Contents

Introduction: State of the Art and Desngn Principles of Contrast Media.

M. Sovak. With 9 Figures . . . . . e e e e e o1
References. . . . . . . . .. T
CHAPTER 1

Chemistry of X-Ray Contrast Media. G. B. Hoey and K. R. SMITH
in collaboration with S. EL-ANTABLY and G. P. MurpHY. With 38 Figures

A. Introduction and Scope . . . . . . e e e e e 23
B. Biological Requirements . . . . . . . . . . . . . . .. ... . 23
I. Physicochemical Properties . . . . . . . . . . .. .. .. 24

1. Water Solubility . . . . . . . .2

2. Viscosity . . . . . e e e e e e 25
3.O0Osmolality . . . . . .. . ... ... ... .....25

II. Chemical Stability . . . . . . . . . . . ... ... ... 26

II1. Biological Safety . . . . . e 28

C. Ionic Contrast Media . . . . . . . . . . . . . . ... .. .. 31
I. Synthesis . . . . . . e 1 |

I1. Evolution of Structural Types O 1

1. Improving the Functional Groups . . . . . . . . . . . . 34

2. Reduction of Hypertonicity. . . . . . . . . . . . . . . 51

D. Nonionic Contrast Media . . . e e e e 54
I. Solubility Aspects of Nomomc Medla e e e 76

II. Viscosity Considerations . . . . . . . . . . . . . ... . 77

III. Osmolality . . . . . . . . . ... .. .. .. ..... 78

IV. Stability . . . . . . . . . ..o 79

1. Deiodination . . . . . e e e 80

2. Instability of the Polyhydroxylalkyl Group O 11

3. Hydrolysis of the Coupler Group . . . . . . . . . . . . 83

V. Synthesis of Nonionic Compounds . . . . . . . . .. . . . 85

1. Synthetic Approaches . . . . . . . . .. .. .. ... 85

2. Manufacturing Costs . . . . C e e e 92

VI. Stereochemical Aspects of Contrast Medla e e e .. 95

1. Isomers Resulting from Restricted Rotation . . . . . . . 96

VII. High-Pressure Liquid Chromatography . . . . . . . . . . . 99
VIII. Water-Insoluble Nonionic Contrast Media . . . . . . . . . 101

1. Oily Contrast Media. . . . . . . . . . . . . . . .. .102

. ) ) E HE
Bibliografische Informationen digitalisiert durch I L
http://d-nb.info/840808739 BLIOTHE


http://d-nb.info/840808739

2. Benzoate Esters. . . . . . . . . . .. ..
3. Perfluoroalkyl Halides . . . . . . . . . ..

E. Oral Cholecystographic Agents G e e e
References. . . . . . . . . . . . . . .. ...

CHAPTER 2

Urographic Contrast Media and Methods of Investigative Uroradiology

K. GoLMAN and T. ALMEN. With 35 Figures

A. Introduction . . . . . e e e,

B.
C.

Historical Remarks .

Attenuationof X-Rays . . . . . . . . . . . . ... ..

