


Anesthetizing Gorillas: “My Thrilla with a Gorilla”
Morris Brown, MD; Chair of Anesthesiology, Henry Ford Hospital, Detroit, MI

I had the unique opportunity to provide anesthesia for several gorillas at the
Detroit Zoo on multiple occasions as part of an ongoing study of cardiac disease in
species. While not much is know about gorilla health in the wild, it is known that
gorillas housed in zoos, especially older gorillas, have a relatively high incidence of
fibrosing cardiomyopathy. In fact cardiac disease is the leading cause of death in
male captive gorillas.

I will present my experience in providing anesthesia care to both male and female
gorillas while they underwent routine physical examinations and dental care, trans-
esophageal echocardiography, chest radiography, urinalysis, rabies vaccination, tetanus toxoid
administration as well as TB testing. The challenges presented in immobilizing,
anesthetizing, and awakening Western lowland gorillas will be discussed. In addition,
similarities and differences as well as comparison of equipment and techniques used for
human anesthesia will be presented.



Seishu Hanaoka, a Japanese Pioneer in Anesthesiology
Luke M. Kitahata, MD, PhD; Professor Emeritus, Yale University, New Haven, CT

Seishu Hanaoka was born in a town of Hirayama in Wakayama prefecture, Japan in
1760. At age 22 he went to Kyoto to study medicine and surgery and returned home in 1785.
While he practiced medicine and surgery in his father's clinic, he had researched extensively
for two decades on experimental herb medicine and on October 13, 1804, Hanaoka gave
general anesthesia to his own wife to perform mastectomy for her breast cancer. The agents
he used to produce general anesthesia was a combination of eight parts of Datura tatura, two
parts each of Aconitum japonicum, Angelia anomala, Ligusticum cacutilobum, Cuidium
officinale, and one part of Arisaem japonicum.

This event in 1804 took place 44 years before William Morton's demonstration of
ether anesthesia for the removal of a neck tumor at the Ether Dome of Massachusetts General
Hospital. In addition to the mastectomy mentioned above, Seishu Hanaoka had performed
other types of surgery under general anesthesia, such as removal of neck tumors, arm tumors,
leg tumors and limb amputations, etc.

Reference

Akitomo Matsuki: Seishu Hanaoka and Mandragora. Tokyo, Japan, Shinkokoeki Publishing
Company, 2006 [written in the Japanese language]



Transfusion Medicine: 2009
James D. Kindscher, MD; Professor & Chair, University of Kansas, Kansas City, KS

What’s new in transfusion medicine? This discussion will highlight some of the
recent developments in transfusion therapy to update anesthesiologists in their management
of patients.

Transfusion Risks: Infectious
With the advent of nucleic acid amplification testing, viral infectious disease

transmission in blood has been greatly reduced. Based on the latest estimates, the current risk
for viral disease transmission in blood is:

HBV 1 in 200,000-480,000
HCV 1 in 1,900,000

HIV 11in 2,135,000

West Nile Virus None since 2005

Bacterial contamination in platelets remains one of the greatest infectious risks in
blood products. Because platelets are stored for 5-7 days at room temperature in a solution
that supports bacterial growth, the rate of contamination was previously reported as high as 1
in 2,000. Bacterial detection methods were employed by blood banks beginning in 2004.
The current estimates for the risk of bacterial contamination in platelets are 1 in 75,000.

Chagas Disease is caused by Trypanosoma cruzi, a parasite endemic in Latin
America. An estimated 100,000 people in the U.S. are believed to be infected with Chagas
Disease. The chronic carrier form is transmitted in blood with a high rate of infectivity.
Testing began in 2007 for Chagas Disease and transmission rates are now believed to be very
low.

Transfusion Risks: Noninfectious

Acute hemolytic reactions due to incompatible blood transfusion have been one of
the major causes of the 35-40 deaths per year in the U.S. It has been estimated that ABO
incompatible transfusions occur at a rate of 1 in 14,000 to 1 in 38,000. Hospitals now require
two samples of blood from the recipient to verify ABO and Rh type prior to transfusion. In
addition some centers use additional checks, including bar-coded wrist bands, radiofrequency
identification technology and the use of specialized transfusion teams.

Transfusion Related Acute Lung Injury (TRALI) may now represent the greatest risk
in blood transfusions, with estimates of rates 1 in 3,000 to 1 in 5,000. From 2003-2005 it was
believed TRALI resulted in 24 deaths per year in the U.S. A major etiology of TRALI
involves donor antibodies to leukocytes, particularly the HLA Class 1 antigens. These
antibodies are most frequently found in women who have experienced pregnancy (25% of
women who have had three pregnancies have these antibodies). Based on the SHOT studies
in the United Kingdom and others, blood banks are now utilizing male-FFP for most plasma
transfusions. This has reduced the incidence of TRALI by as much as 75%.



Storage Concerns

It is well known that the ATP and 2, 3-DPG levels of stored blood begin to fall within
one week of storage. Red blood cells also lose their flexibility during storage.

A New England Journal of Medicine article (Koch et al 2008; 358:1229-39),
performed at the Cleveland Clinic in cardiac surgery patients, linked increased risks for post-
operative complications as well as lower survival to the age of stored blood that was
transfused. Banked RBC’s that were >14 days old represented a significant risk factor for
prolonged ventilation, renal failure, sepsis and in-hospital mortality. These findings were
countered by a study out of Australia by Yap, et al (Ann Thorac Surg 2008; 86:554-9) that
found no difference in risks for cardiac surgery patients based on age of stored blood.

