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the "spasm reactor" in your practice 



when the 
'~ut issues" 
get to him 

he deserves 

The Machine Age man still possesses a Stone Age stom
ach; sometimes the job of merely coping with today's 
environmental stress may prove too much. For some 
(the "spasm reactors" in your practice), tension, anxi
ety and worry may find expression through the voice of 
gastrointestinal or other smooth muscle spasm. To treat 
these patients with antispasmodics alone is often to 
miss the point of origin of their disturbance; to rely 
solely on tranquilizers often proves discouragingly slow 
or ineffective in relieving spasm and pain. 

To quiet and quell Donnatal can promptly and effec
tively quell the spasm and quiet the tensions that trigger 
it. Prescribed by more physicians tha:ri any other anti
spasmodic-sedative, Donnatal continues to provide the 
classic answer. 

The "Donnatal Effect" The characteristic, over-all 
effect of Donnatal has been observed in many thousands 
of children and adults, clearly establishing its value as 
a versatile sedative-antispasmodic. Outstanding in effec
tiveness, safety, economy, uniformity of composition 
and dosage convenience, Donnatal continues to be de
sired and prescribed by a majority of physicians. 

In a multiplicity of indications Particularly useful 
when anxiety and tension accompany, aggravate or ac
count for smooth muscle spasm, Donnatal is indicated 
for the symptomatic relief of recurring, persistent or 
chronic visceral spasm. More than two dozen distinct 
and separate indications for Donnatal are listed on page 
869 in the current PDR. 

Brief summary Blurring of vision, dry mouth, diffi
cult urination, and flushing or dryness of the skin may 
occur on higher dosage levels, rarely on usual dosage. 
Administer with caution to patients with incipient glau
coma or urinary bladder neck obstruction. Contraindi
cated in acute glaucoma, advanced renal or hepatic 
disease or a hypersensitivity to any of the ingredients. 

each tablet, capsule or each 

~'WI hyoscyamine sulfate .. .... .......... 0.1037 mg. 0.3111 mg. 
...... atropine sulfate .. ............. ......... 0.0194 mg. 0.0582 mg. e hyoscine hydrobromide ....... .. ... 0.0065 mg. 0.0195 mg. 

phenobarbital .. ... ...... ......... ( '4 gr.) 16.2 mg. ( % gr.) 48.6 mg. 
(warning: may be habit forming) 

onnatal 

5cc. of elixir (23 o/o alcohol) Extentab® 

~Keet'' 
QUIETS THE STRESS I QUELLS THE SPASM 

A.H . ROB INS COMPANY, RI CHMOND, VIRGINIA A·H·ROBI NS 
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This paper and the two that f al
low were transcribed from presen
tations at the Nineteenth Annual 
Stoneburner Symposium on "Com
puters in Medicine," March 31-
April I, 1966, Richmond. I am 
grateful to S. J. Kilpatrick, Jr., 
Ph .D., chairman of the department 
of biometry, for editing the tran
scripts. -Ed. 
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The Future Effect of the Computer 
and the Research Scientist on 
Medical Practice 

EDWARD N. BRANDT, JR. 

Computer Facility and Biostatistical Unit, 
University of Oklahoma Medical Center, Oklahoma City 

The title of this presentation is 
concerned with the future effect of 
the computer and research scientist 
on medical practice. I will try to 
avoid the pitfalls of prediction out
lined by Dr. Mount,* namely that 
if one predicts the immediate fu
ture he will be too optimistic, and 
if he predicts 10 years or so in the 
future he will be too pessimistic. 
So I will not put any time limits on 
my comments. 

Quantitation of Medicine 

Perhaps the greatest contribution 
to medical research and practice of 
the computer and the methodolo
gies surrounding it has been the 
introduction of a quantitative atti
tude into medicine. Let us examine 
quantitation for a moment. In or
der to begin, let me explain my 
concept of biometry. Biometry may 
be defined as the study of the ap
plication of quantitative scientific 
methods to biological phenomena. 
Today biometry is represented by 
five overlapping, but yet separately 
organized, disciplines: biostatistics 
including demography and public 
health statistics, biomathematics, 
biophysics, bioengineering and bio
medical computer sciences. Al
though these separate disciplines 
utilize somewhat different ap
proaches to problems, they all 
make use of a knowledge of math-

* Dr. Joseph Mount, of the IBM 
Research and Development Center in 
Houston, had spoken earlier on "A 
Model of the Heart." 

ematics. Not everyone will agree 
with the use of the word biometry 
in this general sense, but since the 
five disciplines mentioned above 
overlap in their interests, a single 
term to describe their entirety is 
useful. 

With the increasing emphasis on 
quantitation in biology, biometry 
can be expected to play an im
portant role in the future of medi
cine by leading in the development 
of methods to accomplish such 
quantitation. However, we must re
member that quantitation, per se, 
is not the goal of biometry. Rather, 
quantitation is a means to increase 
our understanding of biological 
phenomena with resultant improve
ment in our ability to care for the 
ill. What does quantitation actually 
accomplish , or in other words, why 
quantitize? There are basically three 
reasons. 

1. It increases our ability to be 
precise in describing biological 
processes. By precision, I mean, in 
effect, reproducibility. It is easier 
to reproduce quantitative measure
ments than subjective ones. In part, 
this is because subjective impres
sions change as one learns, which is 
desirable, but it reduces reproduci
bility. 

2. It increases sensitivity, that is 
the ability to discriminate between 
two objects or processes that are 
different. This is due in part to hav
ing greater resolution of the meas
urement scale. 

3. It makes information collected 
earlier easier to interpret and in 
general makes the information 
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more useful. As an example, com
pare the relative values of an elec
trocardiogram as compared to a 
physician's written description of an 
electrocardiogram to another phy
sician. 

In any move to quantitate, we 
must be sure that we are measuring 
something worth measuring, that is, 
that we are in fact measuring an 
entity for which we desire informa
tion. The concept of quantitation 
is receiving much scientific atten
tion today. The problem of what 
to measure, and how to measure 
it, are two of the greatest chal
lenges facing medicine. It is essen
tial to identify those qualities whose 
measurements will yield informa
tion sufficient for decision making. 
Let me give you an example; how 
does one measure the effect of 
treatments in mental disorders? 
What are the criteria to be used in 
arriving at a decision as to whether 
the patient has benefited from the 
therapy? These are considerations 
for which there is not now a mu
tually acceptable answer, although 
various criteria have been put 
forth . One reason for this is our 
lack of sound basic principles, ex
pressed in a quantitative sense, of 
the functioning of the emotional 
aspects of man. The first step in 
implementing a computer applica
tion is to gain good quantitative in
formation to build upon. In some 
systems, mathematical models of 
that system suggest variables that 
need to be measured. For example, 
Dr. Mount has pointed out that 
given a model for the electrical ac
tivity of the heart, the question 
arises as to where measurements 
should be obtained to get the op
timum amount of information. The 
fact that he started with 130 leads 
gives some idea of the amount of 
experimentation that must take 
place before the computer system 
is finalized. In others, empirical 
results from large epidemiological 
studies will provide the clue. And 
in still others the discerning eye of 
good clinicians will suggest an 
answer. After some item has been 
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suggested, it becomes necessary to 
determine how to measure it, that 
is, the technological requirements 
to accomplish this measurement. 
This is where the biological engi
neers have been and will continue 
to be important. This includes a 
group of people called human engi
neers who are interested in prob
lems of how best to get informa
tion from and to human beings. 

Study of Variability and 
Its Causes 

However, once a decision has 
been made as to what to measure 
and how to measure it, we must 
then determine the properties of 
this measurement. That is, how is 
this measurement distributed in 
healthy persons and in disease 
states. What sorts of factors influ
ence this measurement, and in par
ticular, what sorts of technical con
siderations influence it? Are these 
technical biases constant over the 
full range of measurement? We are 
beginning to consider measure
ments made in man as dynamic 
rather than static quantities. We 
have started to examine the vari
ability of quantities such as the 
serum cholesterol and the electro
cardiogram during the day to day 
routine activities of a person as 
well as during unusual physical and 
emotional stresses being placed 
upon the individual. The concept 
of intra-individual variation as op
posed to inter-individual variation 
is receiving more and more atten
tion. Hampton and co-workers 
( 1966) have found, for example, 
that the plasma fibrinogen levels in 
patients with documented myo
cardial infarction as compared to 
a series of matched controls with
out previous myocardial infarction 
or other signs or symptoms of 
coronary artery disease differed 
very little in their mean levels, and 
in their subject-to-subject variation. 
However, if one makes the determi
nation of the plasma fibrinogen 
over time and adjusts these data 
for those factors known to influ-

ence the serum fibrinogen such as 
infection, it turns out that the intra
subject variability of the serum 
fibrinogen is much greater, as a 
matter of fact, five times greater on 
the average than it is in the 
matched controls. The exact sig
nificance of this finding is not yet 
known. Other workers are examin
ing the variability of serum choles
terol, of the electrocardiogram and 
of other variables in man. The 
study of such variability over vari
ous time spans has presented diffi
culties in experimental design and 
in the analysis of the resulting data. 
We are currently studying more 
effective ways to measure variabil
ity from non-independent observa
tions as well as more effective ex
perimental designs. 

A more detailed study of the 
factors influencing the values of 
such measurements is extremely 
important, that is, the influence of 
the environment upon biological 
processes. We are now able to look 
at interrelationships of several fac
tors and of their influence on meas
urements, and can thereby better 
evaluate the meaning of the par
ticular observation. Various work
ers are critically examining the con
cepts of normality and of the 
distribution of measurements in a 
healthy or normal state. The con
cept of optimal value has been put 
forth by L. E. Lamb (unpublished 
manuscript), that is, those values 
which are most highly associated 
with the state of continued good 
health. 

What are the sources of infor
mation concerning the distribution 
of measurements in various states 
and the expected variability of such 
measurements? Of course the time
honored sources are the studies spe
cifically designed to obtain this in
formation. Design of such studies 
must be rather flexible, in the sense 
that they do not impose unrealistic 
rigidity, and they must be broad 
in the scope of their considerations. 

A second major source of such 
information has been made possible 
by the computer. This is the 
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routine screening of individuals for 
particular measurements by use of 
automated multi-test laboratories. 
Dr. Morris Collen has applied com
puter technology to the periodic 
health examination by using the 
results of multiple screening tech
niques, and a specially designed 
and constructed facility. This sys
tem has been described in some de
tail elsewhere (Collen, 1966), but 
basically it consists of patients pass
ing through some 20 stations where 
a procedure such as chest x-ray, 
electrocardigram, etc., are per
formed. Information from these 
procedures is entered into punch 
cards and then into the computer, 
which prints out a report consti
tuting advice as to any additional 
procedures which should be done 
prior to the next examination. This 
advice is based upon decision rules, 
previously established by internists, 
based upon specific test results. A 
second approach has been that of 
routine MMPI evaluation, such as 
has been reported by the Mayo 
Clinic (Pearson et al., 1965). 
Both such systems will be useful 
for the acquisition of data concern
ing the problems of particular items 
of measurement and the interrela
tionship of such measurements. 

The third source of such data 
should come from the increasing 
use of physiological monitoring. 
Physiological monitoring seems to 
be a workable system for yielding 
a valuable continuous evaluation 
of the status of the patient during 
surgery, intensive care, and the per
formance of diagnostic and thera
peutic procedures, and should be 
useful in long-term monitoring of 
subjects performing various tasks 
in various environments. Of course, 
the astronauts provide perhaps the 
best example of monitoring of sub
jects in unusual environments, but 
similar information is needed about 
those of us who are earthbound 
and going about our usual tasks. 
We need to know both the short 
and long term behavior of various 
physiological parameters. By moni
toring patients receiving medica-

236 

FUTURE OF COMPUTERS IN MEDICINE 

tion, it should be possible to ob
tain more dynamic information 
concerning response to therapy. In 
this way we can study the influence 
of various factors upon the be
havior of variables and can then 
hopefully evaluate the relative 
value of such measurements as pa
rameters of therapeutic effect. This 
is not an easy task, nor is it one 
that is currently as effective as it 
will be. Many important and com
petent people are working in the 
area of physiological monitoring, 
and I look forward to the time 
when this provides us, not only 
with a source of dynamic informa
tion, but great assistance in the 
clinical care of patients as well. 
Such a system should provide us 
with up-to-date meaningful infor
mation, upon which realistic de
cisions can be made. 

Other sources of basic quantita
tive information should come from 
computer processing of images. Al
though the work in this area is still 
primitive, information about size 
and spatial relationships should be 
forthcoming in the future from this 
source. Still another method for 
obtaining information especially 
about the natural history and thera
peutic aspects of disease should 
be the automation of the flow of in
formation within a hospital. It is 
my feeling that such a system holds 
great promise for increased effi
ciency in patient care as well as a 
valuable source of management, 
patient care and disease process 
information. 