Contents

. 103
. 106
. 107
. 114

.. 127
. 128
. 132

I. Contrast Medium Concentration in Different Reglons of the
Urinary Tract; Factors Influencing the Nephrogram and Pyelogram 133
1. Effects of Plasma Iodine Concentration . . . . . co.o.o. 135
2. Effects of Urine Iodine Concentration . . . . . . . . . . . 138
II. Urinary Tract Volume Changes . . . . . . . . . . . . . 146
1. Urine Flow . . . . . . e e e . 146
2. Theoretical Effects of Changes e e e e e e . 146
3. Experimental Effects of Changes . . . . . . . . .. 148
Pharmacodynamics . . . . . . . . . . . . .. . 149
1. Intravenous Lethal Dose . .. 149
II. Causes of Death . . . . . R . 151
1. Lung Edema and Red Blood Cell Changes e .. 151
2. Nephrotoxicity . . . . . . . . . . . . . . .. .. . 153
III. Other Adverse Reactions. . . . . . . . . . . . . .. . . 158
IV. Advantages of Ratio-3 Media. . . . . . . . . . . .. .. 158
Methods of Investigative Uroradiology. . . . . . . . . . . . . . 158
1. Introduction . . . . . . . . . . . . . . .. .. .. . . 158
1. Choice of Species . . . . . . . . . . . . . . .. ... . 159
2. Anesthesia. . . . . . . . . . ... .. 159
3. Surgical Procedures ................. . 160
II. Assays for Contrast Media . . . . . . . . . . . . .. . 160
I1I. Methods for the Measurement of the Depth of the X-Ray
Attenuating Layer. . . . . . e Coe . 163
l. Planimetry. . . . . . . . . . . . . . .. . 163
2. Urine Flow . . . . . . . . . .. B [
IV. Methods for Studying Excretion Mechamsms ...... . . 166
1. Clearance of Contrast Media . . . . Coe e . . 166
2. Tubular Micropuncture and Mlcroperfusmn Co .. 170
3.CellCulture . . . . . . .. ..o A V)
V. Methods for Studying Renal Pharmacodynamlcs C e 171
1. Urine Osmolality . . . . . . . . . . . . . . . ... .17
2. Ability to Concentrate Urine . . . . . . . . . . . .. . 171
3. Urine Flow . . . . . . . . . . . .. ... ... 172
4. Vascular Changes. . . . . . . . . . . . . .. .. . 172
5. Glomerular Damage . . . . . . . . . . . .. . 175



Contents XI

6. Tubular Damage. . 176
References. . . . . . . C e e e e s 180
CHAPTER 3 :

Contrast Media in the Cardiovascular System. C. B. HIGGINS.
With 10 Figures
A. Introduction . . . . . e e e e . 193
. B. Classification of Cardlovascular Actrons of Contrast Medra coe oL 193
C. Importance of Experimental Conditions . . . o195
I. Influence of the Experimental Model Used for Studyrng
Cardiovascular Effects of Contrast Media . . . R 1
II. Influence of the Site of Injection of Contrast Medra ...... 196
D. Specific Effects . . . . O 2
1. Electrophysiologic Cardrac Effects P )

1. Impulse Generation. . . . . . . . . . . . . . . ... .200

2. Impulse Conduction . . . . . . . . . . . . . .. ... 202

3. Arrhythmias . . . . e e e e e oo 204

4. Electrocardiographic Changes e e e e e oo 208

II. Hemodynamic Cardiac Effects . . . . . 210

1. Hemodynamic Changes During Contrast Ventrlculography . 210
2. Use of Contrast Media as a Stress Test in Coronary Artery

Disease . . . . . . e e e e e 212
ITI. Direct Myocardial Effects Coe Ce o213
1. Isolated Heart and Isolated Cardrac Trssue e e e . 213
2. Intracoronary Administration in the Intact Heart . . . . . . 216
3. Effects on Ischemic Myocardium and Failing Myocardium . . 224
4. Mechanism of Action of Direct Cardiac Effects . . . . . . . 224
5. Clinical Evaluation of Contrast Media Used for Coronary
Arteriography . . . . e o227
IV. Reflex or Neurally Medrated Crrculatory Effects Cooo. oL 228
1. Vascular Effects . . . . . 3
2. General Circulation and leb C1rculatron C e e e o231
3. Renal Circulation. . . . . . . . . . . . . . ... ...233
4. Splanchnic Circulation . . . . . . . . . . . . . . .. .23
5. Carotid Circulation . . . . . . . . . C e e e 23T
6. Coronary Circulation . . . . coe . ... . . 238
7. Microcirculation and Vascular Endothehum Co o240
E. Summary . . . . . . . .. 7 X
References. . . . . . . . . . . . . ..o 243
CHAPTER 4

Basic Methods of Investigative Cardiovascular Radiology
M. Sovak and C. B. HiGGINs. With 7 Figures

A. Introduction . . . . . . O K
B. Contrast Media . . . . . . . . . . . . . . . . ..o 253

1. Pharmacological Evaluatron of Radlographlc Contrast Media . . 254



XII

Experimental Cardioradiographic Visualization . . . . . . .

Choice of Experimental Animals . . . . . . . . . .

