostly of a nitrogen carrier gas, is passed 

5 through a check valve 618 and a connection 619, through valve 602 which di

rects it towards connection 603, where it exits the production system.  

The bubbling of gas in the mixer 617 continues until the requested 

production level in mixer 617 is detected by radioactivity sensor 616.  

Then valve 601 and 602 again change position in parallel. Valve 601 

10 is set to the position that directs the radioactive 0-15 02 gas directly towards 

valve 602, which is set to the position that directs the radioactive gas towards 

outlet connection 603.  

The radioactive 0-15 H20 in the mixer 617 is then drawn up into sy

ringe 630 whilst valve 629 is set to a position that allows this.  

15 The tube inside the mixer 617 through which the 0-15 H20 is drawn 

up has its opening arranged approximately at the bottom of the mixer, ensuring 

that all the 0-15 H20 will be drawn up.  

As the volume of syringe 630 is larger than the maximum volume of 

the 0-15 H20 in mixer 617, air is also drawn up into syringe 630.  

20 Then the position of valve 629 is changed to allow passage of the con

tent of the syringe towards a sterile filter 631.  

The content of syringe 630 is thus emptied towards the sterile filter 31, 

through which the 0-15 H20 passes first, followed by the air, which is let out 

of sterile filter 631, as it is a vented filter.  

25 Thereby the production of the 0-15 H20 is complete.  

The amount of 0-15 H20 that thereafter enters the infusion system, is 

referred to as the first amount of the radioactive solution.  

The transportation of 0-15 H20 from the production system 6 (i.e. the 

source) to the recipient 2 is explained in relation to figures 1- 3.  

30 The skilled person will understand that the term "dosing position" cor

responds to the "recipient position", the "dosing conduit" corresponds to the 

"recipient conduit", the "dosing outlet" corresponds to the "recipient, the "dosing
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flow path" corresponds to the "recipient flow path", the "final level" corresponds 

to the "recipient level", and that the terms are used in relation to the same ele

ments but in different claims to avoid confusion.  

Throughout the specification, unless the context requires otherwise, 

5 the word "comprise" or variations such as "comprises" or "comprising", will be 

understood to imply the inclusion of a stated integer or group of integers but 

not the exclusion of any other integer or group of integers.  

Each document, reference, patent application or patent cited in this 

text is expressly incorporated herein in their entirety by reference, which means 

10 that it should be read and considered by the reader as part of this text. That 

the document, reference, patent application, or patent cited in this text is not 

repeated in this text is merely for reasons of conciseness.  

Reference to cited material or information contained in the text should 

not be understood as a concession that the material or information was part of 

15 the common general knowledge or was known in Australia or any other country.
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C L A I M S 

1. A non-surgical method of delivering a liquid radioactive solution from 

a source to a recipient comprising the steps of: 

- determining a desired recipient level of radioactivity and recipient vol

5 ume of the radioactive solution to be delivered to the recipient, 

- providing a first valve having a waste position and a recipient position, 

- providing a bolus conduit 30, a waste conduit 40 and a recipient con

duit 50, each conduit having a valve end being connected to said first valve, so 

that the first valve can establish a waste flow path in the waste position and a 

10 recipient flow path in the recipient position, the recipient flow path being differ

ent from said waste flow path, the bolus conduit comprising a measuring sec

tion and an internal volume, the internal volume being approximately equal to 

the desired recipient volume of the radioactive solution to be delivered to the 

recipient, 

15 - arranging said first valve in the waste position, 

- transporting a first amount of said radioactive solution through said 

waste flow path, the first amount of said radioactive solution having an initial 

level of radioactivity that is at least approximately equal to or higher than the 

desired recipient level of radioactivity and an initial volume that is larger than 

20 the internal volume of said bolus conduit, 

- providing a radiation detector, the radiation detector being operable 

to measure a level of radioactivity of the radioactive solution in said measuring 

section, 

- measuring a reference level of radioactivity of said radioactive solu

25 tion present in said measuring section, 

c h a r a c t e r i z e d in that when the reference level of radioactivity 

is approximately equal to an injection level of radioactivity, the method further 

comprises the steps of: 

- arranging the first valve in the recipient position, and 

30 - transporting the radioactive solution present in the bolus conduit 

through the recipient flow path.
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2. A non-surgical method of delivering a liquid radioactive solution ac

cording to claim 1, wherein the injection level of radioactivity of the radioactive 

solution differs at most ±10%, preferably at most ±7%, more preferred at most 

±5% from the desired recipient level of radioactivity.  

