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DECLARATION OF JAMIE GIANI

1 am an Assistant Federal Public Defender with the Capital Habeas Unit in Little Rock, Arkansas.

Marcel Williams was a client of our office.

| was present at Cummins from about 2:40 until after 11:00 PM on April 24, 2017. | visited with

Marcel prior to his execution and then witnessed the execution itself.

During this time, and particularly during the execution itself, | took notes as to what was going

on, marking down exact times whenever possible. The foliowing timeline is taken from my

notes and accurately reflects my recollection of what happened on Aprit 24, 2017:

2:40

4:44

4:45

5:40

5:45

6:40

7:00

Arrived at prison with Scott; told only Scott was approved to go back, but that even he
could not go back right now

After repeated requests to see our clients, to no avail, and without being given any good
reason, | attempted to call Lee Rudofsky’s cell phone from the deputy warden’s office.
It went to voicemail.

I call Judge Baker's chambers to let her know we were not being allowed to see our
clients at this crucial time and we had been waiting two hours. While we were on the
phone, Major Cyr informed us that they would now take Scott and Jeff back. Scott and
Jeff left the deputy warden’s office to visit the clients.

Scott returned, and | was driven to the death house.

Began my visit with Marcel

They came to take Jack Jones to be executed.

Marcel was given clean, pressed, execution whites and toid to put them on by 7:30. No

shoes — socks only.

7:20ish Father Harris administered last rites to Marcel.



7:50ish The Emergency Response Team in full riot gear came to take Marcet out of his cell. |

8:03

8:16

8:17

8:28

asked if | could hug him goodbye. They said no. So ! reached through the bars,
squeezed his hand, and said goodbye. Father Harris and | were escorted out. White
vans with witnesses arrived, and Scott was brought over from the garment factory. We
waited to be told when to go into the witness room.

We sat down in the witness room. We were the last to be seated as the attorneys. We
were seated in the back row by the door so that we could stand to see if we needed.
There were three rows of seats ahead of us, packed in a tight room, facing four large
windows covered on the inside by a black curtain. The door to the execution chamber
was to the right of the windows. Light and movement of feet could be seen through a
slight crack. Lights in the witness room were dimmed. Witnesses sat quietly. 9 men
and one woman were citizen witnesses; 2 men and 1 woman were media; 2 male
chaplains; Scott and myself. An officer stood in the passageway in front of the
execution door with another female ADC employee.

| hear the phone ring in the execution chamber.

We are told there is a 20-minute stay from the courts. Wendy Kelley opened the door
from the execution chamber and asks Will Jones {citizen witness} to step out. | stepped
out and called John Williams. | eventually rejoined the others in the witness room after
a brief conversation to determine what was happening (there was movement in Jones’s
execution and they were asking for a stay of Marcel’s before Judge Baker).

scott left to call John. | remained in the witness room {with no watch or clock). During
the following 20 minutes, we hear muffled talking coming from the execution chamber.
| can discern what sounded like Marcel’s voice and Wendy Kelley's voice. | overhear the

female ADC employee talking with officer saying Jones kept talking after his last words



8:49

8:50

8:56

8:59

9:04

9:10

9:17

9:20

and media is saying we turned the mic off too early (maybe her name is Shelly?). Loud
jaughter comes from execution chamber — clearly Marcel. “Shelly” whispers “That’s
Marcel in there laughing.” Marcel laughs several times, and | continue to hear voices.
Officer asks "Shelly” if "we need to take these witnesses back out.” “Shelly” makes a call
on her celt phone and is apparently told not to take the witness out. | believe | hear
Marcel say “Seriously. Go look it up.” And another loud laugh. Continue to hear Marcel
and what sounds like Wendy Kelley’s voice.

Hear a knock inside the execution chamber

Hear jangling inside execution chamber — something happening with shackles.

Scott still outside; continue to hear some talking in execution chamber but can’t discern
voices; witness room is quiet.

“Shelly” makes another phone call - still no word; Banging sound in execution chamber;
witnesses begin to stand up and stretch.

It seems to be quieter in the execution chamber

Officer and "Shelly” step into vestibule for about ten seconds and close door; everything
is guiet; the air kicks on

The main door to the outside opens and all witnesses are taken back out. I'm feeling
hopeful. | ask if Marcel is back in the cell. Father Harris and | would like to go see him.
Father Harris and | are escorted back to Marcel’s cell, passing what appears to be the IV
team on the way in. Marcel said that he had been strapped down for guite a while but
that he eventually said he had to go to the bathroom if they were going to be there a
while. They then brought him to the bathroom and Wendy Kelley told them to just let

him stay in the cell until the stay was lifted. He still had his ankle straps on. He said that



9:25

9:32

9:43

9:45

they had tried to start on IV but had not actually stuck him yet. He said he had been in
the cell for maybe about 15 minutes. | told him we were not sure the stay would hold.
They came back in and said the stay was lifted. Same procedure with the riot gear and a
rushed second goodbye. This one would be the last.

We were again seated in the witness room, and the officer knocked on the door to let
the execution chamber know we were present and seated. Dexter Payne is also in the
room now.

Hear talking from execution chamber — | believe it’s Marcel and Wendy Kelley; rolling
noise

“Shelly” makes quick phone call to say “be careful with that curtain.” Don’t know what

she was talking about. | had not noticed any issues with curtain.

9:55-56 Continue to hear people talking in low voices in the execution chamber; otherwise

9:59

10:04

10:09

10:14

10:15

10:16

everything is quiet

Drawer-like noise and shackles noise from execution chamber

Dexter Payne shows "Shelly” something on his celi phone

More talking from execution chamber — sounds something like “do not cover it up.”

A banging sound and jangling from execution chamber

Hear a male’s voice from execution chamber — don't think it's Marcel’s

Knocking sound in execution chamber; after 45 minutes of sitting in the witness room,
the curtains are suddenty opened and light comes pouring in from the execution
chamber. Marcel is lying with his right side facing us, his right arm extended out,
strapped down, towards the witness room. The designee stands by Marcel's head on
Marcel's right side, at times slightly obstructing the view. | see tubes going to the crook

of Marcel’s right elbow as well as his right wrist. | see no tubes going anywhere else on



10:17

10:18

10:19

10:20

10:21

10:22

10:23

10:24

10:25

10:26

10:27

his body. Marcel is asked if he has any last words; he slightly shakes his head no and
says nothing. The sound feed from the execution room is turned off. Marcel's body is
covered with a sheet, but his right arm is visible. There is some sort of board-type strap
across his chest and his arms and hands are strapped down. His legs and feet are not
visible. His head is squeezed between a yellow, vice-type contraption but limited
mavement of his head is still possible as evidenced by his ability to indicate he had no
last words. The medication is started.

Marcel's eyes close. He is breathing very hard. His chest visibly rises up and down in
hard, almost jerky motions.

Hard breathing continues; Marcel turns his head slightly.

After onty two minutes, designee begins checking Marcel’s neck, touches his arm and
hand. Not clear if this is part of the consciousness check.

Hard breathing continues. Designee touches Marcel’s right fingers; | hear loud talking
coming from outside.

Marcel’s head moves; hard breathing continues; Designee places pulse ox on Marcel’s
right middle finger

Designee touches Marcel’s eyelashes and speaks into his ear {not loudly enough to be
heard in witness room where | was standing); Marcel's head turns; hard breathing
continues; Designee touches Marcel’s hand and removes pulse ox (it is never replaced)
Marcel’s breathing visibly slows; | no longer see the sheet moving.

Designee checks Marcel’s right wrist

Marcel coughs

Designee again brushes Marcel’s eyelashes and touches his hand and arm

Designee just keeps looking at Marcel; his face appears to show concern



e 10:28 Marcel's right eye {I cannot see his left) opens slightly; | can see movement of his
eyeball

+ 10:29 | continue to see eye movermnent

e 10:30 Designee continues to just look at Marcel at this point

s 10:31 Designee brushes Marcel’s eyelashes; the right eye is still open; Designee takes out a
stethoscope and puts it on Marcel’s neck and chest; appears to listen for breathing.

e 10:32 Designee says | think we need to call the coroner (this was actually audible even without
the audio being on); Coroner comes in and uses his stethoscope to briefly check Marcel

* 10:33 Time of death is announced; Wendy Kelley reads proclamation.

4. | kept waiting for the consciousness check to be completed. | never saw the designee make any
affirmative indication that Marcel was not conscious, and in fact, there was eye movement until
at least 3 minutes before the coroner was called. | did not think they had even pushed the
second or third drugs yet, so | was shocked when the coroner was called. | saw no sternum rub
or pinch. It certainly was not clear how the consciousness decision was made — if, in fact, it ever

was.

I swear that the foregoing is true and correct to the best of my knowledge under penalty of perjury

under the laws of the United States and the State of Arkansas.

L—”QS/\'} GQDH\_.