Much information is currently 
being gathered, and more will be in 
the future. What are we going to 
do with this information? How are 
we going to disseminate it so that 
it can be readily available to per
sons requiring it? Hopefully, cur
rent research in information re
trieval techniques will lead us to 
a system for the systematic organi
zation of medical information. 
Such an organization should ac
complish two things . It should in 
the first place provide for easy 
retrieval of desired information and 

secondly it should point out our 
information deficits. Various ap
proaches to the systematic organi
zation of medical knowledge have 
been put forth. The National Li
brary of Medicine makes use of a 
very detailed system for organizing 
published knowledge. Whether any 
scheme now on the scene is totally 
effective remains to be seen. How
ever, the point is that various work
ers are now investigating ways to 
organize our knowledge so that 
it is retrievable, so that it can be 
brought up to date, and so that 
it becomes useful. Such informa
tion should conceivably be avail
able in an immediately retrievable 
form for maximal usefulness. 

Computer Assisted Instruction 

Up to now we have been dis
cussing ways in which information 
should be gatheJred and stored. 
Now let us address ourselves to 
the problem of disseminating the 
information, that is the problem of 
education of medical students and 
house staff officers, and the con
tinuing education of practicing phy
sicians and scientists. This is an 
area in which some of the most 
exciting work is now being done 
involving computers, that is, utiliz
ing the computer as an instructional 
aid in the imparting of medical 
knowledge to people. We have been 
interested in this approach to the 
teaching of medical information for 
some time and unfortunately do 
not yet have a working system.* 
However, other workers, partic
ularly Feurzeig and co-workers 
(1964) and Entwisle and Entwisle 
( 1963), have reported working sys
tems in the teaching of differential 
diagnoses. Basically what they do 
is to have the computer simulate a 
patient, have the student sit at the 

* Since this presentation, we have 
developed a working system which 
will be described in Harless, W. G. 
The implementation of a computer
assisted instruction program in a 
medical center environment. J. Med. 
Educ. (in press). 



computer or at a console, and the 
student asks the computer ques
tions much as he would ask ques
tions of a patient or of a clinical 
laboratory. One method even has 
built into it delays, so that if you 
ask for a blood culture, you do not 
get the results immediately. The 
point is that the student is asking 
the questions and the computer is 
giving him the information that he 
needs. It will provide answers to 
specific questions and it can be set 
up to answer any question , within 
limits, that a student asks, even 
though the question does not per
tain to the particular patient being 
simulated. This is one approach to 
the problem of computer-assisted 
instruction. In the future the com
puter will be used not only in this 
fashion, but also will have avail
able to it visual and auditory aids. 
For example, it will turn on a tape 
recorder so that the student can 
listen to heart sounds and flash 
slides so that he can look at bi
opsies, blood smears, or electro
cardiograms. The modern digi
tal computer can communicate 
with students in a conversational 
mode, and courses can be devel
oped for computer-aided instruc
tion without requiring a student to 
learn a special code, computer pro
gramming, or other technology. It 
should be pointed out that it is not 
the purpose of this form of instruc
tion to replace human instructors, 
but rather to assist them in their 
task. As a matter of fact, it should 
actually improve their teaching, 
since the computer can maintain 
records on the progress of students 
including information as to student 
deficiencies, so that the instructor 
can be aware at all times of how 
effective his teaching has been. This 
should allow for a more dynamic 
teaching, in that the material being 
presented to the students can be 
altered to fit the needs of the par
ticular students receiving the in
structions. 

Modern computers can respond 
within micro-seconds to student 
questions and can accomodate sev-
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eral students virtually simultane
ously. Therefore, student experi
ences can be multiplied greatly with 
only a small increase in time. The 
primary advantages of such instruc
tion are that it allows each student 
to progress at his own rate, it pro
vides feedback information to the 
instructor so that he can provide 
the kind of instruction that is 
needed, and permits students to 
use it at times convenient to them. 
This latter consideration could , of 
course, be advantageous to the stu
dent by more effective utilization 
of his available time. This form of 
instruction is still in early develop
mental stages, but it should be an 
effective method for the future. 

Conclusion 

The computer is here. It has be
come a part of medicine. We have 
talked for a day and a half now 
about some of the applications of 
computers in medicine, and of the 
future of at least some of these ap
plications. There is a language 
problem in communicating with 
computers, but certainly the future 
is going to see a medical language, 
comparable to the scientific lan
guage Fortran, built to enable phy
sicians to communicate with the 
computer. The real advancements 
in computer application depend at 
least in part upon active use by 
physicians of computers. 

In closing, let me summarize by 
saying that I feel that the major ef
fects of current research will be to: 

1. provide more quantitative in
formation concerning man's phys
iology especially as it is affected by 
his environment; 

2. provide a classification, stor
age, and retrieval system for the 
collected information; and 

3. provide more effective means 
for continuing medical education. 
It should be emphasized that mod
ern medical research should provide 
us with the information neces
sary for physicians to make mean
ingful decisions concerning the 
care of their patients, and after all 

good patient care is the goal of all 
of medicine. 
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Applications of Computers to Medicine 

EDWARD N. BRANDT, JR. 

Computer Facility and Biostatistical Unit, 
University of Oklahoma Medical Center, Oklahoma City 

The purpose of this paper is to 
present an over-view of current ap
plications of computers to prob
lems in medicine and not to discuss 
any specific application in detail. 
This discussion will be concerned 
only with digital computers. 

The modern digital computer is 
not very old. As a matter of fact, 
digital computers as we know them 
date from approximately 1949. Yet 
in this short span of time they have 
contributed to almost every sphere 
of man's activities. Computers have 
been applied to medical problems 
since about 1956, and have played 
an important role in increasing 
both the depth and breadth of 
medical research and practice. 

It seems to me that computers 
have had two major impacts in 
medicine. First they have provided 
a focus for a true multidisciplinary 
approach to medical problems. 
Computer scientists and computer 
centers have contributed to this in 
part by their own research pro
grams which have served to stimu
late physicians and scientists to 
make use of computers and com
puter methodologies. Furthermore, 
the capabilities of computers has 
stimulated the joining together of 
medical scientists and physical or 
mathematical scientists to solve a 
medical problem. Secondly, the 
need for computers to have well 
defined problems has required phy
sicians and scientists to better de
fine their problems and to be more 
critical concerning the precision of 

their data and the design of their 
experiments. The ability of the 
computer to handle multivariate 
problems and to effectively work 
with the interrelationships of vari
ables has made it possible to get 
more information from critical ex
periments than had been possible 
previously. 

It is difficult to point to any 
single major contribution due solely 
to the use of computers. However, 
Dr. Shannon (1965) in his intro
duction to Dr. Waxman's book has 
pointed out that computers con
tributed materially to the work of 
Drs. Watson and Crick in eluci
dating the structure of nucleic 
acids. The effect of computers on 
medical activities has been subtle 
but nonetheless impressive. 

Statistics 

Since medicine is an empirical 
science, it seems only reasonable to 
begin our discussion of computer 
applications with the impact of 
computers on medical statistics and 
epidemiology. Let us examine some 
of the general experiences. Com
puters have had several major im
pacts on medical statistics. First, 
they have permitted statisticians to 
effectively summarize masses of 
data in informative ways. Clearly, 
masses of data by themselves are 
not necessarily informative, but 
when collected systematically with 
a good design, can be useful, espe
cially in clinical medicine and in 
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public health. Furthermore, com
puters have permitted multivariate 
statistical methods developed some 
thirty years ago to become practi
cal statistical tools for analyzing 
more realistic medical experiments. 
This potentiality is fraught with 
dangers because of the rather se
vere limitations of these methods 
from an interpretive point of view, 
but computers have made research 
into multivariate statistical meth
odologies practical and useful. The 
third major impact is related to the 
first two in that data arising from 
complex and/ or unconventional ex
perimental designs can now be 
analyzed more effectively. This has 
again permitted statisticians to as
sist in the design of more realistic 
experiments. Finally, statisticians 
are now able to more effectively 
study their own methodologies and 
thereby evaluate and hopefully 
strengthen their tools. 

Epidemiology 

Epidemiology and epidemiologi
cal studies have long provided the 
major share of clinical medical 
knowledge especially as it relates to 
etiology, natural history, and pre
ventive and therapeutic aspects of 
disease. In recent years, epidemi
ologists have changed their focus 
from infectious to chronic diseases, 
especially lung cancer and coro
nary artery disease. The problems 
of study posed by such diseases are 
challenging. The usual approach 
has been multivariable and has in
volved large numbers of subjects. 
Therefore, one major aspect of the 
work of the chronic disease epi
demiologist has to be the under
standing of the properties of the 
quantities which he is measuring 
and the influence of each of these 
quantities upon the values of each 
of the others. It is very doubtful 
that the information gained from 
such studies would be available 
without the accessibility of com
puters to summarize collected data 
and their relationships to disease. 
The amount of data gathered in 
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even a modestly sized epidemiologi
cal study is formidable, but the 
editing, storage and logic capabili
ties of digital computers have led 
to greater accuracy, faster report
ing of findings and new approaches 
to the analysis of such data. 

Mathematical Models 

Computer techniques have made 
mathematical analysis of biological 
phenomena feasible. Of particular 
importance are mathematical mod
els of biological systems. Dr. Eu
gene Ackerman (manuscript in 
press) , a biomathematician at the 
Mayo Clinic, has set forth two 
goals for such models: description 
or characterization of the biologi
cal system and improvement in the 
understanding of the mechanisms 
of the system. Successful models of 
several biological systems have 
been developed including the elec
trophysiology of the heart (Bayley 
and Berry, 1964) and the body 
fluids and electrolytes (Maloney, 
1966). 

Radiation Therapy 

Another application of mathe
matical methods to medical prob
lems is in the realm of radiation 
therapy. By deriving mathematical 
expressions for the dose distribu
tion within a beam or around a 
source, it has been possible to com
pute radiation doses to particular 
tissues and thereby to select that 
treatment plan which will result in 
the most effective dose to the de
sired area of the body. Work in 
this area has been largely due to 
Shalek (Shalek and Fletcher, 1962) 
and Adams (Adams and Meurk, 
1964) with implanted radium 
needles and to Sterling and Perry 
( 1962) with external beams. Eval
uation of the success of these 
approaches must await a more 
complete statistical evaluation of 
survival data, but it certainly seems 
reasonable that some such method 
will be more successful than is 
otherwise available. 

Analogue Applications 

Analysis of bioelectric signals 
has been one of the more fruitful 
areas of computer applications to 
medicine. However, this success 
has not been without much work 
and frustration. The ability to work 
with such signals requires good 
data collection and recording in
strumentation which will not mask 
the desired signal with artifact. 
Furthermore, since these signals 
are continuous relative to time, it 
is necessary to convert them into 
discrete numerical · values if a digi
tal computer is to be utilized in 
the analysis. This is accomplished 
by use of a device known as an 
analog-to-digital or A to D con
verter. Our knowledge of analog
to-digital conversion techniques is 
increasing and this should contrib
ute to our ability to work with 
these signals. However, these data 
acquisition procedures have re
sulted in huge volumes of data, and 
new techniques for handling such 
volumes have been required. Re
sults of such work on the electro
cardiogram have been particularly 
interesting and this has been dis
cussed by Pipberger (Pipberger 
and Stallmann, 1964). The electro
encephalogram has also been stud
ied in detail as have other biologi
cal signals. 

Patient Monitoring 

The ability to acquire and proc
ess bioelectric signals has given rise 
to still another application of com
puters, that of monitoring physio
logical events. In this application, 
the computer is an integral part of 
an experiment in that it serves to 
continuously monitor the input 
data and to process such data while 
the experiment is going on. This 
allows for modification of the con
ditions of the experiment on the 
basis of analysis of the data from 
earlier parts of the experiment. In 
this way, the computer plays an 
active role in the conduct of the 
experiment. Two terms are fre-
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quently used in physiological moni
toring: "on-line" and "real-time." 
On-line indicates that the data 
source is connected directly to the 
computer, that is without interven
ing recording of the data. Real-time 
indicates a computational configu
ration in which the values of time 
varying parameters are generated 
at their actual rate. Both of these 
characteristics are necessary for an 
effective monitoring setup. It should 
also be pointed out that on-line 
monitoring systems permit the 
study of intact physiological speci
mens and thereby of the control 
systems responsible for mainte
nance of equilibrium. Work of this 
sort has been pioneered by Stark 
(1964), Macy (1964) and others. 
More recently, physiological moni
toring techniques have been utilized 
clinically by Wilber and Derrick 
(1965) to monitor patients during 
surgical anesthesia, by Weil ( 1965) 
to monitor during circulatory shock 
and by others. Boyd (1965) has 
set forth four functions of a physi
ological monitoring system. These 
are: acquisition of data, recording 
and output of data, logical manipu
lation of data and provision of 
warning devices in the event varia
tions exceed preset limits. Data 
acquisition is dependent upon the 
availability of sensors that are rela
tively artifact free, do not inter
fere with the physiological system 
under study and have a long useful 
life. Biological engineers have been 
responsible for the development of 
the instrumentation required for 
monitoring activities including the 
development of improved sensors. 
The future promises many advances 
in the physician's ability to care for 
the ill by use of monitoring instru
ments and techniques. 