Because blood supplies are constrained and blood banks are continually pressured to
provide the safest and most available products for patients, the issues of storage lesions create
significant concerns within the blood bank community. At present there is no consensus on
risks based on age of stored blood.

Transfusion

The surgical trauma literature, as well as experiences in combat medicine, has led to
new recommendations for management of the bleeding patient. Increasingly, delayed
resuscitation in the pre-hospital setting is recommended to reduce the amount of blood lost
and to conserve coagulation factors. Once the patient is in the operating room and control of
the bleeding is achieved, resuscitation to normal parameters is undertaken. The surgeons may
also elect to perform “damage-control” surgery, limiting the amount of repair to injuries so
that the patient can be stabilized in the ICU. Once stability is achieved, the patient returns to
the OR for definitive repairs.

The belief that most of the coagulopathy in trauma was due to a dilutional process
has been questioned. Previously it had been recommended that FFP and platelet therapy was
not needed until 1-2 blood volumes had been lost. Many authors in surgical trauma have
begun to recommend early aggressive FFP and platelet therapy, based on the finding in some
studies that the INR on arrival to the hospital was frequently already elevated.

Massive transfusion protocols have also been developed, in which packed red blood
cells, FFP and platelets are given in a 1:1:1 ratio to severely bleeding patients. The
application of recombinant factor VIla to reduce traumatic bleeding is also receiving much
discussion.



How the World’s First Anesthesia Journal Promoted
Replacing “Asphyxial” With Oxygenating Anesthetic Apparatus
George S. Bause, MD, MPH, Honorary Curator, Wood Library-Museum of Anesthesiology
Clinical Associate Professor, Case Western Reserve University, Cleveland, OH

In July of 1891, the Hayes Dental & Surgical Manufacturing Company of Pittsburgh
published the inaugural issue of “the only journal in the world devoted chiefly to the Science
of Anaesthesia”— a quarterly titled The Dental and Surgical Microcosm (D&SM) This
journal aimed “to furnish the most advanced thoughts and developments in this chosen field
of literature and science....”! The D&SM pre-dated Current Researches in Anesthesia and
Analgesia by 32 years and the British Journal of Anaesthesia by 33 years. By decrying use
of 100% nitrous oxide and by promoting aeration and then oxygenation of volatile agents, the
D&SM helped popularize Hayes Anaesthetic Apparatus Nos. 1, 2, and 3, as well as redefine
general anesthesia as having near-atmospheric or higher concentrations of inspired oxygen."”’

This redefinition stranded America’s leading dental supplier, the “SS White Dental
Mfg. Co.” (SSW-DMC), geographically between manufacturers who were oxygen-
supplementing anesthetic apparatus (i.e., between Hayes to the West and Hewitt’s suppliers to
the East). Consequently, a reluctant SSW-DMC felt forced into oxygenating its nitrous oxide
machinery. After receiving the blessing of then unknighted Hewitt and his British colleagues
as “ingeniously made” and “absolutely efficient,” oxygen-supplemented nitrous oxide
apparatus from the SSW-DMC would, over the next 20 years, reach corporate branches in
Germany, Russia, Canada, Great Britain and Brazil. During the same two decades, the
“oxygenated” apparatus was even more widely featured at International Dental Congresses in
Paris, St. Louis, Berlin and London.?
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What You Say and How You Say It: A Simulation-Based Program to Teach Residents
How to Speak-Up Across Authority Gradients
May C. M. Pian-Smith, MD. MS; Dept Anesthesia & Critical Care,
Massachusetts General Hospital, Harvard Medical School, Boston, MA

Introduction: Residents learn medical knowledge and develop clinical judgment within a
system that is hierarchical. Trainees may be compelled to question their teachers if they
disagree, have safety concerns, or when treatment plans are unclear. We have determined
that a simulation-based educational intervention that teaches a diplomatic
“advocacy/inquiry” technique (A/I) improves the frequency and effectiveness with which
residents "speak up" to superiors during simulated OB emergencies. Subsequently we seek
to determine the transferability and longevity of these lessons, by testing if techniques of A/
I are demonstrated by these subjects in a computer-based exercise 2 years later.

Methods: In a simulated OR, anesthesiology trainees were presented with opportunities to
challenge co-workers’ (confederates) scripted directives (e.g., to administer a relatively
contraindicated medication). In debriefing, they were taught strategies from the aviation and
business world, including techniques of advocacy (saying one's observation) and inquiry
(open, curious request for the other's reasoning). Subjects participated in another scenario at
that time with new opportunities to challenge. In this ongoing work, consented subjects are
followed-up 2 years later and are asked to view video vignettes on a website. An
anesthesiologist in the movies asks them to do things that are controversial (eg, place a
spinal in a septic patient; give nalbuphene to a patient on methadone). Their real-time
spontaneous responses are audio-taped. They each view 4 videos and have 2 opportunities
to “speak up” during each case. As with the initial intervention, language is rated by 2
investigators on a 5-pt scale (1: no acknowledgement of problem; 2: oblique answer; 3:
Advocacy or Inquiry; 4: Advocacy and/or Inquiry repeatedly with desire for discussion; 5:
crisp succinct A/l ). A control group (trainees and junior faculty experienced with
simulation but who have not been trained specifically about A/I, from the Feinberg SOM at
Northwestern, Geffen SOM at UCLA and Miller SOM at Miami) is also being studied.

Results: Mean scores for the original resident subjects participating in an immersive
simulation exercise were statistically different, pre- and post-debriefing intervention (2.3 +/-
1.3 vs 3.6 +/- 1.2). Fourteen subjects (of a projected cohort of 40) have completed the
follow-up study so far. In the on-going follow-up study, the mean time interval between
initial training and follow-up is 24 +/- 4.9 months, and the mean language score for
challenging is 3.0 +/- 1.4. Results from the control group are pending.