Date Jamie Giani
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Declaration of Joel Zivot, M.D., F.R.C.P. (C)

1. Joel Zivot, hereby declare:
1. I received my Doctor of Medicine from the University of Manitoba,
Canada, in 1988. From 1989 to 1993, I was a resident in Anesthesiology at the
University of Toronto, Department of Post Graduate Medical Education. and
from 1993 to 1995, I completed an additional residency in Anesthesiology and
a Fellowship in Critical Care Medicine at the Cleveland Clinic Foundation,
Department of Anesthesiology in Cleveland, Ohio.
2. I hold an active medical license from the State of Georgia and have held
unrestricted medical licenses in Ohio, the District of Columbia, Michigan. and
the Canadian provinces of Ontario and Manitoba. I also hold an active license
to prescribe narcotics and other controlled substances from the federal Drug
Enforcement Administration.
3. I hold board certification in Anesthesiology from the Royal College of
Physicians and Surgeons of Canada and the American Board of
Anesthesiology. I am also board certified in Critical Care Medicine from the
American Board of Anesthesiology.
4. I have served as the Medical Director of the Cardio-Thoracic Intensive
Care Unit and the Fellowship Director for Critical Care Medicine at Emory
University Hospital. I am an Associate Professor of Anesthesiology and
Surgery at the Emory University School of Medicine and an adjunct Professor
of Law at Emory University Law School.
5. T have practiced anesthesiology and critical care medicine for twenty-two
years, and, in that capacity. I have personally performed or supervised the care
of more than 42,000 patients. My resume is included as Attachment 1.
6. I am, by reason of my experience, training, and education, an expert in

the fields of anesthesiology and critical-care medicine. The opinions that follow



are within my ficld of expertise and are stated to a reasonable degree of medical
and scientific certainty unless otherwise noted. Ethical requirements prohibit
my participation in lethal injection. The opinions below express my medical
opinion regarding the risks of the lethal-injection procedure to be used against
Kenneth Williams. These opinions are not and should not be construed as an
attempt to assist the state in developing a better way to perform executions.

7. Counsel for Kenneth Williams retained me to review witness accounts of
the State of Arkansas’s recent executions and to determine if Mr. Williams has
any medical conditions that would cause a unique and particular danger of
significant pain and suffering during the State’s planned lethal injection of him
on April 27. 2017. 1 have reviewed pertinent medical records for Mr. Williams,
and 1 performed a physical examination of him.

8 I have reviewed the State’s lethal-injection protocol entitled “Attachment
C.” 1 previously authored a declaration setting forth my concerns that the
lethal-injection protocol is insufficient to anesthetize any prisoners against the
pain of the second and third drugs and lacks safeguards to prevent a tortuous
death or sub-lethal injury. My concern was that the pain of death as a result of
the lethal injection protocol set forth in “Attachment C” far exceeds any pain
that might be associated with a natural death. That declaration is included here
as Attachment 2.

9. I have also reviewed publicly reported accounts of the April 24, 2017,
executions of Jack Jones and Marcel Williams using the Arkansas lethal
injection protocol. These accounts provide important information regarding
how the midazolam protocol works in action.

10. Based on the accounts of the April 24 executions, my physical exam of
Kenneth Williams, and my review of his medical records, it is my opinion that

the State’s lethal injection protocol, if performed against Mr. Williams, will



cause him extreme pain and suffering due to his unique medical conditions and
in light of the manner in which Arkansas is performing executions under its
protocol.

11.  Witness accounts of Jack Jones’s execution on April 24, 2017, indicate
that the lethal injection team unsuccessfully attempted for 45 minutes to place a
central line before eventually placing two intravenous lines. These events
reflect that the execution team lacks the necessary medical skill to do these
tasks competently. In order to be certain that these intravenous starting events
occur without needless and excessive pain, it will be necessary to allow
observation by knowledgeable individuals, not otherwise under the employ of
the ADC. Obviously. in a medical setting, failing to place a central line or
taking so long to place an IV would not accord with any minimum standard of
care.

12. Witness accounts also indicate that, after injection of midazolam, Mr.
Jones was moving his lips. speaking to Corrections Director Kelley, and/or
gulping for air. As an anesthesiologist who has administered anesthesia to
many thousands of patients in my career, I can state that such actions and
movements are not consistent with general anesthesia or “‘unconsciousness”
and instead reflect the inability of midazolam to induce general anesthesia or
relieve pain.

13. Witness accounts of Marcel Williams’s execution on April 24, 2017,
indicate that, when an execution team member checked Mr. Williams’s
consciousness after injection of the midazolam, “the executioner moved toward
another person and mouthed the words, ‘I'm not sure,” according to multiple
witnesses. Mr. Williams continued arching his back and moving during this
time. Three minutes later Williams’s breathing stopped. and he

grimaced. These events reflect that the executioners lack the medical skill and



experience to perform a reliable consciousness check. Further, the fact that
Marce! Williams continued moving after the midazolam injection and grimaced
when his breathing stopped — likely upon the administration of the
paralytic vecuronium bromide — clearly indicates that he was not under general
anesthesia and was not insensate to pain at the time.

14,  Striking in both executions is what cannot be seen. The ADC does not
allow a clear unobstructed vantage point to view the fullness of the
execution. Reports by witnesses that claim to have seen no obvious suffering
are utterly insufficient as verification that excessive pain and suffering did not
occur. The inmates are strapped down, from head to toe to fingertips and large
movements are therefore impossible even for those that have not received any
of the execution drugs. A pulse oxymeter was applied to Marcel Williams for
unclear reasons. At some point, the pulse oxymeter was removed and not
reapplied. This device is in no way a monitor of consciousness although the
ADC has claimed it would provide some form of an aid in this question. It
speaks further to a lack of technical understanding on the part of ADC.

15. This information demonstrates that, in practice, Arkansas’s lethal
injection protocol causes condemned prisoners to experience significant pain
and suffering, and that the State’s lethal injection team lacks the ability and
experience to perform its functions competently.

16. 1 evaluated Kenneth Williams on March 23, 2017, at the
Varner Supermax Unit in Grady,

Arkansas. Mr. Williams is a thirty-eight-year-old African-American man with
several noteworthy medical issues. Mr. Williams suffers from sickle cell
trait, erythrocytosis, and brain dysfunction with a history of brain injury. He

was also diagnosed with Lupus in 2013.



17.  Sickle cell trait is a blood condition that in this country is found
primarily among African-Americans. Sickle cell trait is inherited genetically.
When one parent has sickle cell trait, there is a fifty percent chance that the
child will inherit the trait. If both parents have sickle-cell trait, three in four
children will inherit the trait. and one of those three will also develop sickle cell
disease.

18.  Sickle cell disease is a lifelong medical condition that causes significant
pain and serious health problems. The disease causes a chronic shortage of
functioning red blood cells, which are required to deliver oxygen throughout
the body. The damaged cells can also cause blood clotting and associated
problems such as stroke. Red blood cells that contain the abnormal hemoglobin
protein pathognomonic for sickle cell disease will alter shape from a normal
spherical bi-concave appearance to a crescent or sickled shape. This occurs
whenever the red blood cells afflicted with the abnormal hemoglobin molecule
are exposed to low oxygen.

19.  Persons with sickle cell trait. as opposed to full-blown sickle cell
disease, are not usually svmptomatic, and they typically can lead normal
lives. However, people with sickle cell trait can develop “sickle crises,” in
which the symptoms of sickle cell disease manifest under conditions where
their bodies — and their red blood cells in particular — are placed under
significant strain. This can occur as the result of intense exercise, being in high
altitude/low oxygen conditions, or other activities like scuba diving. When a
tourniquet is applied to the arm or leg of a person with sickle prone cells, the
resulting fall in oxygen to the limb in question can initiate a cascade of sickling
cells. Sickled cells are ineffective oxygen carriers and the sickled red cell
clump is associated with progressive organ failure as a consequence of

obstructive vascular emboli. Impaired blood flow will necessarily result in



inadequacy of circulation and uneven distribution of the chemicals set for
execution.

20. Arkansas’s lethal injection protocol. when administered to Kenneth
Williams. is likely to provoke a “sickle crisis.” The administration of
midazolam will at first cause a fall in blood oxygen and cause red cell sickling.
Once paralysis is achieved by vecuronium, the further inexorable fall in blood
oxvgen will only serve to further lead to a severely painful sickle crisis.

21. Mr. Williams’s brain damage and Lupus diagnosis will also likely cause
significant pain and suffering during administration of the lethal injection
drugs. Brain injury and Lupus are independently associated with significantly
increased risk of seizure and associated complications. There is a substantial
likelihood that the injection of midazolam will provoke such a response in Mr.
Williams.

22.  Alone and in combination, each of Mr. Williams’s medical conditions
will complicate the State’s “one size fits all” execution procedure and lead to
severc pain and suffering for him. After the State injects Mr. Williams
with vecuronium bromide, however, most or all of the manifestations of his
extreme pain and suffering will  not be discernible to
witnesses. Vecuroniumbromide is a paralytic that will prevent movement of all
major muscle groups in his body and prevent him from breathing. but it will not
reduce his pain or affect his consciousness in any way. The only discernable
reason for including vecuronium bromide in Arkansas’s lethal injection
procedure is to cloak from the execution team and other witnesses the extreme

pain and suffering that Mr. Williams will endure.



I certify that the facts set forth above are true and correct to the best of my
personal knowledge, information, and belief. subject to the penalty of perjury,

pursuant to 28 U.S.C. § 1746.

April 25, 2017

Date Joel Zivot, M.D., F.R.C.P.(C)
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EMORY UNIVERSITY SCHOOL OF MEDICINE
CURRICULUM VITAE

Revised. Apni 2017

1. Name. Joel B. Zvot, MD, FRCP(C)

2 Office Address ..
1364 Clifton Road, Atlanta, GA 30322
Telephona. (404) 686-4411
Fax' (888) 980-592¢8

3  E-mal Address: .zivot@emary.edu

4  Chzenship
Amercan, Canatian

5. Cument Tdles and Affilialions
a Academic Apponiments.

1. Pnmary Appointmen's:
Associate Professor, Department of Anesthesiology

2 Joint and Secondary Appointments;
Assocate Professor, Depantment of Surgery

3. Other academc appoinirnents
Adjunc! Professor Emory School of Law
Adjurct Professor. Emory Universily Institute of Liberal Ars

b.  Orher Administrative Appointments:
Medcal Advisor Southem Center for Human Rights, Atlanta. Georgia
6 Prewious Academic and Professional Appontments.

