
JOURNAL OF NUCLEAR MEDICINE 8:229-232, 1967

Technetium-99m as a Label for Erythrocytes2

J. Fischer,R.WolfandA.Leon'

Main:, Germany and Santiago, Chile

In 1964 Harper et al first published a new method for the application of
D9mTc pertechnetate in thyroid and brain scanning ( 1 ). The extraordinarily fa

vorable radiation characteristics of this radioisotope have made it the most
desirable isotope for scintingraphy. Now it is used as a labeled compound for
lung scanning (2), liver scanning ( 1 ), scanning of cardiac bloodpool ( 3), of
bone marrow (4 ) and the kidneys (5). In scintigraphy of the liver using 9omTc@
labeled sulphur colloids, the spleen can be seen regularly, so that this organ
may be scanned in this way. The method is reliable but not suited for isolated
scintigraphy of the spleen. The spleen often cannot be differentiated from the
left lobe of the liver. In the lateral position of the patient in which the great
est area of the spleen is visible (6 ), an overlapping with the liver shadow al
ways occurs. For selective scanning of the spleen, therefore, the methods of 51Cr
labeled, heated erythrocytes (7-9, 6, 10-14, 15, 16-20, 21, 23) or of BMHP ( â€˜97Hg)
(24,25)incubatedbloodarepreferable.

In both methods, artificially induced spherocytes are used as carriers of
the radioactivity which must be deposited in the spleen. It seems reasonable,
therefore, to try to label erythrocytes with 99mTc and then to submit them to an
alteration process and thus use the favorable radiation characteristics of 99mTc
for an isolated scintigraphy of the spleen. We have investigated this possibility
and have found that it is possible under certain conditions, which must be
strictly observed, to label erythrocytes with B9mTcirreversibly and with high
yield. About 12 ml of blood are withdrawn from the patient's cubital vein on
3 ml ACD solution.3 The erythrocytes are separated from the plasma and then
suspended in physiologicalsalinesolution.Then 1 mC 9omTc@pertechnetateis
added. The incubation time is about 20 minutes, then the labeled erythrocytes
are washed twice with saline solution and resuspended in the patient's plasma
and altered in a water bath at 49.5Â°Cfor 20 minutes. Immediately after finish
ing the alteration procedure, the erythrocytes are injected into the patient.
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The exact mechanism of the labeling process and its kinetics are still under
investigation. 99mTc@labeled erythrocytes may be used in the usual manner for
the determination of the red cell mass. Their advantages are the low radiation
burden for the patient and the short half-life of 99mTc,which makes it possible
to repeat the investigation after a short time without an increased background.

The binding of 99mTc to the erythrocytes is very firm so that it is not broken
up by a heat alteration of 49,5Â°C (20 mm. ). By means of such a preparation,
O9mTc4abeled, heat induced spherocytes are therefore available for the selective
scintillation scanning of the spleen. After injection into the circulatory system,
these spherocytes behave exactly like 5Cr-labeled, heat-altered erythrocytes ( Fig.
1 ) . Even in vivo no remarkable dissociation of technetium appears. The method
is therefore also suited for the investigation of splenic blood flow and spleen
function by means of the test we have developed ( 7, 8, 26-28, 29, 30). During the
measuring period of 45 to 60 minutes, however, one has to make correction for
the physical decay of technetium-99m.

Since the D9mTc4abeled, heat-induced spherocytes accumulate selectively
in the spleen, one obtains excellent scans even in cases of extreme splenomegalies
(Fig.2 and3). In principle,it is onlynecessaryto use50to 100 @C99mTcfor
labeling the erythrocytes in cases of moderate enlargement of the spleen. We
prefer, however, to use higher activities, since the radiation burden is low and
the quality of the scans can be improved as the result of better statistics. The
scans shown in Figures 2 and 3 were made with 2 mC technetium ( cpm on the
Picker Magnascanner III = 20 000; 19-hole focussing collimator).

During an observation period of 48 h there is no substantial loss in activity
of o9mTc in the spleen by biological processes, so that the scanning can be re
peated as long as the physical decay makes it possible.