Discussion: An immersive simulation-based intervention was developed and improved
"speaking up" by residents across authority gradients during simulated OB emergencies.
We are assessing long-term retention and transferability of such simulation lessons with a
computer-based exercise 2 years later by comparing the results with those from naive
controls. Ultimately, overcoming communication barriers within the medical hierarchy may
improve learning opportunities and promote patient safety.

Reference: Pian-Smith M, Simon R, Minehart R, Podraza M, Rudolph J, Walzer T, Raemer
D. Teaching Residents the Two-Challenge Rule: A Simulation-based Approach to Improve
Education and Patient Safety. Simulation in Healthcare. (/n press)

This work was supported by a Foundation for Anesthesia Education and Research (FAER)
Research in Education Grant (REG)



A Brief Journey Through Relaxant History: Are We There Yet ?
Salvatore J. Basta, MD; Assistant Professor, Harvard University
Chief Massachusetts Eye & Ear Infirmary, Boston, MA

Since the introduction of d-tubocurarine (borrowing from its use in treating tetanus
and electroshock — induced seizures ) into anesthesiology practice in 1945 by Griffith and
Johnson in Montreal and succinylcholine in 1949 by Mayrhofer and Foldes, the remarkable
report of Beecher and Todd and its correct and more broad interpretation and explanation by
Dripps, anesthesiologists have been looking for the perfect neuromuscular blocking agent.
This has lead over the past 67 years to an incredible understanding of neuromuscular
transmission, the neuromuscular junction, and the nicotinic receptor in health and disease.
Anesthesiologists have honed their skills studying pharmacokinetics and pharmacodynamics
with these agents, elucidated the intricacies of relaxant-induced side effects and waged a long
battle of measuring the degree of block and its adequate reversal in order to prevent morbidity
in the PACU and ICUs. With our increased understanding of the subtleties of residual
relaxation and progress with measuring small amounts of residual paralysis, it is rare to read
reports or series about problems resulting from relaxant misuse. At last year’s ASA meeting
there was only one PBLD, one Refresher Course, one panel on on monitoring neuromuscular
function, one panel with new drugs or antagonists as part of a larger panel, and a mere 20
abstracts presented.

However, rare does not mean zero, and “not zero” continues to stimulate research
into how better to measure and thus how better to antagonize neuromuscular blockade and
how better to judge the process complete. The search for a rapid onset, rapid offset
nondepolarizing agent devoid of side effects continues and has spawned newer strategies
(perhaps misguided ) to terminate relaxant function. This is why I would say that when our
children ( residents ?) ask “are we there yet” , we respond “not yet but soon”.

This brief abstract will summarize the two parallel synthetic efforts demonstrating the
old sop that structure begets function and if you know a little chemistry, you will know these
drugs. I will conclude by introducing two new strategies to irreversibly terminate residual
paralysis and the latest potential chemical class which also shows promise as relaxants
( which can also be rapidly destroyed in the body ).

Steroidal Relaxants ( Its all in the A and D rings )
Cardiovascular
Respiratory
Potency and onset
The organs have it
Harder to reverse

Benzylisoquinolinium Esters
Histamine release (red is what you get)
Time management(duration)
Choose your degradation
Consistent, good behavior (ease of reversal )

Cyclodextrins and Steroid Capture

Cholofumaric Acid Esters and Cysteine Destruction



Interactions between Pre-synaptic Opioid and
Muscarinic Receptors in Isolated Bovine Airways ?
Kai Rehder, MD, Vail, CO;
Emeritus Professor, Mayo Clinic College of Medicine, Rochester, MN

Introduction. The amount of acetylcholine (ACh) released upon stimulation of
cholinergic nerves is regulated by activities of pre-synaptic receptors, including purinergic, 3-
adrenergic, opioid and muscarinic receptors. The latter are considered to be the most
important ones. They trigger, when activated by ACh, a negative feedback mechanism by
which further release of ACh is reduced. The negative feedback thus allows contractile
responses to be finely controlled. The receptors are referred to as autoreceptors and their
controlling effect on ACh-release as muscarinic autoregulation. Evidence for this mechanism
stems from observations that in many species the selective M,-antagonists gallamine and
methoctramine enhance electric field stimulation (EFS)-induced contractile response
presumably by increasing ACh-release. ACh-release is increased because the reduced activity
of inhibitory pre-synaptic M,-receptors attenuates the negative feedback. By contrast
activation of pre-synaptic p- and k-opioid receptors by opioids attenuates ACh-release and
contractile response to electric stimulation (ES).

In the present study we studied if interactions between pre-synaptic opioid and
muscarinic receptors existed in isolated bovine trachealis muscles. Is the inhibitory effect of
opioids on ACh-release attenuated by reducing the activity of inhibitory pre-synaptic
muscarinic receptors ?

To our knowledge pre-synaptic muscarinic receptors have not been demonstrated in
bovine trachealis muscles. The goals of the study were first to search for presence of pre-
synaptic muscarinic receptors, secondly determine if pre-synaptic muscarinic receptors are of
the M,-subtype and thirdly examine if interactions occur between inhibitory pre-synaptic
muscarinic and opioid receptors in isolated bovine trachealis muscles.

Methods and Procedure . Twenty-nine bovine tracheas were obtained from a local
abattoir. The tracheas were immersed immediately after the death of the animals in aerated
and chilled (4° C) physiologic salt solution (PSS) and transported to the laboratory. Small
muscle strips were prepared and suspended in tissue baths. The strips were contracted
every 5-min for 30-s by electric field stimulation (EFS) or electric stimulation (ES) (32 Hz,
25V, 0.5 ms). EFS and ES were provided by a direct current amplifier triggered by a
stimulator. The strips were stretched by means of micromanipulators after each stimulation
until constant and maximal contractions were observed (optimal length, L,). Isometric forces
were recorded continuously throughout the study.