I. Infrahuman Primates e e

I. Cats. . . . . .. e e e e e e

ITI. Calves. . . . . e e e e e e

IV. Rabbits . . . . . . . . .. . ... .. ...

V.oPigs. . . L. oL
1. Catheterlzatlon Implantatlon of Chromc Catheters .
2. Acute Catheterization . . . . . . . . . . . .

VI. Dogs . . . . . . ..

The Laboratory for Cardlovascular Contrast Medla Research

Cardiovascular Catheterization . . . . . . . . . . .

. Animal Models of Cardiovascular Pathological States

eferences ...... e e e e e

on

Omm

=

CHAPTER 5
Contrast Media for Imaging of the Central Nervous System. M. SOvAK
A. Introduction . . . . . . . . ... ...

B. Angiographic Contrast Medla in Neuroradiology . . . . . .

I. Current Ionic Contrast Media . . . . . . . . . . .
1. Cranial Angiography . . . . . . . . . . . ..
2. Spinal Cord Angiography . . . . . . . . . . .
II. Newer Nonionic Monomers and Monovalent Dimer in
Neurovascular Use . . . . . e e e e e e e

C. Intrathecal Contrast Media. . . . . . . . . . .

L. Intrathecal Visualization . . . . . . . . . . . . . ..
II. New Developments in Intrathecal Contrast Media . . . .
References. . . . . . . . . . . . . ...

CHAPTER 6

Basic Methods of Investigative Neuroradiology
M. Sovak. With 1 Figure

A. Introduction . . . . . C e e e e e
B. Anesthesia . . . . . . . . . .. e e e e .
I. Premedication . . . . . . . . . ... C e e e e
II. Injectable Anesthetics . . . . . . . . . . Coe.
III. Volatile Anesthetics . . . . . . . . . . . .. ..
Neurovascular Experimental Methods . . .

g0

1. Choice of Animal. . . . . . . . ... ... ...
2. Methods of Access to the Subarachnoid Space . . . . .
E. Toxicity Screening of Experimental Compounds . . . . . . . .
1. Aversion Conditioning . . . . . . . G e e e
2. Electrophysiological Methods . . . . . . . . . . ..
References. . . . . . . . .. Ce e e

Experimental Methods for the Subarachnoid Space .......

Contents

. 259
. 260
. 260
. 261

261

. 261
.. 262

. 263
.. 263
. . 263

. 267
. 272
. 276
. 287

. 295
. 296
.. 297

. 297
. 301

. 302
. 304
.. 306
.. 320

. 326

.34
. 341
. 342
.. 342
. 344
. 344

349

.. 349
. 350
.. 355
. . 355
. 356
. 361



Contents

CHAPTER 7

Hepatic Disposition and Elimination of Biliary Contrast Media
J. L. BARNHART. With 25 Figures

A. Introduction . . . . . . . . e e e e e e
B. Anatomic Considerations e e e e
I. Liver Anatomy . . . . . . . . . . . . . . ..
II. Liver Blood Flow.
III. Classic Liver Lobule . .
IV. Hepatic Cellular Anatomy . .
V. Gallbladder Anatomy .
C. Biliary Physiology . .
I. Composition of Bile.
II. Bile Formation .
1. Canalicular Bile Flow
2. Ductular Bile Flow . o
III. Hepatocyte Cytoskeleton and Blle Flow .
Pharmacokinetic Principles .

m O

1. Physicochemical Properties .
II. Intestinal Absorption . . . . . .
HI. Transport in Blood . . . . .
1V. First-Pass Effect . . . . . R
V. Hepatic Uptake . .. . . . . .
VI. Biotransformation '
VII. Biliary Excretion . . . R
F. Concentration of Contrast Medla R
I. Choleresis . . . . . .
II. Biliary Concentration . .
III. Electrolyte Composition . . .
Gallbladder Function e e .
Enterohepatic Circulation . . . . . . . . . . . ..
Renal Excretion . . . . . .
Toxicity . . . . . . . . ..
. Future for Biliary Contrast Medla
eferences ..........