Publications 

The current flood of medical 
literature poses one of the greatest 
challenges in history to medical 
workers. With the amount of litera
ture currently available, it is rap-
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idly becoming virtually impossible 
to screen all of it to find and read 
the articles of greatest interest. One 
solution to this problem has been 
developed by the National Library 
of Medicine (Karel , Austin, and 
Cummings, 1965) in the form 
of a computer system known as 
MEDLARS (Medical Literature 
Analysis and Retrieval System). In 
this system the content of the medi
cal literature is analyzed and as
signed descriptive words which 
summarize its content. This infor
mation can then be systematically 
searched for all references described 
by specific descriptive terms, and a 
list of all such references prepared. 

Computer Diagnosis 

One application of computers 
which has received a great deal of 
publicity and which has stirred up 
much controversy has been that of 
computer diagnosis. Part of the 
reason for the controversy has 
arisen from differences in the ex
pectation of what a diagnosis 
should be. Ideally, I suppose, we 
would like a computer to be able 
to make the correct diagnosis or 
diagnoses from a minimum amount 
of easily obtainable information. At 
the present time, this is not feasible 
for many diseases. This is due, in 
part, to our lack of understanding 
concerning the relationships of spe
cific items of information to specific 
diseases. If, on the other hand, one 
wishes the computer only to assist 
him in arriving at a diagnosis, then 
this is possible with a few diseases. 
However, effective use of these 
procedures requires the physician 
to know in advance that the pa
tient has one of the diseases in
cluded in the developed system. 
Probably the best known work in 
diagnosis is that of Dr. Homer 
Warner with congenital heart dis
ease (Warner et al., 1961). His 
procedure utilizing Bayes' Theorem 
has proved successful if the phy
sician provides good information. 
It is unlikely that the computer will 
play a major role in disease diag-

nostic efforts for some time to 
come, but studies of its usefulness 
should continue so that we can 
better define its role. 

Pattern Recognition 

Thus far, I have discussed only 
a few computer applications to 
medicine. These applications have 
utilized information in three forms: 
numbers (for the statistical and 
mathematical applications), electri
cal signals as with the electrocar
diogram and English words in the 
library applications. However, in
formation in still another form, 
visual images, has been approached 
by the computer scientist. It should 
be stressed that all of these forms 
of information must be translated 
or converted into discrete entities 
such as numbers or letters before 
they can be processed by digital 
computers, however, representation 
of the information by such discrete 
quantities should not materially 
alter the information content. Com
puter processing of the information 
contained in visual images has pri
marily revolved about chromosome 
identification (Mendelsohn et al., 
1965) and work with chest x-rays 
(Becker ~t al., 1964; Meyers et al., 
1963) . Work thus far accomplished 
has demonstrated the feasibility of 
applying computers to this form of 
information. 

Medical Records 

Automation of the flow of in
formation within a hospital is cur
rently rece1vmg much interest. 
Hopefully, such automation would 
decrease the time required to trans
mit information, provide better 
means for maintaining the accuracy 
of such information and in general 
improve the efficiency of the hos
pital operation. This application is 
beset by many problems, but it 
does seem that a computer oriented 
system for hospital information 
flow may accomplish these ends. 



Conclusion 

This has been a brief glimpse at 
some of the applications of com
puters in medicine. This is an ex
citing time for all of us involved 
in medical problems since the avail
ability of computers and comput
ing methodologies has presented us 
with an opportunity to expand our 
abilities to be creative. It is not an 
easy road but it promises to be 
productive. Those of us interested 
in biomedical computing have 
learned a great deal in the last few 
years and we still have much to 
learn, but the future looks bright 
for increasing our knowledge of 
medicine to improve our care of 
the ill and our ability to maintain 
the healthy. 
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Effects of Computers on Patient Care 
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In reviewing the specific topics 
of this lecture series, I was immedi
ately struck by the fact that if 
computers have any impact on the 
practice of medicine, the organiza
tion and administration of hospitals 
and health care facilities, or on 
general medical research, it must 
follow that computers will have an 
effect on patient care. After all, 
patient care is essentially the out
put of a system which has medi
cine, research, and administration 
as its inputs. If, through the use of 
computers, any one of these inputs 
can be aided, a beneficial effect on 
patient care should result. You 
have heard thus far that there are 
many outstanding benefits which 
can be achieved through the use of 
computers in the practice of medi
cine as well as in general medical 
research. 

Development of Hospital 
Systems Analysis 

I am sure that by now you are 
all aware of the marked current 
interest in the use of electronic 
data processing, operations research 
methodology, and many industrial 
engineering techniques in hospitals. 
However, I believe that a little 
historical development would help 
to set the stage for my discussion 
today, as it might focus your atten
tion on what I consider to be some 
of today's problems. You will 
probably be amazed to learn that 
one of the first persons interested 
in designing better patient-care sys
tems was none other than the 
founder of the concept of motion 
study and one of the fathers of the 
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scientific management movement, 
Dr. Frank B. Gilbreth. He made 
extensive studies of management in 
many hospitals throughout this 
country and in Europe. In addi
tion, he conducted many method 
studies in operating rooms in hos
pitals in this country. In 1916, in a 
paper presented to the AMA, Gil
breth stated "In studying these 
many hospitals, we find conditions, 
as a rule, much worse from a man
agerial standpoint than in the av
erage factory, and some hospitals 
are so bad that they should actually 
be closed immediately." Remem
bering the conditions that existed 
in the factory system in the early 
1900's, you will probably get the 
full impact of Gilbreth's criticism. 
He went on to point out that there 
were no reasons that present man
agement and systems in hospitals 
could not be revolutionized; that 
the waste .in transference of skill in 
surgery could not be eliminated; 
and that the methods proven in 
industry could not be applied to the 
hospital. A little spark of interest 
was triggered by Gilbreth's discus
sion when Pool and Bancroft 
(1917) described a system study 
of a surgical service in which many 
concepts of today's operating suites 
were discussed and presented. It 
was over 20 years before Lawrence 
and Berry (1938) made the next 
appeal for the use of industrial 
motion study principles in the op
erating room. 

It was still to be several more 
years before any real activity was 
to take place. Surprisingly enough, 
the nursing profession began to 
champion the cause of designing 

better patient-care systems. Two 
nurses at the University of Minne
sota School of Nursing were inter
ested enough to attend classes in 
motion and time study at the Uni
versity's School of Engineering. 
They began to put into practice 
some of the principles that they 
had learned (Dodds, Petry, and 
Koepke, 1940). About the same 
time, Dr. Ralph Barnes, a pioneer 
industrial engineer, carried out sev
eral studies at the University of 
Iowa College of Dentistry (Speidel 
and Barnes, 1942) , and Dr. Lillian 
Gilbreth ( 1945) made another ap
peal to hospital administrators, 
which was essentially the same as 
her husband had made 30 years 
before. 

However, it took World War II 
with the shortage of nursing per
sonnel in the post-war years, the 
sharply rising costs of patient care, 
and the changes in the pattern of 
patient care to really awaken the 
hospital world. About the same 
time the operations research star 
began to rise, as the use of the 
computer made possible solutions 
to mathematical problems which 
could not have been solved previ
ously. The slow awakening of hos
pitals to modern management meth
ods took place over 35 years after 
the initial discussions about the pa
tient-care system by Frank Gil
breth. 

Computerization of Clinical Data 

Now if we consider scientific 
management a revolutionary move
ment, you might ask what differ
ence does it make when we jump 
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on the bandwagon, just as long as 
we jump. There is a difference, and 
this is one of the two significant 
points that I would like to leave 
with you today. It is exceptionally 
difficult to jump on a rapidly mov
ing vehicle without first accelerat
ing to an equal speed. Industry has 
had over 40 years to adjust to the 
gradual changes which ·create the 
proper environment and a recep
tive attitude for the use of new 
management technology, such as 
computers. 

Unfortunately, many hospitals 
today view the use of computers as 
a panacea. In one respect, nothing 
can be further from the truth in 
the patient-care system. Simply re
placing the current information 
system by computers may result 
only in an amplification of the 
speed by which "garbage" is proc
essed. The effect that this type of 
approach has on patient care may 
well be a negative one. Hospitals 
must first accelerate to the pace of 
the bandwagon. 

In order for computer applica
tions to have the most beneficial 
effect on patient care, all patient
care systems must be carefully 
studied and evaluated. Let me de
fine what I consider a patient-care 
system. A patient-care system 
would include the physical activi
ties required to carry out a func
tion or goal, together with the 
accompanying information systems 
that are related to those physical 
activities. 

As I have said, all patient-care 
systems must be carefully studied 
and evaluated. In effect, I am im
ploring you to eliminate the "gar
bage" and the "noise" initially. In 
order to do so, the patient-care 
system must be studied carefully, 
and system decisions must be based 
primarily on the patient as the 
center of activity, and not the com
puter. In many cases, the physi
cian's order supplies the goals to 
be met by the patient care system. 
These goals must be carried out 
within the context of the entire 
hospital operation. Although I may 
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have implied that the physician's 
order may be considered a goal or 
a set of functions to be achieved, I 
do not imply that the method for 
achieving these goals is restricted. 
For example, coming to Richmond 
may be considered to be an explicit 
goal, but you know that there are 
many methods of transportation 
and many routes to follow that 
would satisfy this goal. Thus, in a 
hospital system, for example, re
quiring a specific medication T.I.D. 
is one thing, but deciding how the 
prescribed drug is to reach the cor
rect patient at the specified time is 
something completely different. The 
careful study and design of which 
I speak requires a consideration of 
the possible alternatives and a se
lection of the one most feasible to 
carry out the specific function in 
question. Hospitals have been quite 
remiss in carrying out this type of 
activity. 

Design of Hospital Computer 
Systems 

I might add that restudy and re
evaluation is also a necessary com
ponent of system studies to keep 
up with the many changes in medi
cal technology that are introduced 
into the patient-care system. This 
same approach or philosophy must 
permeate the indirect care systems 
as well as the direct care systems. 

This atmosphere of study and 
design is a spiraling one. It is simi
lar to the variance between fire
fighting and fire-prevention. Most 
people associated with hospital 
management find themselves con
stantly problem solving or in a fire
fighting situation. They have little 
time for planning or fire preven
tion, and the less time they spend 
in fire prevention, the more fires 
they will have to stamp out. This 
usually continues as a downward 
spiral. 

The concept of proper design of 
a patient-care system can be an 
upward spiral as opposed to a 
downward spiral. If one first takes 
the time to properly design a pa-

tient-care system or a component 
of a patient-care system, the num
ber of difficulties or problems will 
be fewer, thereby providing more 
time to spend in design. 

The study and design of hospital 
systems is, of course, no easy mat
ter, nor one that can take place 
overnight. The use of computers as 
an information processing medium 
must be included as a part of the 
system studies, if greatest effectivity 
is to be achieved. The capacity for 
computer performance is great, but 
it is always dependent upon the 
imagination and the sophistication 
of its man-made programs. 

Current Uses of Computers 

The effect that computers have 
on patient care will depend on 
their mode of operation. Com
puters may be called upon to proc
ess information "after the fact" or 
after required action has been 
taken, or they may operate in real 
time or "on line" with the events 
as they are taking place. Most of 
the computer applications existing 
in hospitals today are of the former 
type. They have been focused on 
business office or fiscal affairs and 
on certain medical statistics. These 
types of computer operations are 
essentially after-the-fact manipula
tions of stored information. It 
should be pointed out that many 
of these applications are exactly 
the same as their industrial coun
terparts, and the transformation of 
industrial programming was easily 
accomplished, since the industrial 
system, in many cases, had been re
evaluated and redesigned with the 
eventual use of computers in mind. 
We find such applications as ac
counts receivable, accounts pay
able, hospital payrolls, patient ledg
ers, and general ledgers. The use 
of computers in these applications. 
has facilitated the hospital admin
istrator's business-office operation,. 
and has provided for greater ac
curacy in patient billing and, hope
fully, for reduced operating costs .. 
To the extent that these activities; 
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were achieved, patient care in a 
general sense was improved. 

The computer evaluation of cer
tain medical statistics provide in
formation that perhaps was not 
previously available. A good ex
ample of this is the service offered 
by the Commission on Professional 
and Hospital Activities. Hospital 
case history data is processed to 
compile routine statistics on dis
charged patients, as well as to in
dex cases by diagnosis, operative 
procedure, physician, etc. Com
parisons of data which can be 
made could result in improved pa
tient care. For example, one could 
evaluate the length of stay of pa
tients with the same diagnosis, and 
possibly infer a more successful 
treatment modus operandi. Com
puter storage of large masses of 
data, such as those found in the 
medical record, patient index, phy
sician index, disease and operative 
index, etc., will be of great benefit 
in the development of computer
aided diagnosis and eventually in 
improved patient care. However, 
these applications to a certain ex
tent are still in the research stage, 
and their implications to patient 
care really remain to be seen. 