Presence of pre-synaptic muscarinic receptors. One pair of muscles was used from
19 animals. The muscles were mounted horizontally in 2-ml water-jacketed tissue baths. They
were superfused with aerated (95% O, and 5 % CO,) PSS (37 °C) containing propranolol (10
‘M), indomethacine (10°M), and choline chloride (10°M). One end of the muscles was tied
to a platinum electrode mounted on a force transducer and the other end was tied to a
platinum electrode attached to a micromanipulator. Both muscles were superfused with
aerated PSS at flows of 1-ml/min until 1, had been achieved.

Both muscles were then equilibrated with [*H]-choline by superfusion with aerated
PSS (37°C) at flows of 2-ml/min for 30-min. 15 uCi of [’H]-choline (specific activity 75uCi/
mM) was added to the PSS. During equilibration both muscles were stimulated continuously
by ES (25 HZ, 25V, 0.5ms) to enhance neuronal uptake of [*H]-choline. Following
completion of equilibration, both muscles were washed for 90-min with aerated PSS
containing in addition to the other compounds hemicholinum-3 (10°M) to inhibit neuronal re-
uptake of [*H]-choline.




The flows of superfusates were reduced to 1-ml/min and collections of superfusates
were started. This time is referred to as time zero (ty). Superfusates were collected separately
from both muscles for 3-min periods in scintillation vials containing 14-ml Opti-fluor ®.
Collections were continued until the end of the study. It was interrupted only for 10-min
periods for incubation with test compounds.

Superfusates were assayed for radioactivity by liquid scintillation counting. Counts
were corrected for background counts. Counts per minutes (CPM) were converted to
disintegrations per minute (DPM) as follows:

(1) DPM = CPM / counting efficiency

DPM were plotted as a function of time. ES-induced release of [’H]-ACh was
calculated by integrating the area bound by spontaneous [*H]-release and [*H]-release
occurring in response to ES. It is expressed as disintegrations.

One of two muscles from each animal served as control and the other as test muscle.
Eighteen minutes after the beginning of the study both muscles were stimulated the first time
by ES (4 Hz, 25V, 05.ms). At t; test but not control muscles were incubated with atropine
(10"M) and at ts; a second ES of test and control muscles followed. ACh-releases determined
for the two stimulations are referred to as A;and A,, and contractile responses as F;and F,,
respectively. The ratios of A»/A, and F,/F,were calculated and compared statistically. The
data for contractile responses and ACh-releases were expressed as mean + SD.

Determine if pre-synaptic muscarinic receptors are of M>-subtype. From 10 animals,
8 strips each were prepared. One muscle from each animal served as control while the other
seven were used as test muscles. The strips were mounted vertically in eight 25-ml water-
jacketed tissue baths containing aerated PSS (37°C), containing propranolol (10°M) and
indomethacine (10°M). One end of the muscles was tied to stationary hooks and the other
end to a force transducer mounted on a micromanipulator. The muscles were stimulated by
EFS through two vertically mounted parallel platinum electrodes (1 x 4 cm). Seven strips
from 5 animals each were incubated with either the M,-specific antagonists gallamine or
methoctramine (log increments from 10° to 10°M). Thirty minutes after addition of each
aliquot, contractile responses to EFS (32Hz, 8Hz, 2Hz, and 0.5 Hz) applied in random order
were determined.

Interactions between muscarinic and opioid receptors. Interactions between pre-
synaptic opioid and muscarinic receptors were studied in 14 pairs of trachealis muscles. After
incubation with atropine (107M), ES-induced ACh-releases were determined. Thereafter, test
but not control muscles were incubated with either 10°M DAMGO (n=7) or 10°M U-50488
H (n=7). ACh-releases were determined again after a third ES.

Results and Discussion. Presence of pre-synaptic muscarinic receptors. Atropine
(10"M) reduced significantly (p< 0.001) ES-induced contractile responses, presumably by
antagonism of post-synaptic muscarinic receptors. Atropine also resulted in a significantly
(p<0.04) larger ES-induced ACh-release than in control muscles. The increased ACh-release
is presumably the result of reduced activity of inhibitory pre-synaptic muscarinic receptors.

Determination if pre-synaptic muscarinic receptors are of the M, subtype. At low
concentrations both gallamine and methoctramine are M,-specific antagonists. They attenuate
activity of inhibitory pre-synaptic receptors and thereby the negative feedback by muscarinic
autoregulation. Consequently stimulus-induced ACh-release and contractile response will
increase if muscarinic receptors of the M,-subtype are present. In the present study neither
gallamine nor methoctramine increased contractile response to EFS at any of the 4
stimulating frequencies or at any of the 5 concentrations of gallamine or methoctramine.
Failure to increase EFS-induced contractile responses at any concentration and frequency




suggests that no inhibitory pre-synaptic muscarinic receptors of the M,-subtype were present
in the isolated bovine trachealis. The significant (p<0.05) reductions in EFS-induced
contractile responses at 10° M of gallamine and methoctramine were due to antagonism of
post-synaptic muscarinic receptors; because both gallamine and methoctramine loose their
M,-specificity at high concentrations.