Al

CHAPTER 8

Laboratory Techniques for Studying Biliary Contrast Media
J. L. BARNHART. With 28 Figures

Introduction . . . . . . . .
Choice of Animal Species
Anesthesia . . . . . . . .

Administration of Anesthetic . . .
Cannulation of Veins

mmYQwp

Cholecystographic and Cholanglographlc Contrast Medla

Holding and Restraint . . . . . . . . . . . . . ..

XIII

. 419

. 420
. 424

426
428

31



X1V Contents

G. In Vivo Animal Preparation . . . . . . . . . . .. . . ... .43
H. In Vitro Liver Preparations. . . . . . . . . . . Y )
J. Instrumental Methods of Analysis . . . . . . . I 5 |
I. Spectrophotometer . . . . . . . . . . . . ... .. .. .45
II. Fluorescent Excitation Analysxs e e e Coo. . 452
ITI. Chromatographic Analysis . . . . . . . . . . . c. ... . 454
K. Methods of Analysis. . . . . . . . . . . . .. I 5
I. Bilirubin. . . . . . . . - K1)
II. Iodine (Chemical) . . . . . . . . . . . . . .. Coe ... L 45T
III. BileSalts . . . . . .. .. ... ... ... ... . . . 458
IV. Protein . . . . . . . . . . ... .. ... - 51
References. . . . . . . . . . P 110
CHAPTER 9
Contrast Media in Lymphography. M. Sovak
A. Introduction . . . . . . . . . . ... L. ... . 463
B. Methods of Lymphography. . . . . . . . . . . c e ... . 464
C. Physiology and Pharmacology of Lymphokinetics . . . . . ... . 466
D. Animal Models in Investigative Lymphangiology . . . . . ... . 470
E. Experimental Contrast Media for Lyrnphography B v |
References. . . . . . . . . .. Coe G e ... . 473
CHAPTER 10

Contrast Media in Computed Tomography. P. B. DEaN and D. B. PLEWEs.
With 20 Figures

A. Introduction . . . . . . . . . . . ... ..o .. . 479
B. Basic Aspects of Computed Tomography Relevant to Contrast
Enhancement. . . . . . . . . . . . .. .. .. . 479
C. Measurement of Contrast Enhancement with Computed Tomography 482
I. Contrast Enhancement from Iodine . . . . . . . .. 482
II. Contrast Enhancement from Other High Atomic Number
Absorbers . . . . . . . .. oL oL . 484
D. Image Manipulation. . . . . . . . . . . . . .. .. .. .. . 485
I. Subtraction . . . . . . . . . . .. ... A 1{0
II. Multiple Energy Methods e e e e e . . . 486
III. High Atomic Number Absorbers and Dual- Energy Computed
Tomography . . . . . . . . . . . .. . . 490
E. Dynamic Scanning . . . . . . . . . . . . . .. ces .. 492
I. Conventional Computed Tomography EqulpmenL ... . 492
II. Artifacts . . . . . . . . . . . ... .. Y X
III. Very High Speed Scanners ............. . . . 496
F. Pharmacokinetics of Contrast Enhancement . . . . . . . . . . . 497
I. Body Compartments . . . . . . . . . . . C e e . 497
II. Diffusion of Contrast Media . . . . . . . . . . . . . . .497
III. Nonequilibrium Kinetics . . . . . . . . . . . . .. .. . 499

IV. Dynamic Aspects of Contrast Enhancement ..... ... 499



Contents

V. Dynamic Computed Tomography Co.
VI. Functional Imaging
VII. Distribution Volume . .

VIII. Adverse Effects of Contrast Medla in Computed Tomography

IX. Intraarterial Contrast Media Administration
X. Intracavitary Contrast Enhancement .
XI. Noble Gases
XII. Reticuloendothelial System Contrast Enhancement
G. Practical Applications of Contrast Enhancement
I. To Enhance or Not To Enhance?
I1. Basic Problems of Contrast Enhancement .