Fig. 1. Blood clearance of D9mTc.labeled, heated erythrocytes. Measurement using the
ARMAC forearm-counter.
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Fig. 2 (left). Spleen scan using DamTc.labeled, heated erythrocytes. Supine position of
the patient. It was a case of osteomyelofibrosis.

Fig. 3 (right). Lateral scan of the same patient.

REFERENCES

1. HARPER,P. V., LATHROP,K. A., MCCARDLE,R. J., ANDANDROS,C.: The use of
Technetium-99m as Pertechnetate for Thyroid, Liver and Brain Scanning. Medical Radioisotope
Scanning, Vol. II, 33. IAEA Vienna, 1964.

2. WEBBER,M. M., BENNEi-F,L. R., ANDSUPRENANT,E. L. : The Technique and Inter
pretation of Lung Scans using Technetium-99m Labeled Macroaggregated Albumin. 13th
Ann. Meeting Soc. Nucl. Med., Philadelphia, June 22-25, 1966.

3. WEBBER, M. M., T0BIN, P. L., AND BENNETT, L. R. : Cardiac Blood Pool Scanning
using Technetium-99m Labeled Albumin. 13th Ann. Meeting Soc. Nucl. Med., Philadelphia,
June 22-25, 1966.

4. Ai-iuNs, H. L., SCHIFFER, L., GREENBERG, M. L., AND RICHARDS, P. : Reticuloendothelial

Activity of Spleen and Marrow Studied with Technetium-99m. 13th Ann. Meeting Soc. Nuci.
Med., Philadelphia, June 22-25, 1966.

5. GOTTSCHALK, A., LATHROP, K. A., AND HARPER, P. V. : Technetium-99m Iron Complex
as a Renal Scanning Agent. 13th Ann. Meeting Soc. Nucl. Med., Philadelphia, June 22-25,
1966.

6. FISCHER, J., AND WOLF, R.: Die quantitative AbschÃ¤tzung der Milzgrope mit Hilfe der
Szintigraphie. Dtsch. Med. Wschr. 88: 1430, 1963.

7. FISCHER,J. : Klinik und Diagnostik des Milzerkrankungen. Verh. Dtsch. Ges. inn. Med.
1963; J. F. Bergmann, Munchen 1963, 798.

8. FISCHER, J. : Milzdiagnostik mit Radionukliden. 45. Dtsch. Rontgenkongrep Wiesbaden
1964; G. Thieme, Stuttgart, 1965.

9. FISCHER, J.: Die Milzszintigraphie. Radiology 5:372, 1965.
10. FISCHER, J., AND WOLF, R.: Ergebnisse der szintigraphischen Darstellung der Milz

nach Injektion von Chromium-51â€”markierten und wÃ¤rmegeschadigten Erythrozyten. 43. Dtsch.
RÃ¶ntgenkongrep KÃ¶ln, 1962.

/



232 FIScHER,WOLF,LEON

11. FISCHER, J., AND WOLF, R.: Die szintigraphische Darstellung der MiIz mit Radio
chrom (Chromium-51 ). Dtsch med. Wschr. 88:305, 1963.

12. Fisciiâ‚¬n, J., AND WOLF, R. : Grundlagen und Technik der Milzszintigraphie. Ada
hep.-splenol. ( Stuttgart) 10:209, 1963.

13. FIscHER, J., AND WOLF, R. : Die Szintigraphie des Milz mit Chromium-51 in Szinti
graphie und Radiokardiographie. Sym. Schweiz. Akad. Med. WiSs. Basel, 28.-30. September,
1962, Schwabe & Co., Edition Basel/Stuttgart, 1963, 184.

14. FlscisEs, J.. ANDWOLF, R.: RÃ©sultatsde 1-application clinique de Ia scintigraphie
de la rate dans 500 cas: possibilities et limites. Medical Radioisotope Scanning. Symposium
Athen, 20.-24.4. 1964. Vol. II IAEA Vienna 1964, 337.

15. F@scumi, J., SEYERIN, G., AND WOLF, R. : Die Stellung des Szintigraphie im Rahmen
der radiologischen Milzdiagnostik. Acts Radiol. ( Stockholm ) Bd. III, 278, 1965.