The most exciting and probably 
the most beneficial effect on pa
tient care will be achieved in the 
use of the computer in clinical 
activities within the hospital in real 
time. In these applications, data is 
being continuously fed into the sys
tem, and processed results are 
continuously available. This feature 
is especially important to the hos
pital, as hospitals are faced with 
extremely difficult problems of lo
gistics. These problems are magni
fied due to the communications 
required by the very large number 
of departmental interrelationships 
and more importantly, the system 
perturbations caused by wildly 
fluctuating demand for services and 
facilities. 

A computer operating in real 
time is well-equipped to consider 
both of these peculiarities. It can 
not only take them into considera-
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tion but can rapidly respond to 
them. The problem of communica
tions begins with the physician's 
order and permeates the entire sys
tem, as various services are brought 
to bear in the treatment of the 
patient. In the first place, the cor
rect transmission of the physician's 
request to all the agencies will be 
a step forward in improving patient 
care. In addition, as Dr. Brandt 
pointed out, computers can receive 
directly many of the physiological 
measurements about the patient 
picked up by monitoring devices. 
They can provide programmed re
sponses such as alarms when out
of-control conditions develop. 

One should go through all of the 
departments of the hospital to 
really see how this type of com
puter application would affect the 
performance of each and every 
service area. In short, I would sug
gest that if you would visualize the 
accurate transmission of informa
tion and the immediate feedback 
of results facilitated by computers 
coupled with properly designed 
physical performance systems, you 
would see an image of the dynamic 
hospital system of tomorrow. 

In my opinion, the most bene
ficial impact of computers on pa
tient care rests primarily in the 
better control made possible by the 
use of the computer. This control 
in essence provides medical care as 
prescribed by the physician with 
the minimum amount of error and 
delay. The problem of how to pre
scribe the care is the physicians' 
problem. The hospital patient care 
system must take the instructions 
which the physician provides and 
operate on that input in such a way 
as to develop outputs which ac
curately reflect the mission of the 
hospital. 

Summary 

In conclusion, the computer 
alone is not enough to provide the 
best possible patient care. Every 
hospital must be introspective 

about each patient-care system so 
that the performance aspects of the 
systems are meaningful and ef
ficient. Couple the best methods of 
performance with the information 
processing and control capabilities 
offered by the computer, and one 
can envision a smoothly function
ing patient-care complex in which 
the wild perturbations one sees in 
today's hospital operation are mini
mized. However, medical care finds 
itself in an awkward dichotomy. 
Many of the causes of system per
turbation in the hospital are di
rectly related to the demands for 
and implementations of new medi
cal research results and technology. 
This of course, we must aid and 
abet to the best of our ability, so 
that patient care is continuously 
improved. While we struggle to 
keep the patient-care system under 
control, on the one hand, we must 
at the same time encourage the 
new procedures and techniques 
which of necessity bring about 
greater perturbations. It is only by 
welding together the best possible 
performance and information sys
tem that we can provide the oppor
tunity for improving patient care. 
Thank you. 
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Cryocautery and Aqueous Humor Dynamics* 
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During the past decade the ap
plication of low temperatures to se
lected tissues has become an im
portant and fascinating tool in 
various surgical fields. Numerous 
systems have been designed to fa
cilitate cryo-applications to various 
organs. The first instruments de
vised to produce localized freezing 
of ocular tissues were crude, and 
consisted primarily of metallic 
cylinders filled with various low
temperature mixtures. One such 
device was used as early as 1933 by 
Bietti (1933; 1934) and Deutsch
mann (1933 ; 1935) in the treat
ment of retinal detachments. While 
Bietti used a mixture of solid car
bon dioxide and acetone in a metal 
probe, Deutschmann applied car
bon dioxide snow directly to the 
sclera, both modes of application 
resulting in the production of an 
adhesive chorioretinitis. 

Bietti ( 1950) was the first to 
apply freezing techniques to the 
ciliary body as antiglaucomatous 
treatment. He reported tonometric 
results in both experimental animals 
and humans following the applica
tion of solid carbon dioxide to the 
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sclera over the ciliary body. No 
further reports have appeared in 
the literature until recently when 
Polack and de Roetth ( 1964) re
ported their studies on the effect of 
freezing of the ciliary body. These 
authors used a conically-tipped 
copper vessel filled with dry ice 
and alcohol which they applied re
peatedly over the ciliary body area 
of rabbit eyes. Tonographic results 
of these experiments showed a low
ering of intraocular pressure aver
aging 4 mm Hg with a concomitant 
reduction of outflow facility and 
aqueous flow. 

This study was undertaken pri
marily for the purpose of obtaining 
data for statistical evaluation of the 
effects of ciliary body freezing on 
aqueous humor dynarpics. Such 
data is not presently available in 
the ophthalmic literature. Another 
objective has been to measure tem
peratures in various ocular struc
tures during cryo-application and to 
study histologically eyes subjected 
to cyclocryocautery. 

Methods 

The first technique employed 
was to freeze the entire ciliary 
body with a cryo-applicator ring 
built in our laboratory. This con
sisted of brass tubing, the ring 
diameter corresponding to the rab-
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Insulated Handle 

Freon 

F-12 

Freezing Coils 

Vacuum Chamber 

Vacuum Pump ---

Fig. 1-Schematic diagram of freezing apparatus using ring-type applicator. 

Fig. 2-Handle with Freon regulating valve: ring-type freezing applicator. 
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bit ciliary body area ( 18 mm for 
most mature chinchilla rabbits). 
The brass tubing was attached to a 
closed system which was fed con
tinuously with Freon gas. The ring 
was attached to an insulated handle 
which also contained a gas regulat
ing valve. The used gas was dis
charged into a vacuum pump (figs. 
1 and 2). The circulating Freon 
gas cooled the brass ring to a tem
perature of - 23 °C. When this ring 
was applied to the ciliary body 
area, freezing was almost instan
taneous and extended grossly about 
1.5 mm on either side of the ap
plicator. Since in the rabbit eye the 
ciliary body is located close to the 
limb us (Sheppard, 1961), freezing 
of the peripheral cornea and the 
chamber angle was unavoidable by 
this technique. After using this 
technique on a number of rabbit 
eyes, certain disadvantages became 
obvious. Immediately following cy
clocryocautery by this technique a 
substantial rise in intraocular pres
sure occurred in all eyes. The in
traocular pressure rose an average 
of about 15 mm Hg, and tonogra
phy immediately following thawing 
showed a greatly reduced facility 
of outflow. This rise in intraocular 
pressure was thought to be due to 
obstruction of aqueous outflow 
channels by freezing, similar to that 
reported by Gazala et al. (1965) 
following circumferential experi
mental limbal diathermy. After 24 
hours the intraocular pressure in 
these animals returned to preopera
tive values, followed by a lowering 
of intraocular pressure and reduc
tion of aqueous flow in some eyes. 
Histological examination of rabbit 
globes following this mode of cryo
application also showed a number 
of undesirable side effects, pri
marily disruption of the chamber 
angle structure which would in all 
probability nullify any effect of re
duced aqueous production by the 
ciliary body. It could also be shown 
that many of the small vessels sur
rounding the limbus were perma
nently occluded by a process of en
darteritis obliterans, whereas larger 



channels remained patent. Similar 
findings were recently reported by 
Dan and Priestley (1965) on newly 
formed conjunctiva! and corneal 
vessels. Consequently it was felt 
that this procedure would be too 
traumatic for human application. 
In all subsequent studies inter
rupted cryo-applicataions have been 
employed. 

At this time I became aware of 
the commercial availability of the 
Kelman Cryostylet (Frigitronics, 
Inc., Bridgeport, Connecticut). All 
further experiments were carried 
out with this instrument (fig. 3). 
The instrument utilizes the Peltier 
effect to produce low temperatures 
(Kelman, 1964). A number of 
modules (electric current passing 
through two dissimilar metals) are 
connected in series. The heat pro
duced at the terminals of the mod
ules is cooled by a coolant, and the 
cold produced at the junction is 
used for freezing (fig. 4). The 
handle of this instrument carrying 
the freezing tip also has a micro 
switch accessible to the surgeon's 
index finger, which activates a heat
ing coil, thus allowing for termi
nation of the freezing process 
within 3 to 5 sec (figs. 5 and 6). 
While this instrument was pri
marily designed for use in cataract 
surgery, it can easily be used for 
ciliary body freezing when some
what lower temperatures are used. 

Freezing was carried out with 
the Cryostylet by applying the tip 
of the instrument firmly over the 
conjunctiva for 1 min 1 mm from 
the limbus. Two applications were 
made in each quadrant. The frozen 
surface was slightly larger than the 
tip of the instrument, measuring 
about 4 to 5 mm in diameter. With 
the reservoir temperature of the 
coolant (saturated salt solution and 
ice) at -2° to - 4°C, the tempera
ture of the tip was - 40°C. Since 
the ciliary processes of the rabbit 
eye extend to the posterior surface 
of the iris, complete freezing of all 
processes was not obtained. All 
rabbits used were mature chinchilla, 
weighing from 2.5 to 3.5 kg. All 
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Fig. 3-Kelman Cryostylet consisting of power supply, cooling reservoir, and 
freezing applicator tip with handle. 
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Fig. 4-Schematic diagram of thermoelectric module, the principle of the Cryo
stylet (courtesy Frigitronics, Inc., Bridgeport, Conn.) . 
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eyes had tonograms before cryo
application and at varying periods 
afterwards . A total of 60 eyes were 
treated. Twenty eyes were enucle
ated for histological studies at vari
ous intervals ; 40 eyes were observed 
clinically and tonographically for a 
total of 12 weeks. Immediately fol
lowing withdrawal of the freezing 
tip from the conjunctiva, hyper
'emia of the surrounding tissue and 
occasionally subconjunctival hem
orrhages were observed . On a few 

TABLE 1 

occasions a small part of the pe
ripheral cornea became slightly 
hazy, but cleared completely after 
24 hours. During cryocautery of 
the ciliary body miosis ensued, last
ing for about 30 min. Slight tur
bidity of the aqueous was observed 
on the slit lamp immediately fol
lowing eight cryosurgical applica
tions, but this also cleared in all 
instances after 48 hours. After one 
week the gross and slit lamp ap
pearance of all eyes was normal. 

Only results of the two-per-quad
rant applications will be discussed, 
since this mode gave the most con
sistent results in a small pilot study. 

Results of Tonographic Study 

All mature chinchilla rabbits 
were anesthetized with intravenous 
Sodium Pentothal and locally with 
two drops of 0.4 % Dorsacaine. 
Tonographic tracings were obtained 
on all rabbits before the study with 

Tonographic values in rabbit eyes before, 2, 4, and 12 weeks after cyclocryocautery 

Before freezing After 2- 4 weeks After 12 weeks 

PO c. F. PO c. F . PO c. F. 

A243 OD 27 .23 3.51 21 .26 26 .24 
OS 28 .40 8.40 20 .28 28 .38 

A286 OD 24 .23 3.22 21 .30 3. 30 
OS 28 .26 3.68 30 . 39 3.80 

A328 OD 17 . 17 1.19 9 . 15 
OS 22 .24 2.68 16 .33 1. 98 

A329 OD 17 . 17 1. 19 15 . 37 1.85 
OS 17 . 19 1.33 16 .33 1.98 

A360 OD 24 .27 3.78 20 .24 2.40 21 .24 2.64 
OS 24 .20 2.80 19 . 17 1. 53 18 .17 1. 37 

A361 OD 24 .20 2.80 19 .17 1. 53 18 .17 1. 36 
OS 24 .27 3.78 20 .24 2.40 21 .24 2.64 

A362 OD 22 .20 2.40 21 .30 3. 30 
OS 22 .40 4.80 17 .40 2.80 

A363 OD 21 .18 1.98 22 . 19 3.28 
OS 19 .17 1.53 21 .24 2.64 

A364 OD 24 .35 4.90 12 .20 .40 19 .23 1. 37 
OS 22 .32 3.84 15 .20 1.00 16 . 26 1. 56 

A365 OD 24 .27 3.78 21 .24 2.64 
OS 27 . 30 5.10 21 . JO 1.98 

A366 OD 21 .24 2.64 19 22 . 13 1. 56 
OS 19 .23 2.07 17 21 .24 2.64 

A367 OD 19 .29 2.61 6 6 
OS 17 .22 1. 54 7 7 

A371 OD 19 . 23 2.07 12 .15 .30 14 .25 1.00 
OS 21 .24 2.64 16 .21 1.26 16 . 26 1. 56 

A372 OD 24 .38 5.47 19 .23 2.07 17 . 32 2.24 
OS 22 .40 4.96 17 .32 2.24 15 . 28 1.40 

A373 OD 22 .27 3.34 19 15 . 28 1.40 
OS 24 .35 5.04 20 19 . 38 3.42 

A374 OD 29 .41 7 .79 19 .42 3.78 
OS 24 .44 6.33 21 .55 5.05 

A375 OD 24 .44 6. 33 21 .30 3.30 
OS 24 .44 6.33 22 . 32 3.84 

A376 OD 26.6 .39 6.25 21 .30 3.30 
OS 26.6 .39 6.25 22 .32 3.84 

A377 OD 26 .39 6.24 19 21 . 30 3. 30 
OS 26 . 33 5.28 19 22 .32 3.84 

A378 OD 27 .30 5. JO 19 .17 1. 53 21 .24 2.64 
OS 29 . 33 6.27 19 .23 2.07 22 .25 3.00 

A483 OD 33 . 18 2.64 20 29 
OS 36 .24 5.40 17 29 

A484 OD 23 .25 2.25 17 . 33 4.55 
OS 22 .41 4.92 17 . 54 3.78 
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Fig. 5-Schematic diagram of Cryostylet freezing handle showing thermo
electric modules connected in series. A micro switch allows for defrosting of tip 
by a heating element (courtesy Frigitronics, Inc., Bridgeport, Conn.). 