Interactions between pre-synaptic muscarinic and opioid receptors. The mean A,/A,
was significantly (p=0.0003) larger in control muscles than in muscles treated with DAMGO
(10°M), demonstrating inhibition of ACh-release by DAMGO. After treatment with the p-
opioid antagonist naloxone, the mean A;/A, was significantly (p=0.007) larger than the mean
Ay/A,, suggesting that the inhibitory effects of DAMGO were due to stimulation of p-opioid
receptors. Importantly DAMGO also inhibited significantly (p=0.02) ES-induced ACh-
release when muscles were pre-incubated with atropine. Thus attenuating the negative
feedback did not abolish the inhibitory effect of DAMGO on ES-induced ACh-release. These
findings suggest that with DAMGO alone the negative feedback was intact, i. . DAMGO
did not affect the inhibitory pre-synaptic muscarinic receptors. Thus there appeared to be no
interactions between pre-synaptic muscarinic and p-opioid receptors.

Similar results were obtained with U-50488 H (10°M). The mean A,/A, was significantly
(p=0.0002) larger in control muscles than in muscles treated with U-50488 H , demonstrating
an inhibitory effect of U-50488 H on ACh-release. Treatment with the highly specific k-
opioid antagonist nor-BNI resulted in a mean A;/A; which was significantly (p=0.02) larger
than the mean A»/A,, suggesting that the inhibitory effect of U-50488 H was due to
stimulation of k-opioid receptors. U-50488 H also significantly (p=0.03) inhibited ES-
induced ACh-release when muscles were pre-incubated with atropine (10-’M). Thus
attenuating the negative feedback did not abolish the inhibitory effect of U-50488 H on ES-
induced ACh-release. Thus there appear to be no interactions between pre-synaptic
muscarinic and k- opioid receptors.

However, the conclusions must be taken with some caution, because ideally one
would have complete frequency and concentration response curve.

Clinical Implications. There was no evidence for interactions between muscarinic
and opioid receptors. In human airways, inhibitory pre-synaptic muscarinic receptors of the
M,-subtype are present. Hence in humans the effect of opioids on ACh-release will depend on
M,-activity. This may be of clinical interest to anesthesiologists. Certain muscle relaxants
including gallamine and pancuronium are specific M,-antagonists. They attenuate muscarinic
autoregulation and may reduce the inhibitory effects of opioids on ACh-release and thereby
on airway contraction.




The Making of a Film on Pain (Anesthesiology)
Theodore H. Stanley, MD; Professor, University of Utah, Salt Lake City, UT

Pain...an inextricable part of life. On one hand it protects our bodies from damage
and on the other it can morph into immense suffering robbing us our identity and humanity.
It is an aspect of life that can literally soften our will to live into cherishing the prospect of
death.

An estimated $100 billion per year is spent in the area of pain and among the leading
health problems visible today such as breast cancer and heart disease, pain’s presence tops
them all - its physical hold and far-reaching breadth of financial and familial stress, is
devastating !

Currently, almost 1/3 our population suffers chronic pain. We can all relate to the
wrenching nature of cancer and the unbelievable pain it can cause at a time in life when
everything is at stake, we can connect immediately to a loved one reeling from the
devastating after effects of a traumatic accident, or the gradual debilitating pain of aging and
disease. Our film carries the viewer on a visual journey through the lives of 3 people and
their involvement with pain, weaving a human story of compassion, despair, comedy, hope
and inspiration starting first with how they arrived at pain, what they have done to receive
relief, how their exposure to the healthcare process and the various people involved in
delivering pain relief care occurred, and finally how they got better.

Our film takes us through pain’s manifestation in the body, why it can linger long
after an injury has healed. We then take a ride to the top of the mountain of inspiration as we
view how the body and mind work together to turn off its excruciating sensation. We are
captivated by the effervescent view of hope — learning for ourselves pain relief’s effect on the
body, how it travels the internal workings of our mind delivering its succor — made possible
through the assistance of myriad drugs, methods and techniques.

Not all is perfect in the land of medicine and even though we have amazing drugs,
and methods for treating pain, the system isn’t always right-on. To this end we examine the
social and cultural obstacles involved in receiving good pain relieving care, some of the
political and financial barriers associated with the medical establishment and a reflection into
the education of pain on the part of the medical practitioner. Currently, pain is not taught in
medical school it is a practice gleaned from many years of specialty in various areas of
medicine such as anesthesiology, internal medicine, and psychology.

We round the film’s close leading up to the horizon of products, technology and
research of the future. There is much peace and hope with which to surround ourselves.
Ultimately we arrive at an education and understanding of pain and pain relief armed with a
proactive stance to take charge of our own care should we find ourselves in the vulnerable
arena of pain.

Our message: We needn’t succumb to suffering !
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Just Enough Physiology:
Keeping the Science of Life Alive: Making Physiology Phun Again
James R. Munis, MD, PhD; Assistant Professor
Mayo Clinic College of Medicine, Rochester, MN

The world has gone molecular. As it should. The cutting edge of research and
therapeutics has long since passed down through the levels of integration; moving from the
whole body to organ systems to tissues, and finally to cells and molecules. Even, perhaps,
penetrating into the nanosphere. Answers to important questions are being found among the
chemical constituents of life. Molecular levers are being pulled that, with exquisite finesse,
fight disease at its tiniest and most vulnerable level.

And then there’s us. Anesthesiologists. Are we an anachronism? We do our work at
the level of organ systems. We’re practical. We’re attentive. That’s our job. But we do that job
by attending to people where our hands and our instruments and our monitors can best touch
their lives: where electrical impulses fire in the brain and heart; where gas mixtures inflate
and exchange with one another in the complex caverns of the lungs; where streams of blood
and oxygen course through the great traffic circle of the vasculature; and even where nerve
and muscle touch to make us move.