-Fellowship Director, Crtical Care Mediaine, Department of Anesthesiology, Emory University
School of Medicine, Jan 2013-Janvary 2016
- Meaical Drector. 4A/SA, EUH (February 2013 -June 2015)
- Medical Director, 115, EUHM (June 2010-February 2013)
- Associate Professor, Depariment! of Anesthesidogy. Unversity of Maniaba. Winnipeg, Maniloba.
Canada, 2007-2010

Member, Academic Promotions Committee, Umversity of Manioba. Fecully of Medicine, Winnipeg,
Manitobe, Canada, 2009
-Member of selection committee, Physician Assistant Program, The University of Maroba,
Winripeg, Manitoba. Canada, 2008
- Member, Accreditation Review Commutiee-Anesthesiologist Assistants, Commission on
Accreditation of Allied Health Education Programs (ARC-AA), 2008
- Assistant Professor, Deparitment of Anesthesiology and Critical Cars Medicine, George
Washington University Hospital, Disinct of Columbie, USA, 2005-2007

Joc! B Zivat. MD, FRCP(C)
April 2017
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"

-Program Medical Drrector. Master of Science in Anesthesiology, Case Western Reserve University
School of Graduate Studies, Cleveland, Ohio, USA, 2000-2005
. Assistant Professor of Anesthesia, Surgery. and intensive Care, Universily Hospilals of Cleveland.
Case Weslem Resarva Universily School of Medicine, Cleveland, Oho. USA. 1998-2005
- Direclor Critical Care Medicine Feliowship, Department of Anesthesiology. University of Mictugan
Medical Center, Ann Arbor, Michigan, USA, 1996-1998
- Assislant Professor, Depariment of Anesthasiology and Critical Care Medicine, University of
Michigan Medical Center, 1995-1998

Previous Administrative and/or Clinical Appointments:

-Medical Director, Cardio-thoracic ICU, Intensrve Cars Cardiec Sciences Program, Winnipeg
Regional Health Authority. Winnipeg, Manitoba, Canada, 2007-2010

-Medical Director. C TICU, George Washington University Hospital, Washington, OC, 2005-2007
.Co-Medical Diector, Surgrcal Intensive Care Unit. Unwersity Hospitals of Cleveland, Case Westem
Reserve Universily. Cleveland, Ohio, USA. 2002-2005

-Director, Post Anesthesia Care Unt, Depariment of Anesthesioiogy. Unwersity of Michigan Medical
Center, Ann Arbor, M1, 1995-1998

L:censures / Boards.

-Licentiate, Medical Councd of Canada, 1389-presen!

-Lacense. Controtted Substance, Drug Enforcement Agency. 1995-present
-License, Michigan State Medcal Board, 1985-2000

-Licensa, Dhio Stale Medical Board, 1998-2012

-Follow, American Callege of Chest Physicians, 2000-2010

-Licansa District of Columbia Medical Board 2005-present

-License. College of Physicians and Surgeons of Manitobg, 2007-2011
-License. Georqia Composite Medical Board, 2010-present

Speciaty Boards:

-Feflow, Roya! Callege of Physicians of Canada, 1993-present

-Diplomal, Anesthesiology, American Board of Anesthesiology, 1995-present

-Diplomal, Critcal Care Medicine, American Board of Anesthesiology. 1395-present
_Follow, American College of Chest Physicians, 2000-2010

-Testamur in basrc per-operalive lrans-esophageal echocardiography, Natonal Board of
Echacardiography. 2010-presen!

Education’

-University of Manitoba, Winnipeg, Manitoba. Canada, 1980-1983
-University of Toronto, Toronto, Ontano, Carada, 1984
_Doctor of Medicne, Unwversity of Mamtoba, Winnpeg, Mandoba, Canada, 1988

Posigraduate Training.

-Rotating Internship, Mount Sinai Hospaal, Unversily of Toronto, Dapantment of Post Graduate
Medical Educaton Toronto, Canada. 1988-1989

-Residency. Anesthesiology. Univarsity of Taronto Department of Anesthesiology. Dr David
McKnight, Toronto. Canada. 1989-1993

-Residency, Anesthesiology, Claveland Clinic Foundation, Department of Anesthesiology, Dr. Armin
Schubert. Cleveland, Ohio, United Stales, 1993-1994

-Fellowship, Critical Care Medicine, Cleveland Chmic Foundation. Department of Anesthesiciogy, Dr.
Marc Popovich, Cleveland, Omo, United Stales. 1994-1995

Joel B Zivol. MD, FRCPC)
April 2017



-Masters of Biosthics, Emory Center far Ethies, Dr. Toby Schonledd, program director, 2012-present,
expacted graduation spring 2017

12. Committee Memberships:
a. National and Intermational:

-American Sociely of Anesihesiology. Commillee on Ethics, 2011-present

-American Sociely of Anesthesiology, Care Team Committes, 2007-2009

-Society of Cntical Care Medicine, Committee on Ethics, 2011-presant

-Socmely of Critical Care Medicine, Patient and Family Satisfaction Committee, 2013-present
-Society of Cardiovascuiar Anesthesiology, Committee on Ethics, 2012-2013

-Socfely of Critical Care Anesthesiclogists, Graduale Education Committee 2013-present

b Regoonal and State.

-Prasidant. Cleveland Socely of Anesthesiology. 2001-2002
-President Elect DC Sociely of Anesthesiology, 2006-2007

c.  |nstrutional
-EUHM Committee or Ethics, 201 1-present
-EUHM Pharmacy and Therapeutics Committoe 2011-presen!
-EUHM Execulive Cnilical Care Committes 2010-prosont
-EUHM CAUT! and CLABSI prevention committee 2010-presant
-EUH Executive Pharmacy Commities 2012-present
-EUH Antibigtic Utdization Subcommittee 2012-present
-£EUH Resuscitahon Committee 2013-present
-EUM Dufficunt Airway ad-hoc group 2013-2014
-EUH Executive Critical Care Commuttee 2013-present
-Department of Anesthesiology Residency Review Committee2013-present
-EUH/EURM CTS Quality Commitige. 2012-present

13 Peer Review Activities

a Manuscripts

-Canadian Joumnal of Anesthesialogy. {manuscrpt reviewer), 2013

-Cntical Care Medicine. (manuscript reviewer), 2014-2015

-Mayo Climic Proceednigs, (manuscript reviewer), 2015

b. Grant reviewer

- Reviewsd grant applicabons for The Emory Georpa Toch Healthcare innovation Program (MHIP),
[HIP-ACTSI-GSU) Seed grant

b. Conference Abstracts:
. National and Intemational:
-Amencan Socely cf Anesthesiciogy. 2012

Joel B Zivot, MD, FRCA(C )
April 2017



Abstract Review Commitioa and poster session moderator
it Regional

-Midwestern Anesthesia Resident Conference, 2001-2003
Abslract reviewer

14 Consukantships:

-Merck Pharmaceutrais, physician advisory board, 2005-2007

-Consudtant for Wireless EKG Monitar, 2004-2005

-Masimo Corporation, product desgn and physician advisory board, 2013-present
-Doximity. physician advisory committee. 2014-presen!

15 Honors ang Awards
.Robert 8. Sweet Cinxcal instructor of the Year, Unwersity of Michgan, Department of
Anesthesioiogy, 1997

-Outstanding Climcal Instructor of the Year. Case Wastern Resarve University, Master ol Science
in Anesthesiology Program, 1999

_Cimical Instructor of the Year, Unwersity Hospitals of Cleveland, Department of Anesthesiclogy.
2000

-Outstanding Clinscal instructor of the Year, Case Westem Reserve University, Masler of Science
in Anesthesioiogy Program, 2001

-Meritorious Service Award, American Academy of Anesthesiologist Assistants, 2003

This award was given to me for academic work as the medical dirsctor of the Masters in
Scrence of Anesthesiology at Case Wesiermn Resarve University and aiso advocacy for
scope of prachce, and commiftee work to improve the relationship between the American
Sociely of Anesthesilogy and American Academy of Anesthesiologist Assislants.

-Qualty and Falient Sefety Award, Universiy Health Systems Consortium, 2002

This award was given by Unwersity Health System Consortium for varions qualily
benchmark prasects when | was the co-medical director of the Caruio-thoracic Intensive
Care Unil at University Hasptals of Cleveland

-Distinguished service by a Physician Award. Amencan Academy of Anesthasioiogist Assisiants,
2005

This award was given to me lor work with the Amernican Academy of Angsthesiology
Assistants annual meetings where | served as a speakar on multiple focations and also
developed and hosted an annual Jeopardy game compelition between all of the Masters
of Science in Anesthesiology schools around the country

.District of Columbia Annual Patient Safaty Award, District of Coiumbia Department of Health,
2006

This award was given by the District of Columbia Department of Heakh for quality
improvement work done whern | was the medicai direclor of the cardio-thoracic inlensive
care unit al George Washngton University Hospitat. | developed severa! collaboralive
qualily projects between cardio-thoracic surgery and critical care medicme.

Joel B Zivot, MD, FRCP(C'!
April 2017



-Presdential Citation, Socrety of Cntcal Care Medicine, 2013

This award was gven to me lor work done within the Socsty of Ctical Care Medicne
tha! included wiiting a book chapter, service on 2 sociely committees. and moderating an
o- line debate about the topic of end of life dacisions in patients with implanted
machanical cardiac support devices.