Fig. 6-Freezing handle of cryostylet. The surgeon's middle or index finger can 
activate a micro switch to defrost tip and disconnect the tip from frozen tissue 
after application with minimal trauma. 

TABLE 2 

Summary of tonographic study following cyclocryocautery 

Weeks after cyclocryocautery 
Average decrease in PO 
(mm Hg) 
Significance p < 
Average decrease in F 
(µI / min) 
Significance p < 
Average change in C 

8.52 
.0001 

2 4 

4.89 
.001 

l. 78 
. 001 

4.62 
.001 

No definite trend demonstrable 

8 

5.77 
.001 

12 

4.75 
.01 

l. 36 
.001 

a Mueller electronic tonometer and 
recorder. The values for PO (open
ing intraocular pressure in mm Hg), 
F (rate of a'queous flow) and C 
(facility of outflow) were calcu
lated using the tonographic tables 
by Schimek ( 1964) . I was fully 
cognizant that the calculation of 
aqueous production from tono
graphic recordings is inaccurate 
and that constants used for the 
human eye cannot be used for the 
rabbit. Since my primary interest, 
however, was a relative change 
rather than absolute values, I felt 
that an adequate means of evaluat
ing aqueous dynamic changes could 
be found by this method. This also 
makes it easier to compare results 
with those of other investigators 
who applied the same formula for 
their experimental tonographic find
ings (Polack and de Roetth, 1964; 
Bietti, 1950). Tonographic tracings 
on all treated animals were re
peated at one- to two-week in
tervals following the procedure. 

lntraocular Pressure 

Immediately following the com
pletion of the cryocautery there 
was usually a slight rise of intra
ocular pressure ( 5 to 8 mm Hg), 
but in some instances there was a 
slight drop. In no instance did the 
rise reach the proportions previ
ously described using the ring-type 
applicator. Since this did not oc
cur in the human, it ·is probable 
that in the rabbit the closeness of 
the application to the limbus is re
sponsible for the pressure rise. 

After one week the intraocular 
pressure in 42 eyes fell an average 
of 8.52 mm Hg. Only two of the 
42 eyes showed a slight rise in 
intraocular pressure. The drop of 
the PO ranged from 2 to 19 mm 
Hg. When the findings were sub
jected to a statistical analysis using 
the "t" test for paired observations, 

the ( xVn) t* t* = ---;;-

was found to be 10.456, giving a 
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significant P value of less than 

.0001. 
The PO values at the end of the 

second week were subjected to a 
similar analysis. The average drop 
in PO after two weeks was 4.89 
mm Hg. Four out of 38 eyes 
showed a slight rise in pressure, 
while the decrease in PO ranged 
from 2 to 12 mm Hg. t* was cal
culated to be 6.21 for a P value 
of < .0001. This is also statistically 

significant. 
Further analysis after four weeks 

showed an average decrease of in
traocular tension of 4.62 mm Hg. 
Four of 34 eyes showed a slight 
rise in pressure, and in two eyes it 
was impossible to get a technically 
acceptable tracing. The drop in 
intraocular tension ranged from 1 
to 10 mm Hg. Values for t* were 
4.204 and P < .001. 

After eight weeks the situation 
was essentially the same with an 
average PO drop of 5.7 mm (from 
1 to 10 mm Hg) and at* of 7.816, 
giving a significant P value of 
< .001. Before the animals were 
killed (at the end of 12 weeks), 
tonographic tracings were repeated, 
and the average drop of intraocular 
pressure at that time was 4.75 mm 
Hg. Six of 34 eyes showed in
creases from 1 to 4 mm Hg, while 
the decrease in the PO ranged from 
3 to 13 mm Hg. Statistical evalua
tion still showed a significant level 
of < .01 for the P value. 

Rate of Aqueous Flow 

Calculated values for F before 
cyclocryocautery were compared to 
F values 12 weeks after treatment. 
Values for forty eyes thus obtained 
were paired. In 10 eyes the F val
ues either remained the same or 
increased slightly. In 30 eyes the F 
value decreased. The average F 
value before treatment was 4.22 
µ,I/min and after treatment, 2.85 
µ,I/min. When subjected to a sta
tistical analysis, a t* value of 5 .112 
was obtained, giving a highly sig
nificant P of < .001. 
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Fig. 7-Ciliary processes 12 hours after freezing showing hyperemia, hemor

rhages, and endothelial changes of small vessels. 

' 

flll' . 

Fig 8-Intraepithelial cyst 12 hours after freezing: hyperemia and hemorrhages 
into stroma. 
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Fig. 9-Hyalinization of ciliary processes three weeks after freezing. 

Fig. 10-Hyalinization of ciliary processes, partial atrophy, and areas of hyper
plasia of pigment epithelium four weeks after freezing. 

Facility of Outflow 

Calculated values for C were 
paired like the values for F before 
and 12 weeks after cryocautery. 
No definite trend in C values could 
be established. C values were 
greater in 21 eyes at the end of 
observation, and less or equal in 19 
eyes at the end of the observation 
period. C values calculated at vari
ous times of the 12-week observa
tion period likewise showed no 
definitely established trend. Tono
grams for individual eyes both be
fore, in the middle, and at the end 
of the 12-week period will illustrate 
the findings discussed above (table 
1). Table 2 summarizes the re
sults of the tonographic study. 

Histology 

Sections of globes enucleated six 
to 12 hours after freezing showed 
swelling of the ciliary processes 
due to hyperemia, edema, and 
hemorrhages into the stroma (fig. 
7). There was an apparent altera
tion of the endothelium of some 
small and medium-sized ciliary 
vessels. In most ciliary processes 
the non-pigmented epithelium was 
absent, except in those globes 
where ciliary processes continued 
on to the posterior surface of the 
iris. Such processes appeared fairly 
normal. Edema caused the forma
tion of cystic spaces between the 
epithelial layers in some processes 
(fig. 8). A variable amount of pig
mented epithelium was also de
stroyed, although in most sections 
some pigmented cells remained, 
covering the congested ciliary proc
ess. The hyperemia also involved 
the iris root, causing some thicken
ing. Some edematous changes were 
also present in the chamber angle 
of most globes, but no fibrin or 
blood was observed in the anterior 
chamber. 

After 48 hours most edematous 
changes in the ciliary processes, as 
well as in the chamber angle, had 
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Fig. I I-Chamber angle of rabbit four weeks after freezing appears normal. 

subsided. Hyperemia and hemor
rhages persisted and there were 
seen free pigment granules in the 
posterior chamber surrounding the 
processes and an occasional fine 
vitreous strand, suggesting some 
alteration of its structure as a result 
of the freezing process. 

In globes observed one to two 
weeks after freezing, the pigmented 
epithelium had regenerated. The 
only histological changes of signifi
cance were the deposition of hy
aline-like substance around some 
blood vessels, a decrease in smaller 
vessels, and a general increase in 
the amount of connective tissue 
within the individual processes. 
These changes persisted over the 
observation period. After 12 weeks, 
in some globes there was an ap
parent decrease in the number of 
processes, and a number of ciliary 
processes appeared atrophic and 
fibrinous, but still were covered 
with ciliary epithelium (figs. 9 and 
JO). No permanent changes follow
ing this method of ciliary-body 
freezing were observed in either 
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cornea, sclera, or chamber angle 
(fig. 11). A similar observation 
was made by others (Polack and 
de Roetth, 1964). 

The histologic changes observed 
were in good accord with those 
found by Polack and de Roetth 
( 1964) who reported edema and 
hemorrhages followed by hyaliniza
tion and hyperplasia of pigment 
epithelium and an increase in con
nective tissue. They also observed 
more severe anterior chamber re
actions and alterations in the vit
reous which were largely absent 
in our study. The fact that these 
authors used a freezing tip with a 
temperature of - 79°C, probably 
accounts for the greater severity 
of changes, although the decrease 
in PO reported was less than that 
observed in our study. The same 
authors showed also that regenera
tion of the ciliary epithelium takes 
place most actively from 24 to 48 
hours after freezing. They used 
radioautographs of the ciliary body 
labeled with tritiated thymidine to 
show the active regeneration of the 

ciliary epithelium at this stage of 
the reparative process. 

Measurement of lntraocular 

Temperatures During 

Cryo-a pp I ication 

Some measurement of freezing 
temperatures at the various tissues 
of the globe was felt desirable to 
select the temperatures best suited 
for the desired result and, at the 
same time, to leave unaffected other 
structures of the eye, notably the 
chamber angle, lens, and vitreous. 
For these measurements HT Ultra
Miniature Thermocouple probes of 
copper constantan with stainless 
steel sheathing material for a total 
diameter of .008 inch are well 
suited. These probes feature fast, 
accurate temperature response, 
with minimal disturbance of the 
environment. The read-out device 
for these experiments consisted of 
a Keithley Milli-microvolt meter 
and a Photovolt Varicord recorder. 

When the Kelman Cryostylet was 
operated in the manner recom
mended by the manufacturer for 
cryogenic cataract extractions, the 
temperature of the applicator tip 
was measured at - l2°C. All meas
urements were taken on anesthe
tized rabbits with the eye in its 
normal position so as to not alter 
the physiological conditions of 
blood flow. The surface tempera
ture of the sclera in the palpebral 
fissure area with the fissure held 
open was +32.9°C. The miniature 
thermo-couple probes were placed 
in various parts of the globe (fig. 
12) , and temperature measure
ments taken before, during, and 
after removal of the cold probe 
until tissues returned to normal 
temperatures. As expected, the 
temperature drop was fastest and 
most pronounced in the superficial 
scleral lamellae, dropping to - 9 .2 ° 
C in this experiment. In the deep 
sclera the temperature was -6.6° 
C. With the tip temperature at 
-12 °C, no other freezing tempera
tures could be measured anywhere 
else in the globe. The temperature 
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Fig. 12-Position of micro-thermocouples for intraocular temperature measure
ment during cyclocryocautery. 

40° 

30° 

20° 

10° 

0 

-10° 

0 

-20 

I\ 

" I\ 

" 1\ 
1: 
1\ 

CRYO APPLICATOR 
REMOVED 

j 
" 1: ,i, 

~:.::.::::f" - SUPERFICIAL SCLERA 

DEEP SCLERA 

CILIARY BODY AND 

ADJACENT VITREOUS 

CHAMBER ANGLE 

2 

MINUTES 

3 4 

Fig. 13-Intraocular temperatures at various levels with applicator tip at tem
perature of -12°C. 

in the ciliary body dropped more 
slowly to + 7.9 °C, and the same 
reading was taken in the peripheral 
vitreous adjacent to the ciliary body 
where a temperature of 38 ° was 
measured just before cryo-applica
tions. The temperature recorded in 
the chamber angle was +5.3 °, 
whereas midway between the iris 
and pupillary margin a temperature 
of + 13 .2 ° was recorded in the 
anterior chamber during cryo-ap
plications. It was obvious that the 
temperature of the applicator tip 
was insufficient to bring about 
freez ing of the ciliary body. Fol
lowing removal of the probe all 
temperatures returned to pre-appli
cation levels within 2\12 min , the 
sharpest rise occurring during the 
first 15 to 20 sec, after which a 
more gradual rise to normal tem
peratures took place. Figure 13 
illustrates the temperature response 
of miniature thermo-couple probes 
at four different positions to cryo
applications over the ciliary body 
area with a tip temperature of 
- l2 °C. 