To be sure, we may manipulate the body at the molecular level. Some of our drugs
are deliberately targeted there. He wasn’t an anesthesiologist, but Claude Bernard, the father
of experimental physiology, was the first scientist to discover the site of action of any
anesthetically-relevant drug. With characteristic ingenuity, Bernard used simple frog
experiments to show that curare acted not on muscle and not on nerve, but at the junction
between the two. This was decades before Paul Ehrlich taught us about receptors. Watch
carefully what happens during an ECT case with succinylcholine and a leg tourniquet and
direct electrical current delivered to the masseter muscles and you’ll see Bernard’s frog
experiments repeated before your own eyes. Physiology is embedded in history. So we know
where and why some of our drugs act, even at the molecular level. Others, including inhaled
anesthetics, are still just happy accidents. But we also manipulate the body at the grossest
level: prying open airways, ventilating lungs, infusing fluids and blood, and tracking the
impulses and contractions of the heart. We are organ system physiologists to the core.

When a patient is placed under our care, however, the first thing we do is disable
them. The fine-tuned feedback loops of the autonomic nervous system are cut. “The Wisdom
of the Body”, as Walter B. Cannon referred to it, is left helpless and dumb. So we step in to
take over. Our monitors become the afferent limb of the body’s servo-controlled symphony.
Our drugs, our hands, and the tools in our hands, become the efferent limb. During an
anesthetic, we become the conductor of what Cannon first called “homeostasis”; that great
feedback-controlled symphony that maintains what Claude Bernard had earlier named the
interieur milieu.

In the middle of a tough case, though, it doesn’t feel like that. Blood is pouring out,
the pressure is down, and the IV access isn’t enough. We can never escape the earthy,
practical nature of our calling. Medical students notice these things. And they should. I did.
When I was a resident, I enjoyed the sweet irony of working under an attending who, one
minute, was describing the nuances of a new physiologic intervention he had discovered; and
the next, was desperately, expertly, and eventually successfully resuscitating a hemorrhaging
patient. It was all the reward I needed. I had chosen my specialty wisely. There was
something very special about the place where these men and women, whose specialty their



own parents couldn’t pronounce, chose to touch, and sometimes even rescue, their patient’s
lives.

That place is at the level of physiology. Not just the physiology of cells and
molecules, but the physiology of whole organs and systems. “The Wisdom of the Body” is
smart where it counts, and it counts where everything comes together. Where blood meets
breath, and where electricity meets muscle. Where the metabolic flame of life in a liver cell is
sustained, in part, by the precision of a respiratory control center many inches and a billion
cells away in the carotid body chemoreceptor. That’s where physiologists work.

What kind of a place is it? I tell medical students it’s a place of overlap. Take a live
body. Subtract from it a dead body. The difference is physiology. There’s more than that, of
course; but for the scientist, it is the definition of function. The science of life.

It only takes one deep hypothermic circulatory arrest to make this point. Invite a
bright student into the OR during the arrest phase. Ask them to tell you if the patient is alive
or dead. There is no pulse, no detectible electrical rhythm in the heart or the brain; no
respiratory movement, no convection of blood; no detectible burning of oxygen or outpouring
of carbon dioxide. And the body is lifelessly cold. Without vital signs, vital sign monitors are
of no use. Without robust metabolism, arterial blood gases are of no use. They say dead men
tell no tales. Neither do their blood gases.

Can the patient be restored to what we call “life” again? Or is it too late? How would
the student know? Maybe some yet-to-be-invented submicroscopic monitor of homeostasis
could tell us whether or not the intracellular house is being kept. But we don’t know. All we
have is the clock. And our experience. And the data of comparative physiology — of
hibernating and hypothermic animals. And the “Q10 Rule”. It’s the sum of those parts, and
not our eyes or our monitors, that give us the confidence to tell the student that “she’ll be
fine”. But our eyes, and the surgeon’s, keep darting back to the clock.

This is as close to the boundary of life and death as we get. It is also a marvelous
place to show a student or a resident where physiology lives - and what physiology is. As the
patient emerges, so, too, does her physiology, but still in a disabled state. We will need to play
the role of central controller in her homeostatic feedback loops again — just as we did on her
way down. Our monitors come to life again in their role as our patient’s afferent limbs; and
our drugs and ventilator as her efferent limbs. We warm her up, wean her back, then allow the
wisdom of her own body to regain its senses and take over again. It’s both pure and applied

physiology.

Bernard never got to see this. Neither did Cannon. I’m sure Guyton did. I never got to
meet him or ask him what he thought, but I can guess. Our students get to see these things,
though, and it’s important that we explain to them what they are seeing. And what they aren’t.
I was fortunate to have teachers and attendings who thought a great deal about what was right
there in front of them, and even more fortunate that they asked me questions about it, too.

Students like this kind of stuff. It’s one of the best things we have to teach them
within the confines of a hospital. But we can’t forget that they’re still young and adventurous.
They’re also attuned to things like mountain climbing, deep sea diving, spaceflight, and
African safaris. Thankfully, so is physiology.



That’s why it was so delicious to be in San Diego for a few years. You can find
incredible things there, especially if you have the advantage of being a student. And more
especially, if you have the advantage of being a student who’s willing to play hooky on bright
San Diego days and explore. The city is graced with two zoos, a Sea World, a world-class
organ-system physiology department, high altitude physiologists, comparative physiologists,
Navy-trained sea mammals, and Navy-trained human SEALSs. It’s a physiology student’s
dream. For me, it provided four years of physiology stories for my own future students, and I
know they’ll remember my stories long after they’ve forgotten me.