16. Socety Memberships.

-Amencan Academy of Anestheswologist Assistant, 2005-present
-Amenican College of Chest Physicians, 2000-2007

-American Medrcal Association. 19952000

-Amarican Medical Association (reactieted), 2010-present
-Sociaty of Criical Cana Anasthesologists, 1695-present
-American Sociely of Anesthesiologisls. 1§93-present

-Canadian Anesthesioiogist Sociely, 2007-present

-District of Columbia Sociely of Anesthesiologists, 2006-2007
-Intemaironal Anesthesia Research Sodely, 1996-2000
-intemabonal Exira-Corporeal Life Support Organization, 1997-2005
-Ohwo Society of Anasthesiologists, 1993-2005

-Socrely of Cntical Care Medicine, 1995 present

-Manitoba Medical Society, 2007-2010

-Canadian Medical Association, 2008-2012

-Georgia Society of Anesthesiclogists. 2010-present

-Society of Cardiovascular Anesthasclogists, 2010-present
-Socely of Academic Anesthesiology Associations, 2013-present
-Medical Associalron of Georgia, 2016-

17 Qrganization of National or International Conferences:

"On the Ethics of Diug Shortayes” June 2012, Joinlly with the American Society of Anesihesiology snd
the Emary Center for Ethics

a. Admnistrative Positions Dwiaclor, Meeting Planning Commitiee
b Sessions as char. Overall conference chair
18 Research Focus:
Medicine. moral theory, rhetorc, semantics. end of life, physicians and vulnerable populations Physician
partapalion in lethal injechion. Ethogram to study confiict in the operaing room, Human factors in cntical
care decision-making and biological varabiiity. Develaped economec mode! expiaining the natonal
genenic drug shorlages. Studied Propofol wastage w the operaling room.
19 Grant Support
a. Active Support:
1 Other. Team Based Scrence (TBS) grant from the Department of Anesthesiology for
Evaluetion of confict in the operating room, $20.000.00
2. The Emory Georgia Tech Healthcare Innovation Program (HiP), (HIP-ACTS1-GSU) Seed

grani, $25,000.00, for “"Managing Conflict and Error m the Operaling Room”. Awarded July
2014
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b. Previous Support
$20.000.00 from the Amencan Socwely of Anesthesiology to pian the meeting “On the Ethics of
Drug Shortages” June 2012

20 Clinical Service Contributions

21.

-Medical director of 118 ICU (EURM) and 4A/8A ICU (EUH)

f crealed and chaired a joint protocol development group with Crtcal Care Medrcine, Surgery,
Nursing, and Respiralory Therapy with the purpase of improving quality melrics in critcal care
medicine. This group accomplished severa things including a biood conservation strategy for post-
aperalive cardiac sugery patfents, intra-aortic balioon pump removal, DVT and Gi prophylaxis and
the beginning of an atnal fibrilalion management prolocol. | also wrole and helped implement a rapid
extubation protocol for EUH and EUHM cardiac surgery palienis.

-Hospital Committee involvement

| was involved in several Emory commitees tha! addressed a broad range of ssues, (see 12 ¢)
-GME involvement, Felowship Director, Crtical Care Medicine, Department of Anesthesology

t am the fellowstp direcior for critical care medicne. | deveioped the first joint Anesthesialogy-
Emergency Medicine critical care medicine fallowship at Emory and | am expanding the number of
faliows who will also be trained to assist in praviding ovemight coverage for sirway management al
EUHM. Ovemight airway coverage has been a project of the EUH emergency airway commiftee on
which | am a member My ongoing conflict project has been embraced by Emory Healthcare Office

of Quality and they are also contributing to the funding and management of tha project on an
ongoing basis.

Community Outreach:
Community Service
international
-5t Petersburg Russia, 2002, 2004
Home visits {0 community members who ware unable to travel to see a physican
Regional
+Hurncane Katnna Medical Response Team, 2005
Emory 500 Atlanta Molor Speedway Health Ten! Volunteer. 2010
Media
Op-Ed:
-"Baby's status as human is on lrial” Op-Ed, Feb 19, 2010, Winnipeg Free Press, 2010
-*Why | am for a moratoriurn on lethal njections” Op-Ed, Dec 15, 2013, USA Today, 2013
-*The Slippery Slope from Medicing to Lethal Injection” Op-Ed, May 2, 2014 TIME, 2014

Interviews

Angsthesiology News, 2002
-Anesthesiologist Assistanis

The Medical Pos!, 2009
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-Waiting for Cardiac Surgery

The Health Report. CJOB 68 AM, Winnppeg, Canada. 2010
-Caraiac Cnticaf Care
-End of Life n the ICU
-VIP syndrome

Inside the Black Box, WREK 91.1 FM, Allants, Georgia, 2011
-Bitirw} the Bullet: The Technology o! Anesthesia

Nationa! Public Radio WABE 30.1 FM Aflanta, Georgia, 2011
-Physsxcians and the death penalty
-Drug shortages
Georga Public Broadcasting, Atlanta GA, 2012
-Drug shortapes reaching cnlcal levals
Medpage Today, 2013
-No Acdvantage lor Fresh Blood m ICU Transfusions
-Merungihs Cultreak: Suspicion needed lor nausea complaints
-Drug Shortages spark use of compounders
Medscape Medical News, 2073
-GPCIs to Blame for Drusg Shortages. Says Physicians Group
Medpage Today. 2014
Crued and Unusual Purushrment
-Lathei Injechion: a crusi, painful, lemfying execution
Miarni Herald, 2014
-Doctor spesks out on use of untestad drugs in capital punshment

The New York Times, 2014
-Timatine descnbes frantic scene al Oklahoma execution

The Washington Post, 2014
-Flonda’s Gruesome Exocution Thealer
-Another execution gone awry. Now what?

CNN with Sanpay Gupta. 2014
-Dr Invot Lethal imection not humane

Amicus on State with Dahlia Lithwick, 2015
-Boiched protocols

Huffington Past, 2015
~Okiahrorna wants (o remstale the gas chamber and experts say it's a bad
es

Time, 2015
-The harsh realty of execution by bring squad

CNN, 2017
-Executions putl physicians in unfsir dvemma {Opmion)
-Gorsuch grapples with death: a physician's viewpoint (Opinion)
Medpage Today, 2017
-Op-Zd. Ner Gorsuch and Assisted Surcide

22 formal Teaching

Medical Student Teaching.
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i. Discovery Project "Propofol wastage m the ICU" Medical student Mina Tran,
2012-2013. contact howrs 4 hrs/week
ii. Serve as leacher and mentor for medical students in anesthesiology and calical
care medicine 2010-present, conlact hours 3 hrs/week
i Insinuclor for Fundamental Critical Care Support (FCCS) training course for
medical students. 2012-present, contact hours 1 hriweek
. Forge Medical Student innovation Group. Mentor. contact hours: 0.5 hrsiveek

b Graduate Programs.

1. Traning Programs:
Instructor in the Masters of Science in Anesthesilogy program. | develaped the
frs! critical care medicine rotation for all of the students and also a8 seres of
didactic feciures on the topic of critical care medicine the included “Critical Care
Medicine”, "Heant Failure” and “Acid-Base Disorders™

2 School of Law:
Co-chief instructor of LAW 819-002, “Law, Medicine and Human Rights™, a 2
credil hour seminar taught in the fall 2016 semesler in the Emory Schoo! of Law

3 Reswdency Programs.
Served as instrucior for residents in anesthesiology. emergency medicine, and
surgery in the arva of ciitical care medicine. | also sit on the residency review
commilles for the Department of Anesthesiology. Lecture topics “Seplic shock”,
“Thyroid disease i critical care”, “Mechanical hean support”, “Pulmonary artery
catheters” "Heunstics and biases in clnical reasoning”, “delirium and agitaton in
eritical iness”, “hwalogical vanability”.

¢ Other Categories
I give regular lectures on a vanety of critical care topics for respiratory therapy including
‘capnography” and ‘paralytics”. | lecture students ¢ the Emory critical care NP/PA
program and also reguiar critical care lectures to the NP/PA practiicners in critical care. |
'each thase students how 1o read ches! X-rays. | am invited to lecture in the Emory
School of Law on the topic "Physician Assisted Suicide”

Emory Tibel Science Indistive:

t taught brology to Buddhist monks at Drepung Loseling Monastery in Southem
India 1 June 2015 This intiative is a resull of an invitation from His Holiness, The Dalar
Lama. fo bring science education o the education of the monks and represents the first
lime in 700 years that the cummiculum has changed. | spent 2 weeks al the monastery
teaching for 6 hours per dey including microscopy lab ieachmng. | worked with a senes of
lranslators.

23. Supennsory Teaching:

a Residency Program.
Feflowship directar, Critical Care Medicine, Department of Anesthesiclogy 2013-present. | am
chiefly responsible for the education and training of the critcal care feflows in the Department of
Anesthesiology In addition to a multitude of critical care topics, | asssst the fellows in abstract
writing for a national cntical care meeting, grand rounds for the Depariment of Anesthesiology
and a quality improvement project for Graduate Medical Education Day that occurs anruaily m
June.

b Other:
| completed a summer intemship at the Southem Center for Human Rights and also teach law
students on the topic of lethal nfechon.
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c Emory University, Institute of the Liberal Arts, Interdisciplinary Studes
Thesis advisor and honars thesis committee member for student Kaly Mayerson for the project
“Transcultural Pathways and the Literary Imaginadon: The Francophone Footprint in Imperial Russia
and Postcolonial Africa”

24 |ectureships, Seminar Invitations. and Visiting Professorships:

‘The Case of Samuel Golubchuk: Lessons about end-ol-iife decision-making?”