16. HOR5T, W., SCHNEIDER, C., AND VILLANUEVA-MEYER, H. : Die szintigraphische Dar
stellung der Milz mit Chromium-51-marierten, warmegeschadigten roten Blutzellen und Unter

suchungen Ã¼ber die quantitative Verteilund des Chromium-Si fin Organismus. Radio-Isotope
in der HÃ¤matologie. I. Int. Symp. Freiburg i. Br.; i.-3. MÃ¤rz 1962; Friedrich Karl Schattauer
Verlag, Stuttgart 1963, 249.

17. JAMMET, H. R., GONGORA, G., BILSKI-PASQULER, G., DUHAMEL, C., AND MARCHAL, C.:
L'autogammagraphie splÃ©nique. Scm. Hop. 38: 1047, 1962).

18. JOHNsON, PH.M., HERION, J. C., AND MOORING, S. L. : Scintillation Scanning of the
Normal Human Spleen Utilizing Sensitized Radioactive Erythrocytes. Radiology 74:99, 1960.

19. JOHNSON,PH. M., WOOD, E. H., ANDMOORING,S. L. : Splenic Scintillation Scanning.
Amer. I. Roentgenol. 86:757, 1961.

20. SPm@ELLI-REssI,F., FossA-ri F.: Splenic Scintillation Scanning with Sensitized or
Heated Red Cells; in: Szintigraphie und Radiokardiographie, Symp. Schweiz. Akad. Med.
Wiss., Basel 1962, Schwabe & Co. Verlag Basel/Stuttgart 1963, 198.

21. WAGNER, H. N., JR., MCAFEE, J. G., AND WINK.ELMAN, J. W. : Splenic Disease Diag
nosis by Radioisotope Scanning. Arch. intern. Med. 109:673, 1962.

22. ZUM W1NKEL, K., AND KLUGE, A. : Szintigraphie und FunktionsprÃ¼fung der Milz mit
alterierten Erythrozyten. Freiburg i. Br. 1962; Friedrick Karl Schattauer Verlag, Stuftgart
1963.239.

23. WINKELMAN, J. W., WAGNER, JR., H. N., MCAFEE, J. G., AND MOZLEY, J. M. : Vis
ualization of the Spleen in Man by Radioisotope Scanning. Radiology 75:465, 1960.

24. Fiscirm, J., Mimmscsizi'@x, H., ANDWOLF, R. : Milzszintigraphie mit 1-Bromomercuri
(Mercury-197)-2-Hydroxypropan(BMHP). Fortschr,Rontgenstr.103:349,1965.

25. WAGNER, JR., H. N., McAEsIt, J. G., WEINER, I. M., ho, M., M@s.wri@z, J., AND
CAINE, JR., W. P.: The Use of Mercury-203-Labeled Bromomercuri-Hydroxypropane (BMHP)

in Radioisotope Scanning of the Spleen, J. Nuc. Med. 4:190, 1963.
26. FISCHER, J., AND WOLF, R. : Erythrosequestration und Erythroklasie bei myelopro

liferativen Erkrankungen. Xth Congress mt. Soc. Hematology Stockholm 1964.
27. Fiscuan, J., AND Wou@, B. : Die Sequestrationsleistung der Milz fÃ¼rwÃ¤rmealterierte

Erythrocyten dei der Osteomyeloflbrose. Xe Congr. Soc. Europ. d'HÃ©matol. Strasbourg, 23.-

28. 8. 1965.
28. Fiscirm@, J., AND WOLF, R.: Durchblutung und Funktion der Milz. VII mt. Symp.

Radioaktive Isotope in Klinik u. Forschung Badgastein, i0.-13. 1. 1966.
29. FIsCHER, J., AND WOLF, R.: Spleen Function Studies; Evaluation of 1700 Cases. 13th

Ann. Meeting Soc. Nuc. Med., Philadelphia, June 22-25, 1966.
30. WOLF, R., AND FISCHER, J.: Estimation of Splenic Blood Flow. 13th Ann. Meeting

Soc. NucI. Med., Philadelphia, June 22-25, 1966.




