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FOREWORD

Itsa pleasure for me to present again to the American
readers a work of Dr. Pietro de Nicola, which is to be
published in the beautiful American Lecture Series by
Charles C Thomas. This volume on thrombelastography
should be considered as a monographic follow-up of the
previous work on the diagnosis of coagulation defects.
Much attention has been given during the last few years
to thrombelastography, which is certainly a useful tool
for blood coagulation studies both from the scientific and
diagnostic point of view. The knowledge on this field
is now rather crystallized, and, although several interpre-
tative problems are still awaiting an answer, the clinical
significance of thrombelastography seems to be quite es-
tablished. At the time of the first Symposium on throm-
belastography, held in Pavia in 1954, the topic appeared
to be reserved to a few specialists, or rather pioneers.
Now, this method of research is almost indispensable for
our routine diagnostic work, and we feel quite happy to
be among the first ones who used it.

Dr. de Nicola succeeded in assembling in this volume
most of his experience on this field and to give a general
outline of the actual possibilities of thrombelastography in
clinical investigations. He is certainly very much quali-
fied for such a task, insofar as his basic knowledge on
the blood coagulation mechanisms allowed him to prop-
erly interpret the thrombelastographic data. As far as
thrombelastography is concerned, we are now at approxi-
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mately the same stage of evolution as electrocardiography
several years ago. It is among my best wishes that the
same luck be encountered by thrombelastography in a
short time. In the meanwhile, I wish a full success to
the present work, which deserves high appreciation and
will contribute to the wide diffusion of the new method.

Paoro INTROZZI
Professor of Medicine
University of Pavia
Pavia, Italy



PREFACE

T purrosk of this work is to give a concise outline of
the biologic and clinical significance of thrombelastog-
raphy, on the basis of personal investigations. The mate-
rial presented is derived from researches carried out
during the last three years in the Clinica Medica of the
University of Pavia, which are quoted in bibliography
and also include full reference to other investigations in
the same field. The pioneer and fundamental work of
Dr. Hellmut Hartert, Heidelberg, Germany, should be
here acknowledged, insofar as he first projected, during
and after World War II, the new apparatus, which was
then called a thrombelastograph. At the very beginning,
his method was used only in a few German laboratories.
During later years, a number of thrombelastographic units
were operating in several European countries, and quite
recently, also in the United States. An official recogni-
tion of the clinical importance of thrombelastography took
place in Pavia, Italy, where the first international Sym-
posium on thrombelastography was organized in 1954
by Professor Introzzi and was attended by the leading
European workers in this field, headed by Dr. Hartert.
It was felt that a summarizing publication might be use-
ful to investigators and clinicians as a guide for a proper
understanding of the new method, before a more compre-
hensive survey be presented on the basis of the experience
collected in a number of laboratories.

Permission for reproducing some illustrations from
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personal articles, was kindly given by the following jour-
nals: The American Journal of Clinical Pathology; the
American Journal of Roentgenology; Radium Therapy
and Nuclear Medicine; Blood; Blut; Deutsches Archiv
fiir Klinische Medizin, and Sang.

Advice and suggestions for our work on thrombela-
stography and the preparation of the manuscript were
generously and liberally given to us by Dr. Hartert, whose
encouragement and help are here gratefully acknowl-
edged. His friendly and pertinent cooperation in this
connection resulted in a fruitful development of the sev-
eral problems which were encountered during our investi-
gations.

P.op.N.
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INTRODUCTION

T QUANTITATIVE evaluation of physicochemical modi-
fications during the transformation of fibrinogen into
fibrin has permitted the elaboration of various methods
for the study of coagulation and the recognition of altera-
tions in physiopathologic conditions.

A general evaluation of the methods based on physico-
chemical modifications was attempted in the past, on the
basis of the following factors: 1) electrical resistance;
2) viscosity; 3) transparency; 4) colloidal gold (modifica-
tions of the protecting power of proteins); 5) pH. The
usual methods are based on modifications in viscosity and
transparency. Recently, however, improved diagnostic
methods have been proposed.

The methods based on modifications in transparency
are optical. Microscopical methods, and, in general, all
methods based on morphological changes (roentgenspec-
tography and, above all, the electron microscope) are also
optical, but not always practical. In the study of changes
in transparency, it is necessary to use plasma because the
corpuscles hinder correct observation.

Methods based on changes in viscosity are more com-
monly employed. The most simple methods used in the
determination of the coagulation time of whole blood
belong to this group. Since the transformation of fibrino-
gen into fibrin always corresponds to an increase in vis-
cosity, any of the above mentioned procedures will permit
the following of the variations in viscosity with more or
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less precision. This is valid for both direct and indirect
methods of viscosimetry, based on the use of machines at
times very complicated or on relatively simple procedures.

The hemostatic action of the clot is not only related
to changes in the viscosity, i.e., with the conversion of
fibrinogen from a sol to a gel, but also to changes in the
structure and organization of the molecules of fibrin ac-
cording to determined laws. In structural modifications,
one encounters the development of an elastic force that
may represent the most significant characteristic of the
clot and may also be related to its hemostatic function.
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THROMBELASTOGRAPHY

T rEcENT method proposed for the measurement of the
elasticity of a clot, or thrombelastography, represents an
improvement in respect to the preceding methods. It
permits the measurement of changes in viscosity and
elastic properties of the clot during the whole coagula-
tion process under conditions that are constant and repro-
duceable. It, therefore, allows one to follow the whole
process of coagulation from its beginning to the dissolu-
tion of the clot or fibrinolysis. By means of thrombe-
lastography, it is also possible to obtain a graphic regis-
tration of these variations and thus give an objective and
permanent documentation of the coagulation of blood
in its various phases.

The principle used in the elaboration of the throm-
belastographic method is the following. To measure the
elasticity of the clot, it is necessary to bear in mind the
deformation of the clot, and in particular, the force ‘and
amount of deformation. This is not possible if, immedi-
ately after the onset of coagulation, the clot retracts from
the surface of the measuring apparatus. In order to avoid
this inconvenience, the clot is made to adhere to the
surface of the container. From previous research it was
noted that highly levigated surfaces could obtain this
result. However, under such conditions, the traction of
the fibrin threads must be relatively small so as not to
determine irreversible alterations in the fibrin network.
On the other hand the traction force must be a specific
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Figure 1. Thrombelastograph; longitudinal section.

expression of the clot elasticity, thus avoiding the in-
trinsic variations in viscosity and correlating deformation
to time. Finally, the traction must be uniform in every
direction and completely without friction.

In thrombelastography, these requirements were real-
ized and permit an exact measurement of the elasticity
during the course of coagulation. It also permits the
simultaneous or separate analysis of several (usually
three ) blood samples. These advantages allow the throm-
belastogram to be used in the routine work up of coagula-
tion disorders.

DESCRIPTION OF THE APPARATUS

Schematically, the apparatus is constructed so as to
obtain the graphic registration of the movements of a
steel wire under constant experimental conditions, and
particularly at a constant temperature and with uniform
movements of the container.

The apparatus is divided into two parts, the throm-
belastograph itself and the kymograph (Figure 1). These
two parts are contained in a single light-tight housing and
are mounted on a shelf which is connected to the labora-