5 3. A non-surgical method of delivering a liquid radioactive solution ac

cording to any one of the previous claims, further comprising the steps of: 

- providing a second valve having an inlet position and a flushing po

sition, 

- providing a flushing conduit and a source conduit, each conduit hav

10 ing a valve end being connected to said second valve, the source conduit being 

adapted for transporting the first amount of said radioactive solution from the 

source into the bolus conduit, when the second valve is in the inlet position, 

- providing a flushing liquid reservoir comprising a flushing liquid, said 

flushing liquid reservoir being connected to said flushing conduit, 

15 - providing a flushing device being adapted for transporting the flush

ing liquid from the flushing liquid reservoir through said flushing conduit and 

into the bolus conduit, when the second valve is in the flushing position.  

4. A non-surgical method of delivering a liquid radioactive solution ac

cording to claim 3, further comprising: 

20 - before the step of transporting a first amount of said radioactive so

lution through said waste flow path, arranging the second valve in the flushing 

position, and transporting the flushing liquid through the flushing conduit and 

through the bolus conduit.  

5. A non-surgical method of delivering a liquid radioactive solution ac

25 cording to any one of claim 3 - 4, wherein the step of transporting the radioac

tive solution present in the bolus conduit through the recipient flow path com

prises: 

- arranging the second valve in the flushing position, and transporting 

the flushing liquid through the flushing conduit, through the bolus conduit and 

30 the recipient conduit, whereby the liquid radioactive solution in the bolus con

duit is moved through the recipient flow path and to the recipient.  

6. An infusion system for delivering a liquid radioactive solution from a
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source to a recipient, said system comprising: 

- a radiation detector, 

- a first valve having a waste position and a recipient position, 

- a bolus conduit 30, a waste conduit 40 and a recipient conduit 50, 

5 each conduit having a valve end being connected to said first valve, so that the 

first valve can establish a waste flow path in the waste position and a recipient 

flow path in the recipient position, the recipient flow path being different from 

said waste flow path, 

wherein the waste flow path is defined by the bolus conduit 30 and the 

10 waste conduit, and the recipient flow path is defined by the bolus conduit 30 

and the recipient conduit 50, 

wherein the bolus conduit 30 comprises a bolus inlet adapted to re

ceive the radiopharmaceutical solution from the source, the waste conduit com

prises a waste outlet adapted for flow out of said waste conduit 40 and the 

15 recipient conduit 50 comprises a recipient outlet adapted for flow out of said 

recipient conduit to a recipient, 

wherein the bolus conduit comprises a measuring section and a spe

cific internal volume, the radiation detector being operable to determine a ref

erence level of radioactivity of the solution present in said measuring section, 

20 characterized in that the waste flow path establishes liquid 

communication between said bolus inlet and said waste outlet, and the recipi

ent flow path establishes liquid communication between the bolus inlet and the 

recipient outlet, 

wherein the radioactive solution comprises a radiopharmaceutical hav

25 ing a radioactive half-life of less than 3 minutes.  

7. An infusion system for delivering a liquid radioactive solution from a 

source to a recipient according to any one of the previous claims, said system 

comprising: 

- a second valve having an inlet position and a flushing position, 

30 - a flushing conduit and a source conduit, each conduit having a valve 

end being connected to said second valve, the source conduit being adapted 

for transporting the radioactive solution from the source into the bolus conduit,
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when the second valve is in the inlet position, 

- a flushing liquid reservoir comprising a flushing liquid, said flushing 

liquid reservoir being connected to said flushing conduit, 

- a flushing device being adapted for transporting the flushing liquid 

5 from the flushing liquid reservoir through said flushing conduit and into the bo

lus conduit, when the second valve is in the flushing position.  

8. A non-surgical method of delivering a liquid radioactive solution ac

cording to any one of claims 1 - 5, or an infusion system for delivering a liquid 

radioactive solution according to any one of claims 6 or 7, wherein a second 

10 radiation detector 54 and/or a bubble detector 55 is arranged adjacent to the 

recipient conduit 50.  

