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1.   ABSTRACT

During the thirteen year duration of this contract the goal has

been to conceive, develop, and apply computer based analysis of

radionuclide scan data so as to make available improved diagnostic

information based on a knowledge of localized quantitative estimates

of radionuclide concentration. Under the support of this contract,

the concepts  of both transmiss ion and emiss ion computed tomog raphy

were developed and applied to patients.  First the MARK 11  Scanner

was designed, constructed, and applied to patients producing for

the first time cross-section pictures of radionuclide distribution and,

later, transmission computed tomographs produced essentially as later

put forward by Hounsfield of EMI.  Work centered on emission computed

tomography in the hope of evolving an accurate in vivo analog of the

autoradiograph.  A more advanced brain scanner, the MARK Ill was designed,

constructed, and applied to brain tumor patients.  Computer processing

-„_        centered on reconstruct ion techn iques for cross-section scann ing.  Work

progressed from simple back projection reconstructions to methods of

successive approximations which were independently developed under this

contract but also independently developed about the same time by other

groups in x-ray crystallography and x-ray tomography.  More recently,

the MARK IV Scanner was designed, constructed, and applied to patients

with further developed reconstruction software. This device now permits

quantitative estimates of radionuclide concentration in the brain as

applied to dete·rminations of local cerebral function including circulation

and local metabolism.  The line of investigation carried out for the

past thirteen years under this contract at The University of Pennsylvania

will be continued by this group at the ERDA supported laboratory at UCLA

beginning 1 September, 1976.
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2. .BE.EQBI

In the past thirteen years of support under this contract, the

University of Pennsylvania group has introduced both radionuclide and

transmission computed tomography.  The pattern of investigation has

included conception of the scanning modes, testing and prototypes,

construction of prototype hardware, and application to patients.

Computer software development supported by this contract included the

introduction of simple back projection reconstruction of trarsverse

section images and later the more effective iterative methods using

successive approximations.

Transmission computed tomography is now widely applied in Radiology

under the stimulus of the pioneering work in the EMI laboratories which

followed the initial demonstration of transmission computed tomography

supported by this contract.  The main concentration of effort in this

-'„.. laboratory, however, has been in extending the usefulness of radionuclide

studies of patients by applying radionuclide computed tomography for

accurate quantification of labeled compounds localized in a particular

part of an organ deep within the body.  More recently, the MARK IV Scanner

has been developed under this contract and applied to determinations of
1

local cerebral blood volume, flow, and local metabolism in the brain. This

system is described in more detail in the prepublication manuscript

enclosed as an appendix.

On September 1, 1976, the University of Pennsylvania group will

move to the ERDA supported laboratory at UCLA where this work is to

continue.  During this past project year, the Pennsylvania group was

joined by Drs. Phelps and Hoffman from Washington University and the

;

direction of computed tomography here now is very much concerned with
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positron annihilation scanning as well as our previously established

"singles" scanning for radionucl ide computed tomog raphy.     At  UCLA,

our directionsof investigation will continue to be those concerned

assessing local function, primarily in the brain and heart, but with

the added dimension of applying a much wider. range of radiopharmaceuticals

labeled with cyclotron products.

-Ii-



COO-3399-10 -4-

3.   PUBLICATIONS

1.  Kuhl,D.E.,and Edwards, R.Q.: Image Separation Radicisotope Scanning.

Radiology 80: 653-662, April 1963.

2. Kuhl,D.E.; Section Scanning for Image Separation. IN PROGRESS IN

MEDICAL RADIOISOTOPE SCANNING. ORINS, 1963, Oak Ridge, Tennessee.

PP. 171-189.

3.  Kuhl,D.E.: Radioiodine Scanning in Thyroid Disease. Rad. Clin. N.

Amer 1:101-114, April, 1963.

4.  Kuhl,D.E. and Edwards, R.Q: Cylindrical and Section Radioisotope

Scanning of the Liver and Brain. Radiology 83:926-936, Nov 1964.

5.  Kuhl,D.E.: A Clinical Radioisotope Scanner for Cylindrical and

Section Scanning. INl MEDICAL RADIOISOTOPE SCANNING. Proceedings of

a Symposium, Athens, 20-24 April 1964, 1:273-289, IAEA, Vienna, 1964.

6.  Kuhl,D.E.: Influence of Collimator Design, Photon Energy, and Radiation

Dosci bn Detection of Effectiveness in Liver Scanning. Phys. In Med and

Biol. 10:93-105, Jan 1965.

