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PREFACE

Critically ill patients frequently require invasive monitoring so
that physicians can acquire the data needed to assist in diagnosis
and to provide optimum therapy. The spectrum of invasive tech-
niques now available ranges from placement of urinary bladder
catheters to intracranial and intracardiac pressure measuring de-
vices. With every avenue used for invasive monitoring, there are
potential hazards and complications that occur not only while the
device is in situ but also during its placement and removal. For
many patients, invasive monitoring is not limited to a single organ
system; indeed, in an intensive care unit, multiple system invasive
monitoring is the rule rather than the exception. As the use of in-
vasive devices increases, the complication rates also increase. Iatro-
genic problems can outweigh the problems of the primary illness
for which the patient was admitted to the ICU. The frequency and
quantity of complications from central venous catheterization be-
came so great that the newsletter of the American Society of Anes-
thesiologists recently included an article by the Central Venous
Catheter Working Group, citing a 10% complication rate associ-
ated with the 3 million central venous catheters inserted annually
in the United States. Many of these complications were related to
technique and carried a substantial mortality rate.

This book describes invasive venous, arterial, intracranial, and
urinary bladder monitoring. The goals are to review and define the
indications for the selection of each monitoring pathway, to de-
scribe the correct techniques of catheter placement and removal,
and to outline the complications associated with the catheter and its
related plumbing occurring throughout the use of the device. This
text covers the practical and didactic aspects of invasive monitoring
techniques and is designed for use by critical care physicians, house
staff, medical students, physician assistants, nurses, paramedical
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personnel, and all others who are involved in the care and manage-
ment of critically ill patients. Hopefully, this text will fulhll the
goals listed and facilitate patient management as well as reduce the
incidence of iatrogenic complications resulting from invasive mon-
itoring among critically ill patients in the ICU.

Arnold Sladen
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CHAPTER

1

EVOLUTION OF MONITORING

Monitoring had its genesis in the late seventeenth century, when
science became independent of philosophy, when precise measure-
ment and exact methodology became as important to the physician
as empiricism had been. In the last three centuries scientific knowl-
edge and understanding of the fragility and complexity of the hu-
man body has increased steadily and unbounded. Consequently,
monitoring techniques have been advanced and refined. However,
what advancements have been made toward better patient-
physician communication? Has the advent of sophisticated moni-
toring equipment and the data derived from it in the intensive care
unit (ICU) produced physicians who look only at waveforms and
numbers, are remote from the bedside, and ignore the patient?

DIAGNOSIS IN THE EARLY
SEVENTEENTH CENTURY

Three centuries ago, the early seventeenth-century physician at-
tended his patient primarily by listening to his narrative and then
prescribing therapy.' Diagnosis was made by allowing the patient to
fully describe his symptoms, when necessary supplemented by in-
terrogative remarks of the physician. This remains the typical
method of obtaining a medical history, even in the twentieth cen-
tury. From the history the seventeenth-century physician would se-
lect specific points as indicators of current or even past illness. The
physician became skilled in studying the patient’s overall physical
appearance and behavior pattern, and it was unusual for any phys-
ical contact to take place between physician and patient.
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We are fortunate to have preserved the case records, correspon-
dence, and prescriptions of John Symcotts, M.D. (1592-1662),
who practiced in Huntington, England.? A typical example illus-
trates history and therapy only:

Mistress Christian Tenum of Cambridge, fifty years of age, could
sleep so little that for fifteen years she had scarcely two and only
rarely three hours sleep each night. For twenty years she had a puls-
ing of the arteries and when she first lay down to rest many images
of things passed before her eyes. Ringing in the ears. She felt as if a
heavy burden of weight was continually pressing down upon the top
of her head. She had a feeling of intense heat at the back of the
head. She was usually delirious once a day. Pain in the left abdo-
men. In colic a concentration of wind. Weakness of the back. Dur-
ing her menses (which had stopped five years earlier) her face had
swollen, and it was followed by several stools. Three years ago she
was striken with paralysis and from this she still has a numbness of
the head. A continuous cough. I prescribed diet drinks, a vomit,
purgatives, and the spring following a diet drink again, and after that
terebinth and other diuretics, upon which she made much bloody
water and voided many stones which she dreamt not of before, and
so was cured.

In a case history of head trauma in a 20-year-old man with
whom interrogation was impossible, the commentary provides a
narrative of the patient’s behavior coupled with Symcotts’s observa-
tion and treatment.

From these cases it appears that physical examination was omit-
ted entirely. The simplest of monitoring techniques is not evident,
with one major exception. Today, one of the most frequently used
monitoring techniques is measurement of urine output, because it
reflects cardiovascular and renal systems and the state of hydration.
Regarding the preceding head trauma case, Symcotts made specific
comments with respect to urine output, noting initial oliguria and
subsequent good urine How. In yet another case presentation both
Symcotts and a surgeon named Roland cared for a desperately ill
patient for 3 days before the woman made a sign to her husband to
inquire about the pain in her abdomen. Only then did the two
learned practitioners examine the groin and discover a bubo. The
patient died.

It was also not unusual for the physician never to see the pa-
tient, but to treat entirely by correspondence.