A debate between Doctors Joel Zivot and Adnsn Fine

Wednesday. 18 March. 2009, 12h30-13h30. The Centre for Professional and Apphed Ethics, The
Universily of Mandoba, Winnipeg, Mar.itoba

‘Cardiac oulput after the Pulmonary Atery Catheter” Amencan Academy of Anesthesiologist Assislants
Annual Meeting. Clearwaler, Florida, £pril 2000

“End of Life in the ICLI", Canadian Hosoice Paliiative Care Conference Annual Meeting, wWinnipeg,
Manitoba, Canada. Oclober 2009

‘Reductions in wait times for cardiac s.rgery may be harmiul®, poster presentation. Canadian
Cardigvascular Sociely Annual Meeting, Edmonton, Alberta, Canada, October 2009

‘Biological Vanability” American Socieiy of Anesthesiology, 2009-(! formed a pane! to discuss biological
vanability. My panel consisted of an aresthesiologist, a8 mathematician. and a physicist.)

"End of iffe in the ICU: When the patien! and doctor disagree. .. Province wide heaith care ethics grand
rounds, St. Boniface Research Centre, Winnipeg, Manitoba, Canada. January 2010

‘Mostly dead is sighlly alive, the problem with the dying process” Center for Ethics, Emcry Universily,
2011.

‘Anesthesiology Jeopardyf” Amencan Academy of Anesthesiclogist Assistants Annual Meeting, 2006,
2007, 2008, 2009 2010 2011

‘Queuing Theory. Appiications for Anesthesiology” American Academy of Anesthesidlogist Assistants
Annual Meeting, Destin, Flonda, 2011

‘Cardiac Anasthesia: Mostly we have ' wrong” American Academy of Anesthesiologist Assistants Annual
Meeling, Destin, Fionda, 2011

"End of lile in the ICU. When the patient and doclar disagres™ American Academy of Anesthesiologist
Assistants Annual Meeling, Destin, Flcnda, 2011

*Sedating the cifficult patient® 5" Annual Southeastern Critical Care Summit. Emory University, Aianta,
GA March 2012

‘End of Life Care” IMPACT 2012 American Academy of Physician Assistants Annual Mesting, Toronto.
Canada, June 2012

"Biosimilars, where do wa stand?” Gecrgia Bio and the Georgia Associalion of Healthcare Executives.
September 2012, Allania, Georgra

*Drug Shortages™ Visiting Professar. Rutgers Business School, Newark, New Jersey, November 2012,

‘Deactivating a permanent cardiac device is not physician assisted death”, Procon debate Webinar,
Scciely of Critical Care Medicine, November 2012

‘Drug shortages: The invisibie hand of the Marke!” New Horizons in Anesthesiology, Vail, Colorado,
February 2013

‘Hey Anesthesia is a compliment, not an insult: the case for protocals” New Honzons in Anesthesiology,
Vaf, Colorado, February 2013
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“Pro/Con: Death Panels in End of Life Care™ New Horizons in Anesthesiology, Vail, Colorado, February
2013

“Hockey Violence and Killer Apes: Conflict Management in the Operating Room” New Horizons in
Anesthesiology, Vail. Colorado, February 2013

"Drug Shortages, a failed market” Amencan Sociely of Anesthesiology Legislative Conference Annual
Meeting, Agnl 2013, Washington, DC

“Lethal injection in the death penally”, Georgia Law Society and the Southem Center for Human Rights,
Atlanta, Georgia, July 2014

“Identifying and managing futile care n the ICU”, 10" Annual South Easter Critical care Surmmit, May
2016, Atlanta, Georgia

*Capital Punishment and Lethal Injecton’, Georgia State School of Law, Altanta, Georgia, September
2016

“The Ethics of Drug Pricing”, GEM annual meeting, Georgia Socety of Ophthalmology, February 2017

“Bumnout: don'l thank me for normal work™, American Academy of Anesthesiologist Assistanls annual
meeting, March 2017

“Too sick lo be executed” Amernican Academy of Anesthesiologist Assistants annual meeting, March 2017

25. Invitations to National or Internatonai Conferences:

University of Richmond Law Revew. Allen Chair Symposium, 2014,
“The Death Penally in the Uniled States”.

Yale Law School, March 2015
“Lethal imection”

The Fordham Law Review, Fordham Law School, February 2016
“Criminal Behavior and the Brain. When Law and Neuroscience Collide”

American College of Comectiona: Physicians

Falt Educational Conlerence

October 2016

Las Vegas, Nevada

“Physician participation i executions: A discussion ot the Ethical Challenges and the Pros and
Corns, a pro-con debate between Dr. Carlo Muso and Dr. Joel Zivot

"Prescribing Price: The Ethics, Science, and Business of Drug Development and Pricing
Panelist

Emory Conference Center, November 2016

Aflanta, Georgia

Emory Center for Ethics

“The First Intermational Emory Tibet Symposium: Bridging Buddhism & Science
Crepung Loseling Monastery

Karnataka State, India”

Panelist: What is kife anid what are s origins?
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EXHIBIT 5
ATTACHMENT 2
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DECLARATION OF JOEL ZIVOT, MD

. 1 received my Doctor of Medicine from the University of Manitoba, Canada, in 1988.

From 1989-1993, | was a resident in Anesthesiology at the University of Toronto,
Department of Post Graduate Medical Education, and from 1993-1995, | completed an
additional residency in Anesthesiology and a Fellowship in Critical Care Medicine at the
Cleveland Clinic Foundation. Department of Anesthesiology in Cleveland, Ohio.

I hold an active medical license from the State of Georgia and have held unrestricted
medical licenscs in Ohio. the District of Columbia. Michigan, and the Canadian
provinces of Oniario and Manitoba. I also hold an active license to prescribe narcotics
and other controlled substances from the federal Drug Enforcement Administration
(DEA).

] hold board certification in Anesthesiology from the Royal College of Physicians and
Surgeons of Canada and the American Board of Anesthesiology. 1 am also board certified
in Critical Care Medicine from the American Board of Anesthesiology.

| have served as the Medical Director of the Cardio-Thoracic Intensive Care Unit and the
Fellowship Director for Critical Care Medicine at Emory University Hospital. I am an
Associate Professor of Anesthesiology and Surgery at the Emory University School of
Medicine and an adjunct Professor of Law at Emory University Law School.

| have practiced anesthesiology and critical care medicine for 22 years, and, in that
capacity, | have personally performed or supervised the care of more than 42,000
patients.

| am, by reason of my experience, training, and education, an expert in the fields of

anesthesiology and critical care medicine. The opinions that follow are within my field of
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expertise, and are stated 10 a reasonable degree of medical and scientific certainty unless
otherwise noted. | believe that my ethical duties prevent the participation in lethal
injection. The opinions below express my medical opinion regarding the risks of the
lethal injection procedure designed by the state and should not be construed as an attempt
to assist the state in developing a better way tc perfonn executions.

At the request of counsel. | reviewed Arkansas’s lethal injection procedure, titled
“Attachment C.” Based on the review of that document, and my medical training and
experience, | offer the following opinions.

The state of Arkansas uses a three-drug protocol involving Midazclam, Vecuronium
Bromide, and Putassium Chlgride.

The use of Midazclam is an inappropnate drug for lethal injection. In a surgical setting it
is used as a sedative and in combination with other drugs. It is not used on its own to
induce general anesthesia and is not capable of rendering a patient unaware or insensate
to pain. The company that created Midazolam never contemplated that it would be used
in the execution of prisoners.

Midazolam is prepared as a liquid and the solution is rendered at a pH of 2.5-3.5 Suong
acids like Midazolam risk precipitation when mixed with weak acids or bases. The pH of
normal saline is 5-6 and the mixing of Midazolam with normal saline runs the real nsk of
the formation of a salt precipitate. This precipitate compound will risk the obstruction of
the intravenous preventing any further drug administration. Midazolam precipitate is
pharmacologically inactive and will lower the total amount of Midazolam delivery in a

completely unpredictable tashion.



.
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Midazolam injection in large doses as contemplated in the Arkansas lethal injection
protocol has been associated with paradoxical hyper-reactivity reactions. This
paradoxical reaction will be seen as intense agitation and movement. In this state,

increasing the dose of Midazolam will only further exacerbate this agitation.

. Vecuronium Bromide is a paralytic that, when administered. blocks the capacity of

movement in a particular group of muscles known as skeletal muscles. Paralytics act only
on skeletal muscles and have no effect on smooth or cardiac muscle. The inability to
breathe as a consequence of Vecuronium induced muscle paralysis would be akin to the
experience of suffocation. A person would still have the desire and need 1o breathe but
would be completely unable to do so. Midazolam will not in any way block the sensation
for the need to breathe.

Potassium. availabic as Potassium Chloride. is a naturally occurring element neccssary
for normal bodily functions in a rumber of human physiological systems. Of importance
here is the effect of Potassium Chloride on the heart. As potassium rises outside of the
heart cell. depolarization is increasingly blocked until a point at which the heart cell is
essentially held in place and cannot contract. At his point, the heart ceases to function in
any capacity. The lack of heant muscle contraction causes the blood pressure 1o drop. The
lack of blood flow, which carries oxygen 10 each cell in the body, ceases and progressive
and rapid multi-organ failure ensues. Potassium Chloride. when injected into the body.
produces an intense buming sensation of the veins. Midazolam is not a pain reliever in

any dose and is insufficient to prevent the experiencing of burning by the prisoner.
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As a general matter. my review of the protocol shows that the execution process involves
multiple complex tasks that. to be done without risking serious injury to the prisoner,

require a high-level of skill and training.