7.  Hoppin,F.C.,York,E.,Kuhl,D.E., and Hyde,R.W: Distribution of Pulmonary

Blood Flow as Affected by Transverse (+Gx) Acceleration. Final Report.

NADC-MR-6517, U.S. Naval Air Development Center, Johnsville,Pa.,

Dec 31, 1965.     h

8.  Chamberlain, R.H. and Kuhl,D.E.: Radioisotope Laboratory Design, 1.N

PLANNING GUIDE FOR RADIOLOGIC INSTALLATIONS. W. Scott, Editor,

Williams and Wilkins Co., 1966, pp 153-158.

9.  Kuhl,D.E.: Depth Discrimination and Overlapping Scan Images. IN

RECENT ADVANCES IN NUCLEAR MEDICINE, Appleton-Century-Crofts,

New York, 1966. pp 124-132.



coo-3399-10 :5-

3.  PUBLICATIONS

10.  Kuhl,D.E.: High Flux Scanning with 99'nTC. IN. RECENT ADVANCES IN

NUCLEAR MEDICINE, Appleton-Century-Crofts, New York 1966,pp 110-116.

11.  Kuhl,D.E.,Pitts,F.W., and Tucker,S.H.: Brain Scanning of Children

Using Body-Section Techniques and Pertechnetate 99m c. Acta

Radiobgica 5:843-854, 1966.

12.  Kuhl,D.E. and Edwards, R.Q.: Perforated Tape Recorder for Digital

Scan Data Store with Grey Shade and Numeric Readout. J. Nuc. Med 7:

269-280, April 1966.

13.  Kuhl,D.E.,Pitts,F.W.,Saunders,T.P., and Mishkin,M.M.: Transverse

Section and Rectilinear Brain Scanning Using 99mTc Pertechnetate.

Radiology 86: 822-829, May 1966.

14.  Kuhl, D.E., Hale, J., and Eaton, W.L.: Transmission Scanning: A

Useful Adjunct to Conventional Emission Scanning for Accurately

Key.i ng.Isotope Deposition to Radiographic Anatomy. Radiology  87:

278-284, August 1966.

15.  Hoppin, F.G., York,E., Kuhl, D.E., and Hyde, R.W.: Distribution of

Pulmonary Blood Flow as Affected by Transverse (+Gx) Acceleration.

J. Appl. Physiol. 22: 469-474, March 1967.

16.  Corriere, J.N., Kuhl, D.E., and Murphy, J.J.: The Use of 99m c-Labeled

Sulfur Colloid to Study Particle Dynamics in the Urinary Tract. 1.

Vesicoureteral Reflux. Invest. Urol. 4:570-575, May 1967.

17.  Rogers, R.M., Kuhl, D.E., Hyde, R.W., Mayock, R.L.: Measurements of the

Vital Capacity and Perfusion of Each Lung by Fluoroscopy and

Macroaggregated Albumin Lung Scanning: An Alternative to Broncho-

spirometry for Evaluating Individual Lung Function. Annals of Internal

Medicine 67: 947-956, Nov 1967.



COO-3399-10 -6-

3.  PUBLICATIONS

18.  Rogers, R.M. and Kuhl,D.E.: Estimation and Localization of

Pulmonary Vascular Abnormalities Using Radioisotope Scanning.

Radiology Clin. N. Amer 5: 433-451, Dec 1967.

19.  Power, G.G., Longo, L.D.,Wagner, H.N.,Kuhl,D.E. and Forster,R.E.:

Uneven Distribution of Maternal and Fetal Placental Blood Flow as

Demonstrated Using Macroaggregated and Its Response to Hypoxia.

J. Clin. Invest 46: 2053-2063, Dec 1967.

20. Kuhl,D.E.: Physical Principles of Radionuclide Scanning. IN

PRINCIPLES OF NUCLEAR MEDICINE; Henry N. Wagner,Jr.,M.D.,Editor,

W.B. Saunders Co Phila Pa 1968, pp 184-220..,

21.  Sanders, T.P. and Kuhl,D.E.: Technetium Pertechnetate as a

- Thyroid Scanning Agent. Radiology 91: 23-26, July 1968.

22.  Kuhl,D.E.: The Current Status of Tomographic Scanning. -IN

FUNDAMENTAL PROBLEMS IN RADIOISOTOPE SCANNING. Charles C. Thomas,

Springfield, Ill., 1968, pp 179-188.