The experiment was repeated 
with the temperature of the appli
cator tip at - 40 °C, a temperature 
found sufficient in previous animal 
experiments for the desired result, 
yet causing a minimum of undesir
able side effects. During this ex
periment the temperature in the 
superficial and deep sclera dropped 
to - 37 ° and - 32°C, respectively, 
while in the ciliary body and ad
jacent vitreous, temperatures of 
- 25 ° to - l9 °C were recorded. 
An even slight movement of the 
thermo-couple tip in this area dur
ing the experiment caused a change 
in temperature of several degrees. 
This was thought to be due to the 
varied character of the ciliary body 
structure containing connective and 
muscle tissues and a rich vascular 
network. In the anterior chamber 
angle sub-zero temperatures were 
recorded; however, midway be
tween the pupillary margin and 
chamber angle the temperature did 
not fall below + 5°C. Following re
moval of the freezing tip, all tem-
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Fig. 14-lntraocular temperatures at various levels with applicator tip tempera
ture of -40°C. 

peratures rose rapidly during the 
first 30 sec. In this experiment it 
took 6 min for the temperatures 
to reach starting levels. Figure 14 
illustrates the temperature-time re
lationship during cryo-application 
with an applicator temperature of 
-40°C. 

Influence of Angio-cryocautery 

of Long Posterior Ciliary Arteries 

on I ntraocular Pressure 

As early as 1890, Wagenmann, 
in a treatise on the influence of 
retinal and choroidal circulation 
upon the nutrition of the eye, stud
ied and described the effect of sev
ering the long posterior ciliary 
arteries in rabbits. Since a reliable 
tonometer was not available at this 
time, his findings went largely un
noticed. In 1944, Guerry reported 
his findings on angiodiathermy of 
these vessels in a detailed study. 
He concluded that electrocoagula
tion of one long posterior ciliary 
artery reduced the intraocular pres
sure in both rabbits and humans 
for about two weeks and was rela
tively harmless. Coagulation of 
both long posterior ciliary arteries 
in the rabbits resulted in phthisis 
bulbi in 50 % of the animals. 
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We have conducted a limited 
number of preliminary experiments 
to study the effect of cryocautery 
of one or both long posterior ciliary 
arteries on the tonographic tracings 
of rabbit eyes. A conjunctiva! in
cision was made about 5 mm from 
the limbus from the horizontal 
meridian, followed by incision of 
Tenon's capsule and identification 
of the artery after retraction of the 
rectus muscle with a strabismus 
hook. Cryo-coagulation for periods 
of 3 to 5 min was then carried 
out just anterior to the entrance of 
the vessel into the sclera, using a 
tip temperature of -40°C. Im
mediately following the withdrawal 
of the tip the surrounding sclera 
was white, and numerous hemor
rhages appeared. In six eyes one 
artery was so treated. This was 
followed by a mean drop in in
traocular pressure of 6.2 mm Hg. 
The flow values and C values 
showed inconsistent changes. Six 
days following treatment the mean 
decrease in the PO was 2.4 mm; 
after 12 days the pressure in all 
but one eye had returned to pre
operative levels or slightly above. 
The one eye with decrease in pres
sure showed only a 2 mm Hg 
change which was thought to be 

insignificant. Similar results were 
obtained when both arteries were 
treated with the cryocautery. Intra
ocular pressure fell on the average 
of 5.8 mm Hg in six eyes. Flow 
rates increased slightly and C 
values were increased also. After 
six days the intraocular pressure 
change was still an average of 5.5 
mm Hg lower, but at the end of 
two weeks the intraocular pressure 
of all eyes had returned to pre
treatment levels. During this period 
slit lamp examinations revealed 
none of the corneal and anterior 
chamber reactions reported by 
Guerry ( 1944) for diathermy co
agulation of these vessels. After 
two weeks the conjunctiva! and 
Tenon incisions were reopened, and 
the arteries inspected. There was 
no visible change in the vessel 
wall, and when it was severed, all 
vessels bled freely. It was felt that 
interruption of blood in large ves
sels by cryocautery was not prac
tical or feasible. However, one im
portant lesson can be learned from 
these experiments. The inadvertent 
electro-coagulation of one or both 
of these vessels during retinal de
tachment surgery is a dreaded 
complication, especially in cases 
where retinal breaks are located 
in the horizontal meridian. 

In such cases the use of cryo
cautery to produce adhesive chorio
retinitis as advocated by Deutsch
mann (1933; 1935) and presently 
advocated by Lincoff et al. ( 1964) 
and Kelman and Cooper ( 1963) 
will avoid this complication. 

Clinical Cases 

Since the animal experiments 
have shown cyclocryocautery to be 
a safe procedure and one that is 
effective in reducing intraocular 
pressure in a significant number of 
animals, we felt justified in using 
the procedure on a number of 
selected human cases. The follow
ing routine was followed in human 
cryo-coagulations. All eyes were 
prepared and draped, using the 
standard technique followed at 



MCV. Ophthaine and 2% Xylo
caine were used for surface anes
thesia, akinesia, and retrobulbar in
jection. The applications were made 
with the Kelman reservoir temper
ature at -1 ° to -3 °C, the tip tem
perature at approximately -40°, 
through the conjunctiva 3 to 5 mm 
posterior to the limbus, using a total 
of eight to 12 applications and 
avoiding the meridians of the recti 
muscles. Immediately following the 
procedure the only effects noted 
were conjunctival congestion and 
subconjunctival hemorrhages at the 
application sites. 

The most recent patients were 
treated in the same fashion except 
that the Freon operated Cryosurgi
cal unit manufactured by Frigitron
ics was used. Tip temperatures of 
- 40° to -45°C were used with 
this instrument also. 

A total of eight patients with 
various forms of glaucoma (secon
dary glaucoma due to central 
retinal occlusion, advanced chronic 
open angle glaucoma, secondary 
glaucoma following trauma and 
hyphema) were tested by the 
method described above. In six pa
tients the pressure was normalized 
and remained normotensive in the 
observation period of from 3 to 10 
months. In two cases the intraocu
lar pressure rose again to pre-treat
ment levels after two and four 
weeks, respectively. Retreatment 
was successful in one case; in the 
second case of traumatic glaucoma 
the second procedure succeeded in 
lowering the pressure from pretreat
ment levels of about 45 mm Hg to 
32 mm Hg, but could not be 
lowered any further. 

Discussion 

This study has shown that freez
ing of the ciliary body can reduce 
the intraocular pressure of experi
mental animals. Tonographic evi
dence suggests the mechanism by 
which this is brought about to be 
a reduction of aqueous production. 
Histologic evidence of this study 
and previous reports by other 
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authors on this subject suggest a 
slight, but permanent, alteration in 
the ciliary processes as the cause of 
the reduced aqueous flow. It is not 
clear at present whether the epi
thelial or stromal changes in the 
processes are primarily responsible 
for the decrease in their function. 
Further experiments to elucidate 
this point are planned for the near 
future. Our study on intraocular 
temperature measurement indicated 
that a tip temperature of -40°C 
is sufficient to bring about the 
desired result. Experiments by other 
investigators with much lower 
temperatures have shown no en
hanced effect and that their use 
might conceivably lead to extensive 
destruction of neighboring struc
tures, especially the vitreous. 

A pilot study on a limited num
ber of animals suggests that a per
manent reduction of intraocular 
pressure by freezing one or both 
long posterior ciliary arteries can
not be achieved. Histologic evi
dence points to the fact that only 
small vessels and capillaries can be 
permanently occluded by freezing 
through a process of endarteritis 
obliterans. While freezing of the 
long posterior ciliary arteries could 
not be recommended as a glaucoma 
procedure except in such cases 
where only a temporary reduction 
of pressure is desirable or as a 
preliminary procedure before intra
ocular surgery as suggested by 
Guerry (1944), it would seem that 
its use would be indicated in 
retinal detachment surgery, where 
retinal breaks are located in the 
horizontal meridian to obviate per
manent accidental closure of these 
vessels by electro-diathermy. 

The primary indication of cyclo
cryocautery in the human is in 
cases of hemorrhagic glaucoma 
where other intraocular surgery is 
extremely hazardous. The proce
dure, however, is completely free 
of complications and side effects 
and could be tried in such cases as 
congenital glaucoma or chronic 
simple glaucoma where previous 
filtering procedures have failed, or 

where extremely constricted visual 
fields make such operations unde
sirable. Cryocautery has the ad
vantage of not altering the anatomy 
of the ocular structures appreciably 
and, therefore, not making any 
further procedures more difficult. 
Its advantage over cyclodiathermy 
or cycloelectrolysis seems to lie in 
the fact that it is extremely un
likely to result in a phthisis bulbi. 
Deliberate attempts to over-treat 
some rabbit globes have not re
sulted in permanent damage other 
than a somewhat longer lasting an
terior chamber reaction than was 
encountered in the routine treat
ment cases. 

Reports from other cryo-sur
geons (de Roetth, 1965, unpub
lished data) indicate a similar 
experience of absence of complica
tions. Recently, however, Harrison 
( 1965, unpublished data) made the 
statement that cyclocryocautery 
"can be overdone," and lists com
plications such as massive conjunc
tival chemosis, posterior synechiae, 
complicated cataract, and iris atro
phy following treatment. It is my 
opinion that the excessively low 
temperatures of -l06°C, used in 
these experiments for long periods 
of time, are responsible for the un
desirable side effects, and add little 
to the efficacy of the procedure. 
Permanent corneal opacities have 
been reported, but are extremely 
unlikely to occur, as at tempera
tures of -80°C, it requires freezing 
of 60 % of the cornea, according to 
Chi (1965, unpublished data), to 
result in permanent damage. Simi
lar experiments by Kaufman 
(Kaufman, Capella and Robbins, 
1964) have demonstrated the re
markable ability of the cornea to 
repair damage from freezing. 

While my series of patients is 
small, it indicates that the proce
dure was successful in six out of 
eight cases of glaucoma which 
would otherwise have had a very 
poor prognosis. The immediate rise 
in intraocular pressure which was 
observed to a marked degree in the 
rabbit experiments, using a ring 
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CRYOCAUTERY AND AQUEOUS HUMOR DYNAMICS 

TABLE 3 

Preoperative Postoperative 

c. 
Case 1 . 008 
Case 3 0.22 
Case 5 0.13 

- ---

type applicator and to a lesser de
gree when the Cryostylet was used, 
was not observed in the human 
eyes. This phenomenon is probably 
caused by the fact that applications 
over the ciliary body of man were 
carried out 4 to 5 mm behind the 
limbus, thus largely avoiding even 
temporary occlusion of aqueous 
outflow channels and freezing of 
chamber angle structures. In those 
three eyes where comparative tono
graphic studies were possible be
fore and after the procedure, the 
C values increased materially in 
two and remained steady in the 
third. In all three eyes flow rates 
were materially reduced also. These 
figures are summarized in table 3. 

Summary 

1. A method of cyclocryocautery, 
using the Kelman Cryostylet, is de
scribed. On rabbit eyes this brings 
about a statistically significant low
ering of intraocular pressure and 
reduction of aqueous flow over an 
observation period of three months. 
The effects upon the facility of out
flow are variable. Side effects are 
minimal. 
2. The intraocular temperature was 
measured at various points during 
and after cryocautery. An appli
cator temperature of about -40° 
C was found sufficient for the de
sired result with minimal side ef
fects. 
3. Angiocryocautery of one or both 
long posterior ciliary vessels re
sulted only in a temporary reduc
tion of intraocular pressure, as 
permanent obliteration of these ves
sels was not possible by this 
method. 
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F. c. F. 
2.64 0.21 1.05 

12.32 0. 33 5.94 
3.64 0.12 0.60 

4. In a small series of eight pa
tients with primary and secondary 
glaucomas, the procedure described 
was effective in six cases. Possible 
indications in other forms of glau
coma are discussed. 
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Medical Manpower: The Medical 
Auxiliary 
Discussion based on The Assistant Medical Officer. The Training of the 
Medical Auxiliary in Developing Countries by E. F. Rosinski and F. J. 
Spencer. University of North Carolina Press, 1965. 

Before the activation of Medicare 
in July 1966, there were dire pre
dictions of overwhelming demands 
on hospitals and hospital staffs 
throughout the country. At this 
writing (July's end), the antici
pated upsurge in hospital admis
sions has not materialized, although 
there has been a significant increase 
in the number of elderly patients 
seeking hospital care. It is not un
likely, however, that ultimately the 
addition of 20 million "senior citi
zens" to the hospitalization-covered 
population is bound to aggravate 
the present serious shortage of phy
sicians and nurses, even to make it 
a critical shortage. 

Concern in this regard is not 
new, but the problem has received 
little attention by either profession
als or non-professionals until re
cently. Rutstein (1960) examined 
"The Crisis in American Medi
cine" and suggested that it might 
be necessary to train various para
medical people to provide services 
once considered in the province of 
the family doctor. More recently, 
Jones (1966) pointed out the grow
ing need for nurse-midwives in 
view of mounting physician short
ages and increased demands on ob
stetricians. 

Edwin F. Rosinski, director of 
research in medical education, and 
Fredrick J. Spencer, chairman of 
the department of preventive medi
cine, at the Medical College of 
Virginia, have produced the first 
definitive study of the so-called 
medical assistant; The Assistant 
Medical Officer is a thoughtful, 
provocative study of certain aspects 
of this question. 

The "assistant medical officer" is 
almost unknown in this country and 
only little better known in most of 
the Western countries. Nevertheless, 
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he is the basic medical practitioner 
in many countries in the world to
day, and, indeed, the sole practi
tioner in some. 