. 1 am aware the Arkansas Department of Correction has a supply of Midazolam that lists

the expiration date as April 2017. My understanding of expiration dates and drug potency
is based on my years of medical training and practice. An expiration date is an estimate
of the date at which the drug manufacturer expects thar the drug will either change or
transform into something that 1) loses its efficacy or 2) becomes poison. Asa
practitioner, I would not use a drug in the month at which it is stated to expire. I do not

feel confident that it can be relied upon to perform its expected function.

. Arkansas’s lethal injection protocol calls for the preparation of syringes at a difterent

location in advance of the execution. In my opinion. this practice creates a needless risk
of contamination or degradation of the chemicals. An ampule of Midazolam, or any other
sterile injectable compound, is steri.e while it is in the ampule. As soon as the seal is
broken, it is no longer sterile. In my practice, I would insert the syringe into the ampule,
draw the solution into the syringe, and inject it immediately. The delay used by the
protoco! creates the risk that the drug will be mislabeled. contaminated, and at increased
risk of falling out of solution as a precipiate.

Setting of Vs is crucial to the successful delivery of a substance into the circulatory
system. Multiple or unsuccessful attempts to set an |V can cause perforations in the veins
and infiltration of the tissue surrounding the vein. When this happens, the substance that
was meant to circulate throughout the body will instead pool in the tissue and not reach

the systems of the body necessary for it to have its intended effect.



18.

Insertion of a central line is a complicated medical procedure that is not done by nurses,
or EMTs. A physician’s assistant may insert a central line under the supervision of a
physician. The central line accesses the circulatory system through a large vein in the
neck. chest, or groin. The vein accessed through a central line is not visible to the eye
through the skin. In order to safely place a central line in a clinical sening, I would use an
ultrasound machine and a central line kit. The lethal injection protocol allows for the
placement of a central line with no way of determining where the prisoner’s vein is and
no clear expertise within the personnel of the execution team. Blindly stabbing at the
neck, chest, or groin could hit an artery or a nerve, causing pain and blood loss. A
misplaccd central line may be hard to verify and an individual placing this linc may be
under a false impression that the line is properly positioned. In a clinical sefting, a follow
up chest x-ray is required prior to using a central line that has becn placed in the chest 1o
verify the proper placement and rule out the presence of a collapsed lung. Such lung
collapse when occurring can lcad to a tension pneumothorax that can be in itself fatal.
Death in this circumstance would be as a consequence of suffocation and cardiovascular

collapse.

. The amount of liguid Midazolam called for in the protocol is roughly a third to a half of

the volume of liquid in a standard Styrofoam cup. The plan calls for it to be injected in
two syringes. The syringes will have to be quite large. Pushing that amount of liquid out
of such a large syringe creates a great amount of pressure at the point where the liquid
exists the syringe. A vein can only withstand so much pressurc. When a large amount of
fluid runs into a vein, especially at a rapid rate. the vein can rupture. In a clinical setting

2-4 mg would normally be administered over a minutc. The Arkansas lethal injection



protocol intends to inject 10-20 times this quantity over the same length of time. A real
danger exists to vein patency and serious pain on injection. In a clinical setting, in order
to modulate the speed of the injection, and prevent rupture, | would sit by the side of the
patient and look at their vein while ] was plunging the drug. | understand that the
Arkansas lethal injection procedure calls for the person plunging the syringe to be in a
separate room from the inmate. Viewing a vein through a window will not allow a person
to have adequate sight of the vein in order to prevent rupture and properly modulate the
injection.

. The protocol purports to require that the inmate be determined to be “"unconscious™ afler
the administration of the Midazolam. “*Unconscious” is an exceedingly vague lerm in
scientific circles. The protocol does not provide any guidance 1o the execution team to
judge whether the prisoner is “unconscious.” General anesthesia is not same thing as
“unconsciousness.” General anesthesia is a state in which a person can undergo noxious
stimuli and 1) does not experience it in the moment and 2) does not recall it. In contrast, a
person can be seemingly unresponsive and still experiencing stimulus. Certain noxious
stimuli will lifl a person from what might at first glance appear to be a statc of
unresponsiveness. Many people have had the experience of not being awoken by their
alarm clock but hearing the alarm clock in their dreaming state. An outside observer
would have no way of knowing that the sleeping person was hearing the alarm clock.
This example shows that simple observation is insuflicient to determine levels of
anesthesia and has no capacity 1o confirm the sort of unresponsiveness contemplated by

the lethal injection protocol.
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An anesthesiclogist is as much of an expert in consciousness as vou can find. However,
neither 1, nor my peers, would ever attempt to assess anesthetic level by visual inspection
alone. In a hospital setting, | would not give the okay for a surgeon to cut a patient just by
looking at them. Instead, | use equipment to measure physiological signs such as heart
rate, blood pressure, brain activity, before allowing painful procedures to proceed. In
addition. it is important to continually monitor anesthetic depth as it is dynamic. There
may be subtle physiological changes in the body that show that a person is reacting to
painful stimuli. For example, if the heart rate increased from 60 bpm to 70 bpm, that
would be a signal that 1 may need to give additional medicine. The protocol provides for
no modification based on inmate signs and symptoms afler the 500 mg of Midazolam has
been injected. The well-known ceiling effect of Midazolam renders additional dosage
completely superfluous.

It is my professional opinion that because the protocol uses a sedative rather than an
anesthetic, fails to use personnel trzined in assessing anesthetic depth, fails to instruct the
personnel on signs of consciousness, and fails to provide equipment necessary 1o judge
anesthetic depth. there is a serious risk that the prisoner will be able to teel and
experience the injection and the effects of the Vecuronium Bromide and Potassium

Chlonde.

. 1 have a great concern that the protocol does not provide a plan for resuscitation or

antidote of the chemicals in the event that the execution fails. Based on my training and
experience. | expect that the prisoner will never reach general anesthesia with the
injection of Midazolam. | think a likely scenario is that after the first injection ofthe

Vecuronium Bromide the prisoner will move, gasp, or otherwise show signs of



awareness. If this happens, and the Vecuronium Bromide is not reversed, the prisoner
will suffocate. Vecuronium Bromide does have an antidote, Sugammadex. A safeguard in
the event that the prisoner shows any signs of movement that will indicate awareness or
“conscicusness”’ would be an injection of Sugammadex.

24. It is also possible that the Midazolam may need to be reversed. Midazolam on its own is
not a fatal drug, but it can cause airway collapse or cause confusion and lack of
awareness in the patient that would cause them to fail to clear their own airway and
choke. Midazolam can be reversed with Flumazenil.

25. Potassium Chloride can also be reversed through the sequential injection of insulin, D-50
{dextrose and water), and calcium chloride.

26. In order to maximize the effects of the antidotes, the prison would zlso need to have on
hand gualified personnel to start life-saving measures and have immediately available
oxvgen and a mask, an Ambu bag. a nerve stimulator to measure the degree of
neuromuscular blockage. cardiac monitoring, pulse oxymeter and a blood pressure cuff.
If the inmate is a diabetic, the prison would also need equipment and medicine w
measure and treat abnormal blood sugar.

I swear that the foregoing is true and correct 1o the best of my knowledge under penahty of

perjury under the laws of the t inited States and the State of Arkansas.

March 24, 2017
Date Joel Zivot. M.D.
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Nitrogen Induced Hypoxia

Executive Summary

At the request of Oklahoma State Representative Mike Christian, the authors of this study
researched the question of whether hypoxia induced by nitrogen gas inhalation could serve as a
viable alternative to the current methods of capital puaishment authorized under Oklahoma law.
As per the above, this study does not express an opinion on the wider question of whether
Oklahoma should continue to administer capital punishment in general. The scope of this study
is limited to the assumption that capital punishment will continue to be administered in
Oklahoma, and given that assumption, analyzing whether hypoxia via nitrogen gas inhalation
would be an effective and humane alternative to the current methods of capital punishment
practiced in Oklahoma law.

This study was conducted by reviewing the scientific, technical, and safety literature related to
nitrogen inhalation.

The study found that:

1. An execution protocol that induced hypoxia via nitrogen inhalation would be a humane
method to carry out a death sentence.

2 Death sentence protocols carried out using nitrogen inhalation would not require the
assistance of licensed medical professionals.

3, Death sentences carried out by nitrogen inhalation would be simple 10 administer.

4. Nitrogen is readily available for purchase and sourcing would not pose a difficulty.

S. Death sentences cartied out by nitrogen inhalation would not depend upon the cooperation of
the offender being executed.

Accordingly, it is the recommendation of this study that hypoxia induced by the inhalation of
nitrogen be of fered as an alternative method of sdministering capital punishment in the State of
Oklahoma.

The views expressed in this study are solely those of its authors and do not necessarily reflect
those of the university at which we are affiliated.
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Introduction

Nitrogen is an inert gas that at room temperature is colorless, odorless, and tasteless. It is
the most common gas in the earth's atmosphere, comprising 78.09% of the air that humans
breathe on a regular basis.

When combined with the normal 20.95% oxygen found in the atmosphere, nitrogen is
completely safe for humans to inhale. However, an environment overly enriched in nitrogen will
lack the appropriate level of oxygen necessary for human survival and will thus lead to hypoxia
and rapid death. (U.S. Chemical Safety and Hazard Investigation Board, 2003, p.1).