III. Contrast Enhancement in Cranial Computed Tomography

1. Detection of Lesions.

XV

500

. 506

506
507
. 507

. 507

. 508
.. 508
.. 508
.. 508

. 509

. 509

. 510

2. Differentiation of Cranial Les1ons Wlth CT Contrast

Enhancement .
3. Xenon Enhancement

IV. Contrast Enhancement in Body Computed Tomography

Maximizing Enhancement
Cardiac Computed Tomography

Hepatic and Splenic Computed Tomography .
Pancreatic Computed Tomography
Renal and Adrenal Computed Tomography

WP WD

. Intracavitary Enhancement . .
V. Ch01ce of Intravascular Contrast Medlum
References. . . . . . . . . . .

CHAPTER 11

Adverse Systemic Reactions to Contrast Media. E. C. LASSER.
With 1 Figure

A. General Considerations

B. Pathogenesis . . . . . . . .

C. Pretesting . . . . . . . . .
References. . . . . . . . . .

CHAPTER 12 )

Are Contrast Media Mutagenic? J. A. NELsoN. With 5 Figures

A. Introduction .

B. Methods . . . .

C. Results . . . . .
D. Discussion . . . . . . . . . .. . .. .. ...
References. . .

Chest, Lung, and Mediastinal Computed Tomography

Computed Tomography of Abdominal Blood Vessels
Computed Tomography of the Pelvic Organs . . . .

. . 510
.51

. 511
. 511

. 512

. s13

. . 513
.. 513
. 514

. 514
. 514
. 514

. 514
. 515

. 525

. 526

. 529

. 530

.. 533
.. 534
. 536
. 540



XVI Contents

CHAPTER 13

Particulate Suspensions as Contrast Media.
M. R. VioLANTE and H. W. FiscHer. With 10 Figures

A. Introduction . . . . . . . . .. Lo Lo 543

I. Definition and Scope . . . . . . . . . . . . . . .. ... 544

B. Particulate Contrast Media . . . . . . . . . . . . . . ... .. 544

I. Formulation . . . . . . . . . . . . .. ... ... ... 544

I1. Interactions with Blood Components . . . . . . . . . . . . 556

III. Phagocytosis . . . . . . . . . . . . . . o ... 550

1. Reticuloendothelial System-Species Differences . . . . . . . 550

2. Particle Size . . . . . . . . ... ... oo 552

3. Particle Surface Charge . . . . . . . . . . . . . . ... 552

4. Dose . . . ... L 554

5. Reticuloendothelial System Blockade . . . . . . . . . . . 556

C. Emulsions . . . . . . . . . . ... 558

D. Computed Tomography Enhancement . . . . . . . . . . . . .. 560

E. Other Potential Applications . . . . . . . . . . . . . . . . .. 568

I. Lymphography . . . . . . . . . . . . . ... 568

II. Angiography . . . . . . . . . . . ..o 569

References. . . . . . . . . . .. .. oL oL 571

CHAPTER 14

Appendix: Basics of Anesthesia for Experimental Animals. M. Sovak

A. Introduction . . . . . . . . .. ..o oL 577

B. Anesthesia for Cardiovascular Experiments . . . . . . . . . . . . 577

C. Intravenous Anesthesia . . . . . . . . . . . . . .. .. ... 580

I. Barbiturates . . . . . . . . . . . . . . ..o 580

II. Chloralose . . . . . . . . . . . . . .« . . .. 581

ITl. Urethane . . . . . . . . . . . . . . . . . . . . ... 581

IV. Chloral Hydrate . . . . . . . . . . . . . . .. .. ... 581

V. Ketamine HCl . . . . . . . . . . . . . . .. ... ... 582

D. Volatile Anesthetics . . . . . . . . . . . . . ... 582

E. Short-term Reversible Hypotension . . . . . . . . . . . . . .. 583

F. Blood Transfusion . . . . . . . . . . . . . . . . . ... .. 583

G. Euthanasia . . . . . . . . . . . . . .. ..o 583

I. AnesthesiainDogs . . . . . . . . . . . . . . ... CL. . 584

IT. AnesthesiainPigs. . . . . . . . . . . . . . . . .. .. 584

III. Anesthesia in Rabbits . . . . . . . . . v e e e e e 585

References. . . . . . . . . . . . . . ..o 586

Subject Index . . . . . . . . ..o Lo 589