Drs. Rosinski and Spencer pre
sent much factual data based on 
their personal observations of five 
medical schools in as many devel
oping countries in Africa and the 
South Pacific area, where they lived 
and worked with preceptors and 
students. This close association is 
reflected in the detailed description 
of the background of study, "pre
medical" education and "medical 
curriculums" in each area visited , 
and a great deal of space is devoted 
to the details of recruitment and of 
the actual training program. Al
though the education and training 
of the assistant medical officer is of 
considerable interest and impor
tance, one wonders if too much de
tail has been included in presenting 
so fine an analysis of each course 
of study in each institution served. 
This detailed descriptive reporting, 
probably valuable to a student com
paring the several curriculums, or 
to a faculty bent on establishing a 
new school, tends to be repetitous 
and somewhat confusing. A more 
general presentation of the compos
ite curriculums "pre-medical" and 
"medical," with a comparative anal
ysis of strengths and weaknesses, 
would have been more effective. 
However, the authors certainly 
succeed in meeting their stated ob
jectives, "to survey, collect and 
summarize data on the training of 
these personnel" and "to provide 
guidelines through which similar 
training programs can be initiated, 
accelerated and improved." 

In Chapter 7, "The Assistant 
Medical Officer as Practitioner," 
the authors succeed most admirably 
in their effort "to obtain informa-

tion on the way graduates of these 
programs functioned in clinical set
tings." This chapter, the most sig
nificant and valuable section of the 
book, relates most immediately to 
our own manpower problems in 
stating what the medical auxiliary 
actually does in his practice-how, 
where, and with what supervision. 
Generally speaking, "the assistant 
medical officer practices the same 
type of medicine as a general prac
titioner in other countries," limited 
by the physical facilities available 
to him, and by the rules and statutes 
of his government. For the most 
part, the authors are favorably im
pressed and acknowledge that " ... 
within his capabilities [the assistant 
medical officer] practices good gen
eral medicine" and that " ... it is 
not improbable that the assistant 
medical officer,* in time, will be
come the professional equivalent of 
the "degree physician" in many of 
the developing countries, at least in 
the eyes of the government." Al
though it is not explicitly stated, 
the authors seem to suggest that the 
assistant medical officer would be a 

* The assistant medical officer prob
ably derives from the feldcher of Rus
sian medicine, who has been described 
as the /eib-medic-half-fledged, half
educated medical assistant-originally 
deputized by the government to take 
care of the vast hordes of farmers, 
who comprised most of the popula
tion of pre-war Russia (Maystrakh, 
1956). In the early 19th Century, 
schools for feldchers were developed, 
and today in the Soviet Union there 
are approximately 560 "middle medi
cal schools" with a total enrollment 
of approximately 220,000 where "mid
dle level" or "pre-medical" personnel 
are being trained as midwives, feld
chers, and technicians. 
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valuable asset to the medical per
sonnel of any area. And while 
Chapters 2 and 6 focus primarily 
on how the assistant medical officer 
is selected for training and how he 
is actually trained, Chapter 7 de
scribes his achievements in his prac
tice and presents an excellent anal
ysis of public health in each of the 
developing countries visited. Al
though the training institutions are 
called "medical schools," the au
thors emphasize that they are not 
accredited graduate medical 
schools, and do not give the M.D. 
or M.B. degrees, and that their 
graduates are not certified to prac
tice outside their own country or 
territory. 

The amount of information and 
material packed in this short vol
ume is the more impressive since 
the authors spent only a matter of 
several weeks in the areas they 
visited. The point is well made that 
all these schools are located in 
"emerging countries," where the 
entire educational system is under
going development. And in spite of 
too much background information 
concerning the system of pre-pro
fessional education which seems to 
be in direct contrast to our own 
systems of pre-medical education, 
it is to the authors' credit that they 
have presented and evaluated the 
assistant doctor in his own culture 
and have not attempted to judge 
him in terms of American stand
ards. The authors admit that their 
report was the more difficult be
cause "it was apparent" that more 
data had been collected than their 
most liberal expectations had pre
dicted, and one of the book's prime 
weaknesses is this inclusion of far 
too much detail in areas where more 
general observations would have 
sufficed to make their point. 

The problem of supplying per
sonnel to fill the health needs of our 
own country is brought into focus 
by this book. There is no question 
that some source of additional 
medical and para-medical personnel 
must be found, in our own country, 
to augment and supplement the 
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physician population. To increase 
the number of doctors seems hardly 
a solution in the foreseeable future, 
in spite of plans to open some 10 
to 15 new medical schools within 
the next decade. What is needed, 
therefore, and soon, is a reason
able, rational, and coordinated pro
gram to train auxiliary medical per
sonnel, at the approximate level of 
the assistant medical officer of Drs. 
Rosinski and Spencer's report. This 
can probably best be accomplished 
through the already existing facili
ties of the 87 American medical 
schools where physical plants and 
faculties are currently training phys
icians, nurses, technologists, etc. 
While I do not here propose any 
arbitrary "pre-medical" require
ments for admission to these "medi
cal auxiliary" schools, high school 
graduates may be generally well 
qualified for admission to this level 
of training. 

None would propose that the 
assistant medical officer be the 
equal of the degree physician in his 
practice, but certainly the assistant 
medical officer is a potential junior 
partner in medical practice. Jones 
(1966) suggests that the nurse-mid
wives be employed to broaden the 
available supply of obstetrical spe
cialists. Nurse-anesthetists are al
ready rendering a significant service 
in anesthesiology in this country. 
There are probably many other 
areas where the graduate nurse can 
be educated and trained further 
to perform many diagnostic and 
therapeutic procedures with proper 
supervision. Certainly the field of 
public health presents a challeng
ing area for this "spread of the 
doctor supply," and the public 
health nurse is already performing 
capably and with distinction in 
many cities and in many disciplines 
in this country. In the Home Care 
Program at the Medical College of 
Virginia, the public health nurse is 
an invaluable member of the medi
cal team, and the addition of more 
public health nurses would enable 
this program, as well as other simi
lar programs, to enlarge case loads 

without the addition of significant 
numbers of physician members to 
the home care personnel. Unfor
tunately, a serious nurse shortage 
parallels the doctor shortage, so 
that realistically there are simply 
not enough nurses to be trained as 
assistant medical officers! 

The current problem which Drs. 
Rosinski and Spencer have sharply 
delineated, is the provision of ade
quate medical care for all the people 
not only in the developing coun
tries, but here in our so-called "well
developed" society. With or without 
Medicare the health needs of 190 
million Americans increase daily 
with woefully disproportionate 
growth in the medical manpower 
needed to meet these needs. What
ever few failings may be attributed 
to the Assistant Medical Officer, 
Drs. Rosinski and Spencer have 
contributed the first book in this 
vital area of medical manpower, 
and they are to be congratulated. 

Harold I. Nemuth, M.D. 
Associate Professor of 

Preventive Medicine 
Medical College of Virginia 
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Clinicopathological Conference:* 
Painful Leg Mass in a 23-Year-Old Male 

GERALD A. GILDERSLEEVE, M.D., assistant professor of radiology, 
Medical College of Virginia 

SAUL KAY, M.D., chairman, division of surgical pathology, 
Medical College of Virginia 

Clinical History 

A 23-year-old Negro male truck 
driver was admitted to the MCV 
Hospitals on 1-4-66 because of 
"swelling" of his right leg and 
"pain" of recent onset. He said he 
had hit his right leg just below the 
knee in early 1962, but had had 
little trouble with the leg until he 
jumped from a moving truck in 
July of that year, when he noted 
pain and the leg became swollen. 
He spent 24 hours in the dispensary 
with the leg immobilized. X-rays 
were said to be negative. The pa
tient stated that approximately a 
year before this admission the leg 
was examined, x-rays were taken, 
and he was told "there was nothing 
to worry about." The leg had 
gradually increased in size, but 
there had been only a slight 
amount of pain and no increased 
heat in the affected area. Just be
fore admission he complained of 
pain and numbness over the 
dorsum of the right foot. 

Past medical history and family 
history were negative. Review of 
systems was noncontributory. 

* Prepared and edited from tran
scripts by R. Page Hudson, M.D., 
department of pathology, John H. 
Moon, M.D., department of medi
cine, and Carole R. Nasr. Address re
quests for reprints to Dr. Hudson. 

Physical examination: Blood pres
sure 120/ 60, pulse 76/ min, respira
tion 20 breaths/ min, temperature 
98.6°. The patient was a well-devel
oped, well-nourished, young man in 
no acute distress. The pertinent 
findings were limited to the right 
leg where a large, firm, immovable 
mass was noted that extended from 
just below the knee to about mid
calf on the lateral aspect of the leg. 
The skin overlying the mass was 
warm and tense. There was a foot 
drop on the right, inability to dorsi
flex the great toe, weakness of dorsi
flexion of the remaining toes, and 
decreased sensation over the - dor
sum of the right foot. 

Laboratory data: The urine was 
yellow, clear, and acid with a spe
cific gravity of 1.021. Protein, sugar, 
and acetone were negative. Micro
scopic examination of the urine 
sediment was negative. Hemoglobin 
12.6 g/ 100 ml; white cell count 
6,400/mms (60 % neutrophils, 34% 
lymphocytes, 4% monocytes, and 
2 % eosinophils) . 

Anteroposterior and lateral x-rays 
of the right leg showed a large 
tumor involving the upper shaft of 
the fibula, and marked linear soft 
tissue calcification within the tumor 
which appeared to form septa. A 
chest film was negative. 

The patient underwent surgery on 
1-6-66. 
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Clinical Discussion 

Dr. Gerald A. Gildersleeve: The 
historical and physical findings in 
this 23-year-old Negro man are 
limited to the right leg and foot. 
His complaints date to two episodes 
of trauma in 1962, with apparently 
normal radiographs of the area in 
question in July of that year. Grad
ual swelling of the area, pain, and 
now deep peroneal nerve deficit 
have occurred. 

Radiographs of the chest and ab
domen are normal. Radiographs of 
the right leg are abnormal and show 
(fig. 1 ) an enormous, expansile, 
destructive lesion involving the 
proximal shaft and metaphyseal end 

CLINICOPATHOLOGICAL CONFERENCE 

of the fibula. The lesion is encased 
in periosteal new bone which is 
markedly folded, wrinkled, and ab
sent in some areas, indicating varied 
degree of tumor aggressiveness in 
areas of the growth margins. The 
fairly abrupt distal junction of tu
mor with intact shaft shows a re
markable absence of sclerosis in the 
lateral view. Fascia! planes are pre
served close to the tumor indicating 
a lack of adjacent soft tissue re
sponse. The integrity of the knee 
joint is preserved. No calcification 
or ossification is appreciable within 
the matrix of the tumor, a rather 
important feature. 

Before entering into specific diag
nostic considerations, I shall make 

Fig. 1-Lateral and anteroposterior radiographs of the right lower leg revealed 
an enormous, expansile, destructive lesion involving the proximal shaft and 
metaphyseal end of the proximal fibula . The lesion is encased in periosteal new 
bone which is markedly folded, wrinkled and irregular, indicating varied degrees 
of tumor aggressiveness in areas of the growth margins. No calcification or 
ossification is seen within the matrix of the tumor. 
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a few general comments concerning 
solitary tumor in bone. 

The radiographic diagnosis of 
solitary bone tumors is based on a 
combination of findings which de
pend on tumor type and which may 
vary with response of the spongy 
bone, cortical bone, periosteum, and 
adjacent soft tissue. Some tumors 
produce a sufficiently consistent pic
ture to allow accurate specific diag
nosis on the basis of x-ray studies 
alone. Others produce varied ap
pearances. In these the size, shape, 
and location of the lesion, the pres
ence or absence of tumor matrix 
calcification and ossification, and 
the host response will limit the num
ber of possibilities. Jn general, when 
these findings are correlated with 
the historical and physical findings, 
an accurate diagnosis should be 
made in at least 80% of the cases. 

Metastatic lesions are more com
mon than primary lesions of bone 
and, therefore, must receive con
sideration. Approximately 75% of 
metastatic lesions involve more than 
one area in the skeleton. They are 
primarily positioned in the medul
lary portion of marrow-containing 
bone (axial skeleton and proximal 
femur and humerus of adults), and 
are characterized by relative spar
ing of overlying cortex, lack of any 
degree of periosteal response, and 
absence of adjacent soft tissue mass. 
They tend to be small, about 1 to 
3 cm in diameter. Though metas
tases from kidney and thyroid are 
notable exceptions, the extensive 
cortical destruction, large size, 
marked periosteal response, solitary 
character, and distal position of the 
lesion in question combined with 
lack of evidence of a distant pri
mary site are all against metastatic 
lesions. A primary bone tumor is 
therefore more likely in this case. 

Table 1 lists those primary bone 
lesions which either have no matrix 
calcification or ossification, or 
which may have no radiographi
cally appreciable matrix calcifica
tion or ossification, and, therefore, 
resemble the lesion in question. 