Nitrogen hypoxia has been suggested as a means of administering capital punishment in
the popular media on previous occasions. For example, in1995 the National Review featured an
article by Stuart Creque titled Killing With Kindness: Capital Punishment by Nitrogen
Asphyxiation (1995). Creque’s article was written in response to a &th Circuit U.S. District Count
decision that California’s gas chamber was an unconstitutionally cruel and unusual punishment.
The article suggested nitrogen couid provide a simple and painless alternative to the gas chamber
that would require no elaborate medical procedures to administer.

The idea of administering capital punishment via nitrogen hypoxia resurfaced more
recently in a Tom McNichol Slate magazine article titled Dearh by Nitrogen (2014). The article
was inspired by the stay of execution issued by the U.S. Supreme Court for a Missouri man
facing execution via lethal injection. Again, the author suggested nitrogen induced hypoxia as a .
painless alternative to traditional methods of execution, adding that it offered the additional
benefits of requiring no medical training to administer and lacked any of the supply issues that

exist with lethal injection.
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The capital punishment protocols cited that utilize nitrogen to administer a death sentence
do not actually rely on the nitrogen itself to bring about death. Nitrogen simply displaces the
oxygen narmally found in air and it is the resulting lack of oxygen which causes death. Without
oxygen present, inhalation of oniy 1-2 breaths of pure nitrogen will cause a sudden loss of
consciousness and, if no oxygen is provided, eventually death. (European Industrial Gases
Association, 2009, p. 3).

Since nitrogen has not previously been used for capital punishment there is a lack
scientific literature that specifically addresses its performance for that purpose. However, there
have been medical experiments which involved human subjects breathing pure nitrogen until
they became unconscious. Beyond those experiments, most of the data related to nitrogen
induced hypoxia comes from documented suicides in humans and research in high altitude pilot
training.

Author's Note: in some cases the lay press will inadvertently refer to hypoxia as

asphyxiation. This is technically inaccurate in this coniexi. as asphyxia is the inability to

breathe in oxyget and the inabiliry 10 exhale carbon dioxide. Hypoxia is the pathology
related to the inability to intake oxygen even though one may siill be able

to exhale carbon dioxide. As will be seen later. the ability to exhale carbon

dioxide is crinical to the proposed method of execution, as if prevents the
acidosis normally associated with asphyxiatio..

Medical Literature

The adult brain uses about 15 per cent of the heart’s output of oxygenated blood
(Graham, 1977, p.170). Hypoxia is the condition of having 2 lower-than-normal amount of
oxygen in the blood. Anoxia is an extreme form of hypoxia in which there is a complcte absence

of oxygen in the blood (Brierley, 1977 p.181). If the supply of oxygen in the blood is reduced
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below a critical level it will result in & rapid loss of consciousness and eventually irreversible
brain damage will occur {Graham, 1977, p.170).

A complete immediate global loss of oxygen to the brain, (a scenario in which no residual
oxygen in the lungs or blood is delivered to the brain), will result in a loss of consciousness in
eight to ten secaonds, and a loss of any electrical output by the brain will occur a few seconds
later. The heart may continuc to beat for a few minutes cven after the brain no longer functions
(Brierley, 1977 p.182).

Ernsting (1961) performed a study on human volunteers that hyperventilated on pure
nitrogen gas. The subjects performed the test multiple times, varying the length of time they
inhaled the nitrogen. When the subjects inhaled nitrogen for eight-to-ten seconds they reported a
dimming of vision. When the period was expanded to fifieen-to-sixteen seconds, the subjects
reported some clouding of consciousness and impairment of vision. When the tests were
cxpanded 10 sevenieen-t0-twenty seconds, the subjects lost consciousness. There was no reported
physical discomfort associated with inhaling the pure nitrogen. (p. 295)

Unlike asphyxiation, hypoxia viathe inhalation of nitrogen allows the body to expel the
carbon dioxide buildup that is normally associated with the respiratory cycle. This helps prevent
a condition known as hypercapma - an accurnulation of carbon dioxide in the blood. The result
of this buildup of carbon dioxide is respiratory acidosis - a shifting of the ph levels in the blood
to become more acidic. This is the pathclogy many people associate with suffocating. Some of
the symptoms of respiratory acidosis are expected to be present in cases of asphyxiation. but not

expected to be present under pure hypoxia are anxiety and headaches, (Merrick Manuel, 2013).

Suicide Data
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Perhaps one of the greatest testaments to both the bumanity of nitrogen induced hypoxia
as well as the case of administration is its rapidly gaining popularity as a self-selected means of
suicide. Suicide by hypoxia using an inert gas is the most widely promoted method of htman
euthanasia by right-to-die advocates (Howard, M.O. et. al., 2011, P_61).

The trend toward using an “exit bag” filled with an inert gas such as nitrogen or helium
likely started with a publication of Final Exit. The Practicalities of Self Deliverance and Assisted
Suicide for the Dying. The authors of the publication sought to identify metbods of death that
were swift, simple, painless, failure-proof, inexpensive, non-disfiguring and did not require a
physician’s assistance or prescription (Howard, M.O. et. al.. 2011. p 61).

This method of suicide is indeed simple. [t involves a clear plastic bag fitted over the
head. two tanks filling the bag with helium via vinyl tubing, and an elastic band at the bottom of
the bag to prevent the bag from slipping off the head. The parts needed to create the bag are

inexpensive and available locally without prescription (Howard, M.O. et. al., 201 1. p 61-62).

Reports of deaths observed via this method suggest that it is painless. Jim Chastain, Ph.D.

President of the Final Exit Network of Florida described the process this way:

In the several events 1 have observed the person breathes the odorless, tasteless
helium deeply about three or four times and then is unconscious. no gagging or gasping.
Death follows in 4-5 minutes. A peaceful process.

Derck Humphrey, current chair of the Final Exit advisory board is quoted as saying:

In the approximate 300 cases which have been reported to me there bhas never
been mention of choking or gagging. When 1 witnessed the helium death of & friend of
mine itcould not have been more peaceful (Final Exit, 2010).

However, it should be noted that deviations from the above protocols have not always
been as successful. When masks were placed over the face (instead of using bags of helium over
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the head) it has been reported some problems have occurred. This is typically a result of the
mask not sealing tightly to the face, resulting in a small amount of oxygen being inhaled by the
individual, This extends the time to become unconscious and extends the time to death. This may

result in purposeless movements by the decedent (Ogden et al, 2010. p 174-179).

Research on High Altitude Pilot Training

A great deal of research on the effects of hypoxia on human beings comes from
aerospace medicine. Pilots that fly at high altitudes are subject to becoming hypoxic if their
cabins lose air pressure. Altitude hypoxia has similar effects as the hypoxia one gets from
breathing inert gases although it is caused by the inability of the lungs to absorb the oxygen in
the air rather than a lack of oxygen in the air.

The Federal Aviation Adininistration (2003, p. | 1) states:

Hypoxia is a lack of sufficient oxygen in the body cells or lissues caused
by an inadeguate supply of oxygen, inadequate transportation of oxygen, or
inability of the body tissues to use oxygen. A common misconceplion among
many pilots who are inexperienced in high-altitude flight operations and who
kave not be exposed to physiological training is that it is possibie to recognize the
symptoms of hypoxia and to take corrective actions before becoming seriously
impaired. While this concept may be appealing in theory, it is both misleading
and dangerous for an untrained crew member. Symptoms of hypoxia vary from
pilot to pilot, but one of the earliest effects of hypoxia is impairment of judgment.
Other symptoms can include one or more of the following:

{1) Behavioral Changes (¢.g. a sense of euphoria).

(2) Poor coordination.

(3) Discoloration 1n the fingernails (cyanosis).

(4) Sweating.

{5) Increased breathing rate, headache, sleepiness. or fatigue
(6) Loss or detenioration of vision

(7) Light-headedness or dizzy sensations and listlessness.
(8) Tingling or warm sensations.
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Indeed, hypoxia has caused several airline accidents which are often fatal. The onset of
hypoxia is typically so subtle that it is unnoticeable to the subject. The effects of hypoxia are
often difficult to recognize. (Federal Aviation Administration, 2614, Ch. 8-1-2(A)5)

Attcmpts to train pilots to notice hypoxia are conducted using a hyperbaric chamber to
simulate high altitudes. Often a trainee will be asked to remove his or her mask and perform
simple tasks. At low Jevels of hypoxia, trainees typically feel little more than euphona and a
sense of confidence. At higher levels of hypoxia, trainees will quickly become unconscious.
Time of useful consciousness at altitudes above 43,000 is 5 seconds (Federal Aviation

Administration, 2003, p. 13).

Findings
Based on the review of the literature related to hypoxia induced by inert gases. this study makes
the following findings:

1. An execution protocol that induced hypoxia via nitrogen inhalation would be a humane
method to carry out a death sentence.

2. Death sentence protocols carried out using nitrogen inhalation would not require the
assistance of licensed medical professionals.

3. Death sentences carried out by nitrogen inhalation would be simple to administer.

4. Nitrogen is readily availabie for purchase and sourcing would not pose a difficulty.

5. Death sentences carried out by nitrogen inhalation would not depend upon the cooperation of
the offender being exccuted.

6. Use of nitrogen as a method of execution can assure a quick and painless death of the offender

Finding 1. An execution protocol that induced hypoxia via nitrogen inhalation would be a
humane method to carry out a death sentence.

Rationale:
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As ap inert gas, nitrogen is odorless, colorless, tasteless and undetectable to human
beings. It is 78% of the air we breathe on a daily basis, and thus there is little chance that any
subject would have an unusual or ailergic reaction to the gas itself.