But there’s also another coast. I was a resident once, and during a rare quiet night in
Boston, I noticed something peculiar about the CVP in a patient sitting up in a chair in the
ICU. I asked my attendings about it the next day. They were honest. They didn’t know.
They’re guesses didn’t quite get us to the mark. But [ made another guess: I wagered that the
comparative physiologists would know. The same scientists who study giraffes in Africa had
thought about these things. So did the physiologists who study spaceflight and
weightlessness. More food for thought. Now I do sitting cases for neurosurgery almost every
day. I see the same thing, and I ask my residents the same question. The questions keep
coming. For example, I ask them how our sitting patients get venous air embolism when
they’re being mechanically ventilated. They don’t know. Our textbooks don’t know. But the
comparative physiologists do, so we visit the Doctor Dolittles of the world of comparative
physiology to answer the question. What seemed so arcane once turns out to have
medicolegal and practical application to how we think about and measure CPP in the sitting
position. Our residents are good sports about these excursions: they like the neuroanesthesia
rotation, even though they never know where it will take them.

And, of course, there’s history. We have a beautiful medical library at the Mayo
Clinic. It’s in the Plummer Building — named for a colleague of Will and Charlie Mayo who
was particularly inventive. Henry Plummer was the kind of guy who was always looking for
solutions, whether they were from the past or ahead of his time. Inside the massive ornate
reading room of the library are wooden ceiling beams. They have imprinted on them the
names of the great medical scientists of all time: Harvey. Vesalius. Pasteur. Virchow.
Mitchell.... Mitchell? Very few students know who he is. If they read Just Enough
Physiology they will. He was ridiculed for suggesting that the inner mitochondrial membrane
acted like a proton battery to power and keep alight that little flame of life at the end of
oxygen’s journey from the atmosphere. What Ewald Weibel called “The Pathway of
Oxygen”. It is the ultimate answer to why oxygen tanks and oxygen hoses and other green
things in the hospital are so important to us.

Mitchell coupled oxidative phosphorylation and electron transport to that proton
gradient. He went from ridiculous to Nobel laureate within a decade. He wasn’t the only one,
of course. Medical history is full of similar curious cases. To be honest, we can set aside
Mitchell for a second. Very few students know who Claude Bernard or Walter B. Cannon is,
for that matter. That’s our fault. So I provoke the students. I tell them that if (when) one of
them wins a Nobel Prize some day, within two years no contemporary medical student will
even know their name. Even if it’s on a beam in the Plummer Library. They don’t like that.
Maybe it will provoke them to read. “Doctor” derives from the Latin for “docere”: to teach. I
think it may also mean to provoke. Hidden within Just Enough Physiology are a few
provocations. Not too many, I hope, but just enough.

One more story. A little closer to home. One day [ was a young faculty member
engaged in an otherwise routine case. It was a long one, and I had time to watch, and time to



think. There was an IV in the patient, of course. Since I like history, I remembered that Sir
Ernest Starling (go ahead - ask one of my students who he was) had once opined that there
was one special place in the circulation where the action of the heart neither raised nor
lowered the local blood pressure. The pressure there would be the same whether the heart was
beating or not. Starling called it the “mean systemic pressure”, and thought that it occurred in
the small veins. Guyton made a great deal of mean systemic pressure for other reasons; but in
his era, before controlled circulatory arrest cases, he couldn’t measure it in humans. I thought
it would be a marvelous pressure to know because it was a pure index of cardiovascular
fullness; or as Starling would think of it, the ratio of stressed blood volume to venous
compliance. What if we simply measured it in our patients’ IVs ? What if we measured it
during an isovolemic circulatory arrest case for the repair of a giant cerebral aneurysm to
confirm that IV pressures (PVP) estimate mean circulatory pressure? What if we observed
that all other pressures converged to PVP during isovolemic arrest — just like they had a
century earlier in Starling’s animal experiments; or a half century later in Guyton’s ? It was a
very old idea, but with new and better ways to measure it, and new ways to take advantage of
it. That started a bit of fun, and eventually spawned some studies around the world. And some
controversy. I’m sure there’s a Latin root buried somewhere in the word “hemodynamics”
that translates as “controversy”. For the students, though, I summarize a small hemodynamic
and physiologic adventure like this with a simple equation: History + Physiology = Phun.

At the end of the day, physiology is the real science of life. And anesthesia is applied
physiology. Together, they make for some good stories, and I’ve only tried to pass a few of
them on. I hope not too many, but just enough.



New Innovations in the Treatment of Low Back Pain
Carol A. Warfield, MD, Professor, Harvard University, Boston, MA

Low back pain is a leading cause of disability. In the United States its treatment costs
more than $100 billion in direct and indirect expenses. Seventy-five percent of these costs
can be attributed to the five percent of patients who become disabled due to inadequate relief
of pain. Although there are many nonsurgical treatments for low back pain, those which most
concern anesthesiologists and injection therapies, neuroablative therapies and implantable
devices. Many of these therapies have long been used and include epidural steroid, facet,
trigger and sacroiliac injections, epidural lysis of adhesions, facet rhizotomy, and implantable
spinal cord stimulators and intrathecal pumps. More recently, intradiscal therapies have been
introduced to the armamentarium of tools which anesthesiologists are using to treat low back
pain. These intradiscal therapies include intradiscal steroids, intradiscal electrothermal
therapy (IDET), biacuplasty, and nucleoplasty.

Osteoporosis is a common problem which often results in painful fractures. New
techniques for the treatment of the pain associated with vertebral compression fractures have
been developed. Both vertebroplasty and kyphoplasty involve the injection of
polymethylmethacrylate into the fractured vertebral body.