23.  Kuhl,D.E. and Edwards, R.Q.: Digital Techniques for On-Site Data

Processing. IN FUNDAMENTAL PROBLEMS OF RADIOISOTOPE SCANNING.

Charles C. Thomas, Springfield, Ill. 1968, pp 250-266.

24.  Kuhl,D.E. and Edwards, R.Q.: Reorganizing Data from Transverse

Section Scans Using Digital Processing. Radiology 91: 975-983,

Nov 1968.

25.  Kuhl,D.E. and Edwards, R.Q.: A Hybrid Processor for Modifying and

Rearranging Radionuclide Scan Data Under Direct Observation.

Radiology 92: 558-570, March 1969.



-7-

3.   PUBLICATIONS

26.  Kuhl,D.E. and Edwards, R.Q.: Digital Processing for Modifying and

Rearranging Rectilinear and Section Scan Data Under Direct

Observation. IN MEDICAL RADIOISOTOPE SCINTIGRAPHY. Proceedings of

a Symposium Salzburg, Austria, 6-15 Aug 1968. 1: 1969, 703-713,

Vienna, IAEA.

27.  Maclntyre, W.J., Fedoruk,S.0.,Harris, C.C.,Kuhl,D.E. and Mallard,

J.R.: Sensitivity and Resolution in Radioisotope Scanning. A report

to the International Commission on Radiation Units and Measurements.

18 MEDICAL RADIOISOTOPE SCINTIGRAPHY. Proceedings of a Symposium,

Salzburg, Austria, 6-15 Aug 1968 1:391-435,1AEA, Vienna 1969.

28.  Maclntyre, W.J.,Fedoruk, S.0., Harris, C.C., Kuhl,D.E., and Mallard,

J.R.: Sensitivity and Resolution in Radioisotope Scanning. A report

to the International Commission on Radiation Units and Measurements.

Nuclear-Medizi·n, 8:99-146, July 1969.

29.  Sanders, T.P. and Kuhl,D.E.: Selective Uptake of Radionuclides as a

Basis for Tumor Detection. Rad. Clin. N. Amer 7: 257-264, Aug 1969.

30.  Kuhl,D.E. and Sanders, T. P.: Comparison of Rectilinear Vertex and

Transverse Section Views in Brain Scanning. J. Nuc. Med 11: 2-8,

Jan. 1970.

31.  Zweizig, H.Z.,Kuhl,D.E., Katz,R., and Polgar,G.: Distribution of

Pulmonary Blood Flow in Fetal and Newborn Lambs. Resp. Physiol. 8;

160-168, 1970.



COO-3399-10 -8-

3. PUBLICATIONS

32. Corriere, J.N., Sanders,T.P.,Kuhl,D.E.,Schoenberg,H.W., and

Murphy, J.J.: Urinary Particle Dynamics and Vesicoureteral Reflux

in the Human.  J. Urol 103: 599-602, May 1970.

33.  Kuhl,D.E. and Edwards, R.Q.: The MARK 111 Scanner: A Compact Device

for Multiple-View and Section Scanning of the Brain. Radiology 96:

563-570, Sept 1970.

34.  Kuhl,D.E.: Computer Processing of Images in Nuclear Medicine.

Nuclear News 13: 47-48, Dec 1970.

35.  Kuhl,D.E. and Sanders, T.P.:Characterizing Brain Lesions Using

Transverse Section Scanning. Radiology 98: 317-328, Feb 1971.

36.  Burt, R.W., and Kuhl,D.E.: Giant Splenomegaly. in Sarcoidosis

Demonstrated by Radionuclide Scintiphotography: Response to

-- ---=·Corticosteroid Therapy.  JAMA 215: 2110-2111, March 29, 1971.

37.  Staum,M.M. and Kuhl,D.E.: Control of Oxidative Degradation in

99mTc-Labeled Ferrous Hydroxide: A Simplified Method. J. Nuc. Med 12:

629, Sept 1971.

38.  Sanders, T.P., Sanders,T.D., and Kuhl,D.E.: Optimizing the Window

Setting of an Anger Camera for 99mTc. J. Nuc. Med 12: 703-706,Nov 1971.

39. Kuhl,D.E.: Special Purpose Computers for Processing Image Data. IN.

QUANTITATIVE ORGAN VISUALIZATION IN NUCLEAR MEDICINE..Unv Of Miami

Press, 1971, pp 443-448.