9. A non-surgical method of delivering a liquid radioactive solution ac

cording to any one of claims 1- 5 or 8, or an infusion system for delivering a 

liquid radioactive solution according to any one of claims 6 - 8, wherein the 

15 specific internal volume of the bolus conduit is approximately 0.1 - 50 ml, pref

erably approximately 1 - 10 ml and most preferred approximately 2 ml.  

10. A non-surgical method of delivering a liquid radioactive solution 

according to any one of claims 1 - 5 or 8 - 9, or an infusion system for delivering 

a liquid radioactive solution according to any one of claims 6 - 9, wherein the 

20 radioactive solution comprises a radiopharmaceutical having a radioactive half

life of less than 21 minutes, preferably less than 10 minutes, more preferred 

less 3 minutes.  

11. A non-surgical method of delivering a liquid radioactive solution 

according to any one of claims 1 - 5 or 8 - 10, or an infusion system for deliv

25 ering a liquid radioactive solution according to any one of claims 6 - 10, wherein 

said recipient is a device for intravenous (IV) administration of said liquid radi

oactive solution in said bolus conduit into a human or animal body.  

12. A non-surgical method of delivering a liquid radioactive solution 

according to any one of claims 1 - 5 or 8 - 11, or an infusion system for deliv

30 ering a liquid radioactive solution according to any one of claims 6 - 11, 

wherein;
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- an injection speed of the radioactive solution to the recipient is ap

proximately 0.05 - 7 ml/second, preferably approximately 1 - 5 ml/second and 

most preferred approximately 2 ml/second, and/or 

- the liquid radioactive solution in the bolus conduit is moved out of 

5 said bolus conduit in less than approximately 5 seconds, preferably less than 

2,5 seconds, and more preferred approximately 1 second, and/or 

- the liquid radioactive solution is transported out of said recipient con

duit and to said recipient in less than approximately 10 seconds, preferably less 

than 5 seconds, and more preferred approximately less than 3 second.  

10 13. A non-surgical method of delivering a liquid radioactive solution 

according to any one of claims 1 - 5 or 8 - 12, or an infusion system for deliv

ering a liquid radioactive solution according to any one of claims 6 - 12, wherein 

the measuring section is spiral-shaped or helically shaped or coil shaped.  

14. A non-surgical method of delivering a liquid radioactive solution 

15 according to claim 13, or an infusion system for delivering a liquid radioactive 

solution according to claim 13, wherein a part of the radiation detector is ar

ranged within the measuring section, so that said measuring section wreathes 

said part of the radiation detector, the radiation detector being operable to de

termine a level of radioactivity of the solution in the measuring section.  

20 15. Use of an infusion system according to any one of claims 6 - 14 in 

a method of delivering a liquid radioactive solution according to any one of 

claims 1 - 5 or 8 - 14.  

16. A non-surgical method of dosing a liquid radioactive solution hav

ing a desired final level of radioactivity and a final volume comprising the steps 

25 of: 

- determining said desired final level of radioactivity and final volume 

of the radioactive solution to be produced, 

- providing a first valve having a waste position and a dosing position, 

- providing a bolus conduit 30, a waste conduit 40 and a dosing conduit 

30 50, each conduit having a valve end being connected to said first valve, so that 

the first valve can establish a waste flow path in the waste position and a dosing 

flow path in the dosing position, the dosing flow path being different from said
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waste flow path, the bolus conduit comprising a measuring section and an in

ternal volume, the internal volume being approximately equal to the desired 

final volume of the radioactive solution, 

- arranging said first valve in the waste position, 

5 - transporting a first amount of said radioactive solution through said 

waste flow path, the first amount of said radioactive solution having an initial 

level of radioactivity that is at least approximately equal to or higher than the 

desired final level of radioactivity and an initial volume that is larger than the 

internal volume of said bolus conduit, 

10 - providing a radiation detector, the radiation detector being operable 

to measure a level of radioactivity of the radioactive solution in said measuring 

section, 

- measuring a reference level of radioactivity of said radioactive solu

tion present in said measuring section, 

15 c h a r a c t e r i z e d in that when the reference level of radioactivity 

is approximately equal to an pre-final level of radioactivity, the method further 

comprises the steps of: 

- arranging the first valve in the dosing position, and 

- transporting the radioactive solution present in the bolus conduit 

20 through the dosing flow path, 

so that the radioactive solution has the desired final level of radioactivity when 

said radioactive solution reaches the end of the dosing flow path.  