A description of and rationale for each of these therapies will be discussed in detail
and data on the indications, contraindications, efficacy and complications of each of these
therapies will be presented.



PQRS: A New Concept in Anaesthesia
David J. Wilkinson, MB, BS, FRCA, FCARCSI (Hon),; Chair PORS Board;
Emeritus Consultant, Barts and the London School of Anaesthesia, London, UK;

Audit is now one of the fundamental aspects of all anaesthetists’ work. This has
traditionally looked as mortality and morbidity as the best indices of how good we are in our
work. In the early 1800s both Snow and Simpson collected this type of data. > This tradition
has continued to the present day * but has proved to be a useless tool to evaluate any form of
quality in recovery.

Measurement therefore in the recovery phase of anaesthesia has focussed
predominantly on the speed of return to physiological “normality.” The original Aldrete score
* was modified by the author ° and then by White ° and in part led to fast track approaches to
day stay care so that patients could move directly from theatre to step down units without
entering the initial recovery area. This scoring system evolved into the Post Anaesthesia
Discharge Scoring System (PADSS) "by the inclusion of intake and output measures together
with the ability to walk.

The concept of a quality measure relating to recovery is not new. Myles in Australia
produced a QoR Score * in 1998 which was then modified to a simpler process in 2000. > The
first system was very complex and the subsequent, perhaps, an over-simplification did not
appear to have caught the imagination of the profession and has been largely ignored to date.

This paper will outline the creation of a new Post operative Quality of Recovery
Scale (PQRS). It has been created through a multinational taskforce with input from
anaesthetists, neuropsychologists and statisticians. It has been piloted around the world and
has proved to be simple to use and useful.
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Winning Their Heart and Mind: The Perioperative Stress Response in Children
Zeev N. Kain, MD, MBA
Professor & Chair of Anesthesiology, University of California, Irvine, CA

Of the over five million children who undergo surgery in the United States, it is
estimated that up to 65% will experience significant preoperative anxiety and pain while in
hospital. That is, every year, about 3 million children experience anxiety before surgery and
postoperative pain while in the postoperative anesthesia care unit. Postoperative pain
continues to be prevalent when children return home, with one study indicating that 56% of
children report immediate postoperative pain at home and up to 33% continue to experience
pain one week following surgery. Indeed, up to 50% of all children undergoing surgery
developed postoperative behavioral changes such as sleeping disturbances at 2 weeks after
surgery. In addition to the behavioral manifestations detailed above, several studies have
documented that anxiety prior to surgery is associated with neuroendocrinological changes
such as increased serum cortisol, epinephrine, growth hormone, IL-6, and increased Natural
Killer cells activity, and correlates other physiological manifestations of anxiety such as heart
rate, blood pressure and prolonged recovery and prolonged hospital stay.

Considering the above it is imperative to understand risk factors, interventions and
outcomes of these clinical phenomena. The lecture will briefly cover the above conceptual
framework and some of the studies that have been conducted to date in this area.



Beneficial Effects of Nitric Oxide Breathing in Adult Patients in Sickle Cell Crisis
C. Alvin Head, MD, Paul Swerdlow, MD, William A. McDade, MD, PhD, Ratan Mani Joshi,
PhD, Melanie L. Cooper, MD, MPH, James R. Eckman, MD

Author Affiliations: Department of Anesthesiology & Perioperative Medicine, Medical
College of Georgia (Drs Head and Joshi), Department of Internal Medicine, Wayne
State University (Dr Swerdlow), Pritzker School of Medicine, The University of
Chicago (Dr McDade), Department of Family Medicine, Morehouse School of Medicine
(Dr Cooper), Georgia Comprehensive Sickle Cell Center, Emory University (Dr Eckman)

Context: Pain due to recurrent vaso-occlusive crisis (VOC) is the major cause of
hospitalization in patients with sickle cell disease (SCD). Nitric oxide (NO)-based therapies,
such as inhaled NO (INO) or NO-enhancing drugs (e.g., oral arginine or hydroxyurea) have
reported beneficial therapeutic effects. A preliminary assessment of NO breathing in children
with SCD showed a decrease in the pain scores during VOC.' This study supports the clinical
use of inhaled NO in the treatment of vaso-occlusion in adult patients.

Objective: To determine if NO breathing reduces pain associated with acute VOC in adult
patients with SCD and to determine the safety and efficacy of NO in such a crisis.

Design: Prospective, double-blind, randomized, placebo-controlled multi-center clinical trial
in adult patients with SCD.

Study Setting and Population: Twenty-three patients aged 19 to 50 years with SCD who
were experiencing uncomplicated severe acute VOC were enrolled at 5 institutions.

Intervention: Patients were randomly assigned to receive INO (80 ppm with 21% final
concentration of inspired oxygen; n=9) or placebo (21% inspired oxygen; n=9) for 4 hours.

Main Outcome Measures: Primary outcome was change in pain scores after 4 hours of
inhalation compared with preinhalation, measured on a 10-cm visual analog scale (VAS);
secondary outcome included amount of narcotic used at baseline, 4 hours, and 6 hours. Safety
assessments included measurement of minimum systolic blood pressures, minimum pulse
oximetry reading, maximum concentration of delivered NO,, and maximum concentration of
methemoglobin (metHb).

Results: At baseline, VAS pain scores were similar for NO and placebo groups. NO
breathing resulted in reduced VAS pain score at 4 hours into treatment (NO group: ~6¢m;
placebo~ 3 cm, P =.02). No NO gas toxicity was observed (metHb levels < 5%).

Conclusions: NO breathing in adult patients with SCD during acute sickle crisis appears to
be safe and effective in reducing pain.
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