A letter to Symcotts:
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Sir,

I have a great burning pain about the reins of my back which
strikes up to the very top of my belly, and a wonderful ill scent aris-
ing from my stomach. I do desire your best advice. In my handering
for physic I have taken so much all ready and it has done me no
good, and therefore I would desire you to send me no physic but
some oil or some cooling thing, for I am very sore about my back
that I cannot stand upright. The greatest pain of all is my left kid-
ney.

[Unsigned]

William Cullen (1710-1790) an eminent physician of Edin-
burgh, Scotland, carried out a consultation practice by correspon-
dence and 3000 letters remain to this day.> Cullen rose early in the
morning, read his letters, dictated his replies until about 9 am, and
then visited his patients. Most letters were attended to within a day.
Cullen was one of the first to use a letter-copying device; hence,
copies of his original correspondence are still available. The corre-
spondence system had many drawbacks such as delays in the mail,
letters misdirected or not arriving, and inadequate information
from patients who could not be questioned other than by further
correspondence. Cullens’s fee for a written opinion was one
guinea, a fair sum at that time.

In direct consultation with patients, the seventeenth-century
physician invariably assessed physical appearance with the patient
either clothed or covered with night attire and coverlets. Observa-
tion was limited to the color and expression of the face, the tongue,
and the pattern of breathing; and the character of body fluids,
blood, urine and stool was assessed. Comments on how the patient
sat or lay in bed were recorded also.

Physical contact was limited to palpation of the pulse to assess its
character, not rate (Figure 1-1). Feeling the brow with the hand de-
termined fever. Only rarely was clothing removed to allow physical
contact between physician and patient.

EDUCATION OF THE SEVENTEENTH-CENTURY
PHYSICIAN

Medicine in the seventeenth century was not an exact science
but rather a philosophic study. It required extensive thinking of
fundamental intellectual patterns, occasionally relative to the cur-
rent period but mostly stretching back to Galen and Plato.*
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FIGURE 1-1. Physician checking the pulse of a patient, as painted by Jan
Steen in The Sick One. (Kunsthistorisches Museum, Austria.)

Achievement of philosophic goals was rewarded only after pro-
longed university training. In the seventeenth century the only uni-
versities in England were those at Oxford and Cambridge.” There
medicine could be studied but was neither highly regarded nor vig-
orously undertaken as academic training. Initial graduation with an
arts degree was followed by a textual study of Hippocrates (Figure
1-2), Galen, and Avicenna for a degree in medicine (Figure 1-3).
Neither of the universities had hospitals in which clinical instruc-
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FIGURE 1-2. The Hippocrates of Ostia. This remarkable head was discov-
ered in 1940, in an excavation near Ostia, the ancient Roman seaport. It
was found in the family tomb of a Greco-Roman physician of the first cen-
tury; AD.  (From Fishman AP and Richards DW: Circulation of the blood,
Bethesda, 1982, The American Physiological Society.)

tion could be given, and there were no formal arrangements for
students to obtain clinical experience with local physicians. Stu-
dents did not dissect cadavers, and many of their professors had
never done so. Although they spent from 6 to 11 years studying an-
cient medical writings, they could fulfill all requirements for ana-
tomic study secondhand and in 2 or 3 days (Figure 1-4). For these
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FIGURE 1-3. Manuscript illustration showing Galen flanked by Hip-
pocrates and Avicenna, from an edition of the works of Galen published in
Lyons in 1528. (National Library of Medicine, Bethesda, Md.)

reasons many traveled to the continent of Europe, where training
in medicine was pursued with both more respect and more vigor.
In light of this very formal and textual education, one can under-
stand why physical contact with the patient remained beneath the
dignity, social standing, and intellectual behavior of the physician.
The surgeon was regarded as a nonphilosopher, a nonacademician,
and of lower social standing than the physician. After leaving
school at the age of 14, he was apprenticed for 7 years to a master
surgeon and then was admitted to the freedom of his company. Af-
ter this he could begin his own practice.® By such time he had ac-
quired considerable manual dexterity and skills and was available to
examine the patient and perform operations (Figure 1-5).

The seventeenth-century physician was a man who had consid-
erable social standing, a philosophic university education, extensive
theoretic knowledge of medicine acquired solely from his mentor
and text. He was also a man who had little knowledge of or experi-
ence with patient contact.
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FIGURE 1-4. Rembrandt’s The Anatomy Lesson of Dr. Tulp (1632).
(Mauritshuis, The Hague.)

LEADERS IN MONITORING FROM THE LATE
SEVENTEENTH CENTURY

The latter part of the seventeenth century saw the birth of giants
of inquiring thought (Figure 1-6). They sought to elucidate previ-
ously unanswered questions by using accurate and precise methods
and experimented with physical matter in an effort to satisfy the
new era’s thirst for knowledge. At last science broke from philo-
sophic thought. The darkness of the Middle Ages was lifting; men-
tal enquiry and experimentation, perhaps stimulated by a general
spirit of adventure, ruled the world. Physicians acquired a new in-
dependence of thought, no longer bound by narrow, constricted
ideas. William Harvey had discovered the circulation of the blood
and published his De Motu Cordis (Figure 1-7), and Galileo was em-
barking on a study of exact measurements as a scientific tool (Figure

Text continued on p. 13.