PAINFUL LEG MASS IN A 23-YEAR-OLD MALE 

On the basis of location, size, 
and shape of the lesion and the age 
of the patient, adamantinoma, non
ossifying fibromia , chondromyxoid 
fibroma, chondroblastoma, and en
chondroma can be eliminated. 

The well-developed, folded peri
osteal new bone and well-defined 
junction of tumor and normal shaft 
eliminate as possibilities such highly 
aggressive destructive lesions as os
teolytic osteosarcoma, Ewing's sar
coma, and reticulum cell sarcoma. 
The remaining possible primary le
sions to be considered are then 
myeloma, fibrosarcoma, aneurysmal 
bone cyst, and giant cell tumor of 
bone. 

Jn the excellent monograph by 
Dahlin and co-workers (Dahlin , 
Ghormley, and Pugh, 1956) in 
which they reviewed 2,276 cases of 
bone tumors, none of 140 mye
lomas presenting as solitary lesions 
occurred in the fibula. Only two 
occurred in the third decade of 
life ; most were in the fifth to 
seventh decades. 

Fibrosarcoma, a tumor of young 
to middle-aged adults, with a 2: 1 
ratio of male to female incidence, 
frequently involves the end of a 
long bone. Its usual aggressiveness 
does not allow the highly devel
oped periosteal response encount-

TABLE 1 
Matrix Characteristics of Some 
Primary Bone Tumors 

No matrix calcification or ossifica
tion: 
Ewings 
Reticulum cell 
Giant cell 
Myeloma 

May have no matrix calcification 
or ossification: 
Osteolytic osteosarcoma 
Enchondroma 
Chondroblastoma 
Chondromyxoid fibroma 
Non-ossifying fibroma 
Fibrosarcoma 
Aneurysmal bone cyst 
Adamantinoma 

ered here; however, such an appear
ance may occur if this tumor grows 
slowly. It is relatively uncommon, 
encountered only one-third as often 
as giant cell tumor. 

Aneurysmal bone cyst is only 
one-half as common as giant cell 
tumor. Sixty-six percent occur un
der age 20. The periosteal calcific 
shell tends to be very thin , and uni
formly ballooned over the lesion. 
This lesion tends to show tumor 
matrix calcifications or ossification, 
which our lesion does not do. 

The single remaining lesion to be 
considered is giant cell tumor of 
bone. Ninety percent of these tu
mors occur from age 20 on, and 
most between ages 20 and 35. It is 
classically an expansile, destructive 
tumor originating in the metaphy
seal end of a long bone after epi
physeal closure, which respects the 
barrier of joint cartilage, and which 
elicits no sclerotic response of the 

adjacent spongy bone. The perios
teal response is varied, depending 
on the rate of growth of the tumor. 
When various portions of the tumor 
grow at different rates, the perios
teal new bone assumes a folded or 
wrinkled appearance giving a "soap 
bubble" appearance. No primary 
matrix calcification or ossification 
is seen on radiographs of giant cell 
tumors. No adjacent soft tissue in
flammatory host response is elicited 
by giant cell tumors. 

By correlation of the roentgeno
graphic findings of size, location, 
shape, matrix appearance, and host 
response with the his(ory and phys
ical findings, the most likely diag
nosis is giant cell tumor of bone. 

Ward Diagnosis 

Aneurysmal bone cyst 
or ? Osteogenic sarcoma 
or ? Giant cell tumor 

Fig. 2-Most of the tumor was composed of large, multinucleated giant cells 
against a background of spindly stromal cells (a). Typical giant cells were 
fewer, and mitoses more frequent in the more aggressive areas ( b). 
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Dr. Gildersleeve's Diagnosis 

Giant cell tumor of the fibula 

Pathological Discussion 

Dr. Saul Kay: The surgical speci
men was received in three install
ments. At first we received a mass 
of yellowish and maroon tissue, 
5 x 2.5 X 2 cm. This was sent for 
frozen section. Following a diag
nosis of giant cell tumor, the proxi
mal fibula was resected; this was 
received as a bony shell 18 X 12 X 
7.5 cm covered by a small amount 
of muscle tissue. The bone was 
fractured in several places and was 
filled with similar soft yellowish and 
maroon tissue. Following confirma
tion of the diagnosis of giant cell 
tumor, the right lower extremity 
was amputated 1 7 cm above the 
knee six days later. The tibia showed 
an area of tumor invasion, 1.9 cm 
deep to the tibial plateau in the 
lateral cendyle. This area measured 
2.4 X 1.3 cm, and tumor extended 
to the periosteal surface posteriorly. 

Microscopically, the lesion was 
a typical giant cell tumor, described 
as a Grade II lesion by virtue of the 
presence of many plump spindle 
cells and occasional mitoses (fig. 
2). That it was also clinically ag
gressive was borne out by its in
vasion of an adjacent bone not 
primarily involved and its break
through into the soft tissue from the 
fibula. Amputation was made neces
sary not by the type of tumor, but 
by the local invasiveness and de
struction by this "benign" tumor. 

Giant cell tumors of bone are 
rare lesions in a general hospital. 
We have had 11 examples of this 
tumor in the past 16 years. The 
most common locations were in the 
distal femur, proximal tibia, and 
distal radius. These three locations 
constitute about 60% to 70 % of all 
giant cell tumors. While the tumors 
are most often seen in a long bone, 
they may rarely be found in other 
bones, and even in the jaw bones. 
Though all our cases of giant cell 
tumor have been in males, accord-
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ing to the literature (Dahlin et al., 
1956; Hutter et al., 1962) there is 
a preponderance in the female sex. 

Most of us divide the tumor into 
three grades. About half the cases 
are Grade I lesions and following 
conservative treatment the patients 
have no further difficulty. Grade II 
lesions constitute about one-third of 
the cases and are more aggressive. 
They are apt to recur and may ulti
mately become frankly malignant 
and metastasize. Only about 10% 
of the cases are frankly sarcomatous 
from the beginning and diagnosed 
as Grade III tumors. They must be 
dealt with by radical measures since 
metastasis to the lung is a real 
threat. 

The grading of tumors is readily 
accomplished microscopically in 
most instances. Grade I lesions 
show closely packed giant cells con
taining many nuclei (up to 50!) 
and few stromal cells. In Grade II 
tumors the giant cells are less fre
quent and with fewer nuclei. The 
stromal cells are abundant, plump, 
with occasional mitosis. Grade III 
tumors are obviously sarcomatous 
with only scattered giant cells. The 
tumor cells are spindly, anaplastic 
and with frequent mitotic activity. 

Dr. Fairfield Goodale (chairman, 
department of pathology, MCV) : 
What do you consider is the rela
tionship of this process to the so
called giant cell reparative granu
lomas seen fairly commonly in the 
jaw? 

Dr. Kay: Some authors (Waldron 

and Shafer, 1966) consider this le
sion similar to the giant cell tumor 
of long bones. In fact, the only 
difference from the clinical stand
point is that the jaw lesions occur 
in a younger age group. This differ
ence may be accounted for by the 
fact that jaw conditions are apt to 
be clinically evident at an earlier 
stage than the long bone lesions 
which are generally hidden from 
view. The latter, therefore, are diag
nosed relatively late in their course. 

Pathological Diagnosis 

Giant cell tumor (Grade II) of 
right fibula, with extension to tibia. 

Addendum: Ten months after 
the operation, there is no evidence 
of recurrence of the tumor. The pa
tient is making good progress in 
accommodating to his prosthetic 
leg. 
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when stress results in 
muscle strain and pain 

When the normally sedentary person suddenly turns 
active-cleaning the attic, for instance-the outcome 
is sometimes a strain or sprain in the back, neck or 
shoulders. 

Fortunately, however, most patients with muscle 
spasm and pain are highly responsive to therapy 
with Robaxisal. This rationally based formula pro
vides the well-known relaxant benefits of metho
carbamol for strained, tense skeletal muscle plus the 
dependable analgesic and anti-inflammatory effects 
of aspirin. Investigators have found methocarbamol 
a well- tolerated agent with "specificity of action." 1 

And methocarbamol potentiates the salicylate levels 
of aspirin so that, in combination;· higher salicylate 
levels are produced than with equivalent doses of 
aspirin alone. 2 When the Robaxisal combination* 
was administered to a group of 22 patients with 
painful musculoskeletal disorders, 20 (91 per cent) 
showed an excellent or good response.2 

With Robaxisal you can conveniently fulfill the most 
important objectives in treatment of muscle spasm: 
relaxation of skeletal muscle, relief of pain, restora
tion of mobility and normal muscle tone. And when 
mild anxiety is a factor in the spasm-pain syndrome, 
consider Robaxisal®-PH. 
*In this investigation, 400 mg. methocarbamol was combined with 300 mg. aspirin. 
Referen ces: 1. Weiss, M., and Weiss, S.: J. Am . O steopa th. A. 62:142, 1962. 2. T ruitt, 
E.B., Jr .; Morgan, A.M., and Nachman, H .M.: South. M.J. 54:318, 1961. 

!!~baxisaI®brings relief 
Each pink and whi te laminated tablet contains: fi ti th 
Robaxin (methoca t bamol, Ro bi ns) ....... ... . . 400 mg. or 0 

U.S. Pat. No. 2770649 
Aspir in (5 gr.) . ..... ....................... 325 mg. 

Robaxisal"-PH 
Each green and whi te lamina ted tablet contains: 
Robaxin (methocarbamol, Robins) ............ 400 mg. 
Phenacetin .... . .......... . . .. .... ....... ...• 97 mg. 
Aspirin .. .. . ... ........ .. . . ..... ... ... ..... . 81 mg. 
Phenobarbita l (1 /8 gr.) . .......... ..... ...... 8.1 mg. 

(Warning: May be habit forming) 
Hyoscyamine sulfate . . ..... .. ..... ...... .• 0.016 mg. 

A·H·DIOBINS A.H. ROBINS COM PANY, INC. I'\: RICHMOND, VIRGINIA 23220 

Robaxisal and Robaxisal-PH are indicated when both analgesic and 
skeletal muscle relaxant effects are requi red, as in strains and· sprains, 
pa inful di so rd ers of the bac k, "whiplash" injury, myosi ti s, pain and 
spasm associa ted with arthritis, torticollis, and headache associated 
with mu scula r ten sion. 

Contraindications: Hypersensitivity to any one of the components. 

Side Effects: Lightheadedness, slight drowsiness, dizz iness, and nau sea 
may occur rarely in patients with unusual sensitivity to drugs, but 
usuall y di sappear on reduction of dosage. 



LIBRIUM® 
( chlordiazepoxide HCI) 

WHEN ANXIETY 
IS A SIGNIFICANT 
COMPONENT OF THE 
CLINICAL PROFILE 
Before prescribing, please consult complete product information, a summary of which follows: 
Contraindications: Patients with known hypersensitivity to the drug. 
Warnings: Caution patients about possible combined effects with alcohol and other CNS depressants. 
Warn against hazardous occupations requiring complete mental alertness. Use caution in administer
ing to addiction-prone patients or those who might increase dosage; withdrawal symptoms (including 
convulsions), following discontinuation of the drug and similar to those seen with barbiturates, have 
been reported. Use of any drug in pregnancy, lactation, or in women of child-bearing age requires that 
its potential benefits be weighed against its possible hazards. 
Precautions: In elderly and debilitated and in children over five, limit dosage to smallest effective 
amount, increasing gradually as needed and tolerated. In general, concomitant use with other psycho
tropics is not recommended. Paradoxical reactions have been reported in psychiatric patients and 
hyperactive aggressive children. Variable effects on blood coagulation have been reported very rarely 
in patients receiving the drug and oral anticoagulants; causal relationship has not been established 
clinically. Observe usual precautions in presence of impaired renal or hepatic function, impending 
depression and suicidal tendencies. 
Adverse reactions: Drowsiness, ataxia and confusion may occur, especially in elderly and debilitated. 
These are reversible in most instances by proper dosage adjustment, but are also occasionally ob· 
served at the lower dosage ranges. Syncope occurs rarely. Also encountered are isolated instances of 
ski n eruptions, edema, minor menstrual irregularities, nausea and constipation, extrapyramidal symp
toms, increased and decreased libido-all infrequent and generally controlled with dosage reduction; 
changes in EEG patterns (low-voltage fast activity) may appear during and after treatment; blood 
dyscrasias (including agranulocytosis, jaundice and hepatic dysfunction) may develop occasionally, 
making periodic blood counts and liver-function tests advisable during protracted therapy. Individual 
maintenance dosages should be determined. 
Dosage: Oral-Adults: Mild to moderate anxiety and tension, 5 or 10 mg t.i.d. or q.i.d.; severe states, 
20 or 25 mg t.i.d . or q.i.d. Geriatric patients: 5 mg b.i.d. to q.i.d. 
Supplied: Capsules, 5 mg, 10 mg and 25 mg-bottles of 50. 
Roche Laboratories• Division of Hoffmann - La Roche Inc• Nutley, N.J. 07110 
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