40. Maclntyre, W.J., Fedoruk,S.0.,Harris,C.C.,Kuhl,D.E., and Mallard,J.R.:

Report of the ICRU Task Group on Scanning. -IN QUANTITATIVE ORGAN

VISUALIZATION IN NUCLEAR MEDICINE. Univ of Miami Press,1971,pp 167-184.



COO-3399-10 -9-

3.   PUBLICATIONS

41.  Brody,J.S., Klempfner,G., Staum,M.M.,Vidyasagar,D.,Kuhl,D.E.,and

Waldhausen, J.A.: Mucociliary Clearance. After Lung Denervation

and Bronchial Transection. J. Appl Physiol. 32: 160-164,Feb 72.

42.  Manlio, F.L., Masland, W.S., Kuhl,D.E. and Staum,M.M.: The

Prognostic Significance of a Deep-Wedge Pattern in Transverse

Section Scanning of Cerebral Infarctions. Radiology 103:135-137,

April 1972.

43.  Kuhl,D.E.,Bevilacqua, J.E., Mishkin, M.M and Saundews,T.P.:.,

The Brain Scan In Sturge-Weber Syndrome. Radiology 103:621-626,

April, 1972.

44.  Kuhl,D.E.,Sanders,T.P.,Edwards,R.Q.,Makler,P.T.,Jr.,:Failure To

Improve Observer Performance with Scan Smoothing. J. Nuc. Med 13:

752-757, Oct. 1972.

45·  Lipschultz, L:I., Sanders, T.D., Sanders,T.P Corriere,J.N.,.,

Kuhl,D.E., and Murphy, J.J. :    The U r i n a r y Particle Scan for

Determination of Bl adder Bacterial Residual. Brit. J.,of Urol 44:

587,593, 1972.

46.  Kuhl,D.E.,Edwards, R.Q., Ricci,A.R.,and Reivich,M.: Quantitative

Section ScanniAg Using Orthogonal Tangent  Correction. J. Nuce Med

14: 196-200, April 1972.

47. Kuhl,D.E.: Retrospective Commentary. IN NEUROSURGICAL CONTRIBUTIONS

OF LOYAL DAVIS., W. B. Saunders,Co., 1973, pp 334-336.

48.  Kuhl,D.E., Edwards, R.Q., and Ricci,A.R.:Transverse Settion Scanner

at the Universi ty of Pennsylvania. IN TOMOGRAPHIC IMAGING  IN

NUCLEAR MEDICINE, Society of Nuclear Medicine, inc., 1973,pp 19-27.



-10-
COO-3399-10

3.   PUBLICATIONS

49.  Kuhl,D.E., Edwards, R.Q., Ricci,A.R., and Reivich, M.: Quantitative

Section Scanning.. IN MEDICAL RADIOISOTOPE SCINTIGRAPHY. 1972.

International Atomic Energy Agency, Vienna, 1973, 347-353.

50.  Kuhl,D.E., Reivich, M., and Edwards, R.Q.: Quantitative Section

Scanning in Evaluation of Local Cerebral Vasculative. IN NUKLEARMEDIZIN.

Ergebnisse in Technik, Klinik und Terapie. Elfte Jahrestagung der

Gesellschaft f r Nuclearmedizin. Athen, 24-29 Spet 1973. Malamos, B.,

Pabst, H.W., and H8r, G., Eds. Stuttgart-New York, F.K. Schattauer

Verlag, 1974. PP 54-56.

5.1.  Alavi, A., Bond, J.R., Kuhl,D.E., and Creech, R. H.: Scan Detection of

Bone Marrow Infarcts in Sickle Cell Disorders. J. Nuc. Med 15: 1003-

1007, Nov 1974. .

- 52. .Kuhl,D.E., Reivich, M., Alavi, A., Nyary, 1., and Staum, M.: Local

Cerebral Blood Volume Determined by Three-Dimensional Reconstruction

of Radionuclide Scan Data.  Circulation Research 36: 610-619, May 1975.

53.  Kuhl,D.E., Alavi, A., Reivich, M., Edwards, R.Q.,Fenton, C.A. and

Zimmerman, R.A.: Computerized Emission Transaxial Tomography and

Determination of Lopal Brain Function. IN NON INVASIVE BRAIN IMAGING:
1

COMPUTED TOMOGRAPHY AND RADIONUCLIDES. DeBlanc,H.J. and Sorenson,J.A.,

Ed., New York, Society of Nuclear Medicine, 1975, pp 67-79.