17. A non-surgical method of dosing a liquid radioactive solution ac

cording to claim 16, wherein the pre-final level of radioactivity of the radioactive 

25 solution differs at most ±10%, preferably at most ±7%, more preferred at most 

±5% from the desired final level of radioactivity.  

18. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 17, further comprising the steps of: 

- providing a second valve having an inlet position and a flushing po

30 sition, 

- providing a flushing conduit and a source conduit, each conduit hav

ing a valve end being connected to said second valve, the source conduit being
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adapted for transporting the first amount of said radioactive solution from the 

source into the bolus conduit, when the second valve is in the inlet position, 

- providing a flushing liquid reservoir comprising a flushing liquid, said 

flushing liquid reservoir being connected to said flushing conduit, 

5 - providing a flushing device being adapted for transporting the flush

ing liquid from the flushing liquid reservoir through said flushing conduit and 

into the bolus conduit, when the second valve is in the flushing position.  

19. A non-surgical method of dosing a liquid radioactive solution ac

cording to claim 18, further comprising: 

10 - before the step of transporting a first amount of said radioactive so

lution through said waste flow path, arranging the second valve in the flushing 

position, and transporting the flushing liquid through the flushing conduit and 

through the bolus conduit.  

20. A non-surgical method of dosing a liquid radioactive solution ac

15 cording to any one of claim 18 to 19, wherein the step of transporting the radi

oactive solution present in the bolus conduit through the dosing flow path com

prises: 

- arranging the second valve in the flushing position, and transporting 

the flushing liquid through the flushing conduit, through the bolus conduit and 

20 the dosing conduit, whereby the liquid radioactive solution in the bolus conduit 

is moved through the dosing flow path and to the end of said dosing flow path.  

21. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 20, wherein a second radiation detector 54 

and/or a bubble detector 55 is arranged adjacent to the dosing conduit 50.  

25 22. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 21, wherein the specific internal volume of 

the bolus conduit is approximately 0.1 - 50 ml, preferably approximately 1 - 10 

ml and most preferred approximately 2 ml.  

23. A non-surgical method of dosing a liquid radioactive solution ac

30 cording to any one of claims 16 to 22, wherein the radioactive solution com

prises a radiopharmaceutical having a radioactive half-life of less than 21 

minutes, preferably less than 10 minutes, more preferred less 3 minutes.
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24. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 23 wherein an injection speed of the radio

active solution out from the dosing flow path is approximately 0.05 - 7 ml/sec

ond, preferably approximately 1 - 5 ml/second and most preferred approxi

5 mately 2 ml/second.  

25. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 23 wherein the liquid radioactive solution in 

the bolus conduit is moved out of said bolus conduit in less than approximately 

5 seconds, preferably less than 2,5 seconds, and more preferred approximately 

10 1 second.  

26. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 23 wherein the liquid radioactive solution is 

transported out of said dosing conduit in less than approximately 10 seconds, 

preferably less than 5 seconds, and more preferred approximately less than 3 

15 second.  

27. A non-surgical method of dosing a liquid radioactive solution ac

cording to any one of claims 16 to 26, wherein the measuring section is spiral

shaped or helically shaped or coil shaped.  

28. A non-surgical method of dosing a liquid radioactive solution ac

20 cording to 27, wherein a part of the radiation detector is arranged within the 

measuring section, so that said measuring section wreathes said part of the 

radiation detector, the radiation detector being operable to determine a level of 

radioactivity of the solution in the measuring section.  

29. Use of an infusion system according to any one of claims 6 - 14 in 

25 a method of dosing a liquid radioactive solution according to any one of claims 

16 to 28.  

30. An infusion system for delivering a liquid radioactive solution from 

a source to a recipient according to any one of claims 6 - 7, wherein said bolus 

has a substantially cylindrical body or delimitation and an unvarying (homoge

30 neous) radioactivity profile throughout the volume of the bolus.  

31. An infusion system for delivering a liquid radioactive solution from 

a source to a recipient according to any one of claims 6 - 7 or 30, wherein the
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recipient is a device, such as a receptacle, an IV bag or a catheter.  

32. An infusion system for delivering a liquid radioactive solution from 

a source to a recipient according to any one of claims 6 - 7 or 30 - 31, wherein 

the recipient comprises a human patient in fluid communication with the sys

5 tem, so that the radioactive solution may be transferred directly to the patient.
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