54.  Lepanto, P.B., Rosenstock, J., Littman, P., Alavi, A., Donalson, M.,

and Kuhl,D.E.: Gallium-67 Scans in Children with Solid Tumors. American

Journal of Roentgenology 126: 179-186, January 1976.



-11-
Coo-3399-10

3.  PUBLICATIONS

55.  Alavi, A., Schumacher, H.R., Dorwart, B., and Kubl,D.E.: Bone Marrow

Scan Evaluation of Arthropathy in Sickle Cell Disorders. Arch. Intern.

Med 136: 436-440,April 1976.

56.  Crocker, E.F., Zimmerman, R.A., Phelps, M.E., and Kuhl,D.E.: The Effect

of Steroids on the Extravascular Distribution of Radiographic Contrast

Material and Technetium Pertechnetate in Brain   Turno rs as Determined   b
Computed Tomography. Radiology 119: 471-474, May 1976.

ABSTRACTS

1.   Kuhl,D.E.: Scanning the Brain in Cross-Section. J. Nuc. Med. 5:

371-372, May 1964.

2.   Kuhl, D.E.: Transverse Section and Rectilinear Brain Scanning Results

Using Pertechnetete 99mTc. J. Nuc. Med 6: 343, May 1965.

3.   Kuhl, D.E., and Hale, J.: Transmission Scanning for Improved

Orientation of the Emission Scan. Jo Nuc Med 6: 333, May 1965.

4.   Rogers, R.M., Kuhl, D.E., Hyde, R.W., and Mayock, R.L.: Evaluation

of Regional Pulmonary FUnction with Brochospirometry, Radioisotope

Lung Scanning, and Fluoroscopy. Am. Rev. Resp Dis 92: 312, Aug 1965.

5.   Kuhl, D.E. and Edwards, R.Q.: Reorganizing Transverse Section Scan

Data as a Rectilinear Matrix Using Digital Processing. J. Nuc. Med 7:

332, May 1966.

6.   Sanders, T.P. and Kuhl, D.E.: Technetium-99mPertechnetate Scanning of

the Thyroid Gland. J. Nuc. Med 7: 341-342, May 1966.

7.   Rogers, R.M. and Kuhl, D.E.: Chronic Obstructive Pulmonary Emphysema

Studied with lodine-131 MAA Scanning. J. Nucl. Med 7: 351-352, May 1966.

8.   Power, G.G., Longo,L.D., Wagner, H.N., Kuhl, D.E., and Forester, R.E.:

Distribution of Blood Flow to the Maternal and Fetal Portions of the

Sheep Placenta Using Macroaggregates. J. Clin Invest: 1058, June 1966.



COO-3399-10 -12-

3.  PUBLICATIONS

ABSTRACTS

9.   Kuhl, D.E.: Brain Tumor Diagnosis Using Transverse SectionScanning

and Computer Processing. Proc of the Ninth Internat'l Cancer Congress,

Tokyo, Japan, 26 Oct 1966.

10.  Zweizig, H.Z., Kuhl, D.E., and Polgar, G. : Labeled Macroaggregated

Albumin (1311 MAA) for Studying Pulmonary Blood Flof·, During the Onset

of Respiration. The Physiologist 9: 326, 1966.

11.  Corriere, J.N., Kuhl, D.E., and Murphy, J.J.: Urinary Particle

Dynamics and Vesicoureteral Reflux of 99m c-Sulfur Colloid Particles.

Fed. Proc 26: March-April 1967.

12.  Rogers, R.M., DuBois,A.B., Kuhl, D.E., Blakemore, W.: Observations

on the Pulmonary Perfusion and Ai rway Conductance  in Pat ients wi th

Emphysema following Resection of Bullae. Am Rev Resp Dis 96: 149,

1967.

13.  Kuhl, D.E. and Edwards, R.Q.: Digital Processing of Radioisotope

Images. Proc of the Seventh Annual San Diego Biomedical Engineering

Symposium, 19 June 1967 (Abs)

14.  Kuhl, D.E. and Edwards, R.Q.: Modifying and Rearranging Scan Data

Under Direct Obser-Vation Using a Magnetic Storage Drum, High-Speed

Digital Circuitry, and CRT Display. J. Nuc Med 3:289-290, Apr 1967.

15.  Kuhl, D.E., and Edwards, R.Q.: Rapid Brain Scanner with Self-Contained

Computer and CRT Display for Both Rectilinear and Transverse Section

Viewing. J. Nuc Med 9: 332, June 1968.



COO-3399-10 -13-

3.    PUBLICATIONS.

ABSTRACTS

16.  Sanders, T.P., Cohen, T.D., and Kuhl, D.E.: Optimizing the Window

Setting of an Anger Camera for 99mrc. J Nuc Med 10:369, June 1969.

17.  Kuhl, D.E.: Visualization of Biologic Tissues: Radionuclile

Scanning. IEEE, Internat'l Convention Digest. 156-157, 1969.

18.  Corriere, J.N., Jr., Sanders, T. P., Cohen, T.D., Lipshultz,L. I.,

and Kuhl, D.E.: Urinary Particle Scan: A Tracer Technique for the

Study of Renal Infection in Patients with Ureterovesicd Reflux.

J. Nuc Med 11: 311-312, June 1970.

19.  Klempfner, G., Brody, J.S.,Kuhl,D.E., Urdyasagar, D.,

Waldhausen, J.A., and Staum, M.M.: Mucociliary Clearance of

Radioactive Particles from the Proximal Bronchi. J. Nuc Med 11:

336, June 1970.

20.  Kuhl, D.E.: Transverse Section Scanning of Radionuclides for

Improved Characterization of Brain Tumors. Abstracts of. Papers;

IV Internet'l Congress of Anatomists, Leningrad, Aug 1970.

D.A. Jdanov, Editor, pp 73-74,1970.

21.  Kuhl, D.E.: Computer Processing in Nuclear Medicine. Trans of

Am Nuc Soc. 520-521, Nov 1970.

22.  Burt, R.W. and Kuhl, D.E.: Distribution of Pulmonary Blood Flow

•                            Before and After Exercise in Mitral Valve Disease. J. Nuc Med 12:

345, June 1971.

23.  Manlio, F.L. and Kuhl, D.E.: Clinical Significance of a Triangular

Cross-Section in Cerebral Infarct Scanning. J. Nuc Med 12:380-381,

June 1971.

24.  Kuhl, D.E.,Bevilacqua, J., Mishkin, M.M., and Sanders, T.P.:Brain

Scan in Sturge-Weber Syndrome. Invest Radiol 6: 350, Sept-Oct 1971.

25.  Alavi, A., Bond, J.P.,Kuhl, D.E., and Creech, R.H.: Scan Detection

of Bone Marrow Infarcts in Sickle Cell Anemia. J. Nuc Med 13: 408,

June 1972.



COO-3399-10 -14-
I .

3.  PUBLICATIONS

ABSTRACTS

26.  Kuhl, D.E., Edwards, R.Q., Ricci, A.R., and Reivich, M.: Quantitative

i Section Scanning Using Orthogonal Tangent Correction. J. Nuc Med 13:

447-448, June 1972.
I

27. Kuhl, D.E., Reivich, M., Alavi, A., Nyary, 1., ard Staum, M.:

Measurement of Local Cerebral Blood Volume Using Emission Transverse

Section Scanning. J. Nuc Med 15: 509, June 1971.

28.  Rothenberg, H., Kuhl, D.E., and Devenney, J.: Transverse Section

Radionuclide Cisternography. J. Nuc Med 15: 529, June 1974.

29.  Reivich, M., Kuhl, D.E., Nyary, 1 and Alavi, A.: Measurement of.,

Local Cerebral Blood Volume in Three Dimensions in Man. Neurol 24:

389, 1974.

30.  Kuhl, D.E., Reivich, M., Nyary, 1., Alavi, A.; Measurement of Local

Cerebral Blood Volume in Three-Dimensions in Man. Stroke 6: 237,

March-April 1975.

31.  Devenney, J.E., Morales, J.0., and Kuhl, D.E.: Early Sequential and

Delayed Images of Technetium-99m Sn-DTPA in Chronic Obstructive Renal

Disease. J. Nuc. Med 16: 525, June 1975.
;

32.  Kuhl, D.E., and Edwards, R.Q.: The MARK IV System for Emission

Computerized Tomography and Quantitative Reconstruction of Brain

Radioactivity. J Nuc Med 16: 543, June 1975.