Because the subject is able to expe] carbon dioxide, the anxiety normally associated with
acidosis in asphyxiation would not be present.

The literature indicates after breathing pure nitrogen, subjects will experience the
following: within eight-to-ten seconds the subjects will experience a dimming of vision, at
fifieen-to-sixteen seconds they will experience a clouding of consciousness, and at seventeen-to-
twenty seconds they will lose consciousness. There is no evidence to indicate any substantial
physical discomfort during this process.

There is a possibility that subjects will feel euphoria prior to losing consciousness and a
slight possibility they will feel a tingling or warm sensation. Afier the subjects are unconscious,
it should be expecied some of the subjects will convulse. Most electrochemical brain activity
should cease shortly after loss of consciousness, and the heart rate will begin to increase to
varying degrees until it stops beating 3 to 4 minutes later. Observed suicides involving inert gas
hypoxia are described as peaceful, so long as caution is taken 1o eliminate the possibility of the
subject inadvertently receiving supplemental oxygen during the process. Inert gas hypoxia is
considered such a humene and dignified process to achieve death that it is recommended as a

preferred method by right-to-die groups.

Finding 2 Death sentence protocols carried out using nitrogen inhalation would not
require the assistance of licensed medical professionals.

Rationale:
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The administration of a death sentence via nitrogen hypoxia does not require the use of a
complex medical procedure or pharmaceutical products. The process itself, as demonstrated by
those who seek euthanasia, requires little more than a hood sufficiently attached to the subject’s
head and a tank of inert gas to create a hypoxic atmosphere.

While a state exccution would likely have a more claborate mechanism to create hypoxia,
nothing in the process would require specialized medical knowledge or the use of regulated
pharmaceutical products. Accordingly, except for the pronouncement of death, the assistance of

licensed medical professionals would not be required to execute this protocol.

Finding 3. Death sentences carried out by nitrogen inhalation would be simple to
administer,
Rationale:

When considering a substitute method of capital punishment it is important to consider
more than just what happens if everything goes according to protocol. The likelihood of mishaps
must also be considered, as well as the consequences that would flow if those mishaps should
OCCUr.

Because the protocol involved in nitrogen induced hypoxia is so simple, mistakes are
unlikely to occur. Oxygen and nitrogen monitors may be placed inside the contained
environment to insure the proper mixes of gas are being expelied into the bag and inhaled by the
subject.

However, the protocol should be careful to prevent the possibility of oxygen entering into
the hood, as that can prolong time to unconsciousness and death, as well as increase the

possibility of involuntary movements by the subject.
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The risks to witnesses are minimal, as any potential leak of the nitrogen would not be

harmful in a normally ventilated environment.

Finding 4. Nitrogen is readily available for purchase and sourcing would not pose a

difficulty.

Rationale:

Nitrogen is utilized harmlessly in many fields within United States industries. Nitrogen is
used in welding, hospital and medical facilities, cooking, and used in the preparatior of liquid
nitrogen cocktails. Nitrogen is used as a process to extend the life of food products such as potato
chips. Nitrogen is used in doctor’s offices to remove skin tags as well as other procedures.
Accordingly, sources of nitrogen to be used for administering a death sentence should be easy to

find and readily available for purchase for such purpose.

Finding $. Death sentences carried out by nitrogen inhalation would not depend upon the
cooperation of the offender being executed.
Rationale:

Some forms of capital punishment require the offender to subemit or comply to some
degree in order to assurc an efficient and humane method of execution. With proper protocol and
utilizing such devices as a restraint chair, nitrogen inhalation can be admunistered despite the
presence of a non-compliant offender. The use of nitrogen can be used by non-medical personnel

and a delivery system can be designed to ensure the execution is carried out without issue.
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Conclusion
As per the above, it is the recommendation of this study that hypoxia induced by the inhalation
of nitrogen be offered as an alternative method of administering capital punishment in the State

of Oklahoma.
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Death by Nitrogen: Will This New Method of Execution Save the Death Penalty?
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Killing with kindness - capital punishiment by nitr ogen asphyxiation {100 old t reply)
Philbert 9 years ago
hitp/Awww.findarticles.com/p/artickes/mi_m1262/s_n17_v47/ai_17374449

Capital punishment needn’t be cruel or unusual — espedially Iif you use
nitrogen asphyxiation to put people to sleep.

LAST October, Judge Mariyn Hall Patel of the Sth U.S. District Court ruled
that execution in Calfornia's gas chamber is a farm of cruel and unusual
punishment, the first ruling ever by a state or federal judga to invalidate

a method of execution an Eighth Amendment grounds. She noted that the
evidence showed that the condemned man might remain conscious for several
minutes, experiencing the emotions of “anxlety, panic, terror,’ as well as
‘exquisitely painful muscie spasms' and ‘mtense viscerat pan.’

On its face, Judge Patefs ruling applies only to the gas chamber, but every
method of execution n current use nvolves toxic chemicals or physical
trauma to induce death -- and every method can go awry. An ideal hanging
snaps the condermned man's neck cleanly; a bolched one either strangles him
slowly or severs the head entrely from the body. A firing squad that misses

its mark lkeaves the condermned man conscious as he bleeds to death. In the
electric chair, according to eyewitness accounts, some condemned men have
iteralty been cooked untll their fiesh was charred and foosened from the

bone; some had sparks and flame emanating from their cranial-cap electrodes.

Besides society's concern for the condemned man's physical suffering, all of
these methcds implicitly require an executioner to inflict some degree of
trauma upon the condemmned Concem for the executioner's conscience drives
such customs 2s loading ane of the guns for a fiing squad with a blank
cartridge, so that each member of the squad can imagine that his wil be the
nor-lethal shot. And with lethal njection, the executioner's use of skils

and procedures normaky devotad 10 ife-saving poses ethical questions for
medical caregivers.

Given these defects, abolitionists wil presumably press to have each of
these methods dedared "cruel and unusual’ The intended result of these
efforts is to make the death penalty unconstitutional in practice, even if

it remeins constitutional in theory.

R s in fact possible to concelve of a method of execution that would cause

neither pain nor physical trauma, require no medical procedur e (other than
pronauncing death), and use no hazardous chemicals. A case of accidental

httpe//alt suicide.methods. narkive.com/G72bum n/killing-with-kindness-capital-punishment-... 1/8/2015
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death suggests such a method.

Earty in the Space Shuttie program, a worker at Kennedy Space Center waked
into an external fuet tank (a vessel nearly as big inside as a Boeing 737)

to inspect it He was not aware that it had been purged with pure nitrogen

gas 10 pravent oxygen in the alr from corroding its interior. Since nitrogen

is the major component of ordinary air, pure nitrogen has no distinctive

feel, smed, or taste; the worker had no indication that anything wes out of

the ordnary. Aller walking a short distance into the ‘ark, he lost

consciousness and cotlapsed A co-worker, not realizing that his collapse

had an external cause, ran into aid him and succumbed also. By the time
other workers realzed what was happening, the two men were dead.

More recently, a bizarre accident involving nitrogen killed two people in

the Bay Area They had stolen from a hospital a gas cylinder containing what
they thought was laughing gas. However, the cyiinder contained not the
anaesthetic nitrous oxide but pure nitrogen. Ywhen the two men stopped ther
car to pariake of thelr booty, the nitrogen gas disptaced the air in the

car, leaving them without oxygen. Had they had any indication of the
problem, they could have saved their ives simply by opening the car doors.

These deaths were simiar in cause to a refatively common drowning accident
known as shallow-water blackout. mentioned specifically in certification
classes for recreational scuba diving When a person is skin diving (that

is. without scuba gear), his bottom time is limited by how long he can hold
his breath. Cccasionally, a skin diver wil attempt tolengthen the time he

can slay under by hyperventiiating before a dive. Unfortunately, this can

lead 1o his l0sing consciousness underwater, sometimes ony a few feet
befare reaching the surfaca.

THE connection between nitrogen asphyxiation and shallow-water blackout bes
in human respiratory physiology. When you hold your breath, you begin to
develop a powerful urge to treathe This is caused not by the depletion of
oxygen from your body, but by the bulldup of carbon dioxide in your
bioodstream, which changes the pH of the blood The ambitious skin diver
“blows off most of the carbon dioxide in his bloodstream when he
hyperventiiates; as a resut, he notices the urge to breathe much later than

he normally would, at a point when his biood oxygen is dangerously low. K

his biood oxygen falls too low before he reaches the surface, he blacks out
and drowns. Because the Kennedy Space Center workers continued to extale
carbon dioxide with each breath, neither of them naticed an unusual urge to
breathe, even though they were completely deprived of oxygen.

MIrogenasphyxiaﬂmlsauiquaytode.Thevicﬁnisnotmcked bya
d\okhgsmsauonorabunhgmgetobreaﬂn.bmasfaasﬁsbody

T ot animide msthads norbiue A i1 Themin A lina anth bindnane nenitn] ctnicheans oMM e
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knows, he is breathing normafly. Carbon dioxide i not buiding up in his
bioodstream, so he never reaizes that anything is wrong, nor does he
experience any discomfort; he simply passes out when his blood oxygen falls
too ow.

Nitroger: asphyxiation is therefore a perfect method of execution. K uses a
cheap and universally available working medium that requires no special
environmental precautions for its storage and disposal. Its first symptom is
loss of conscious sensation, a primary goal in a humane execution it
invoives no physical trauma, no toxic drugs; the executed man's organs will
even be suitable for donation, a factor cited in a recent stay of execution
for a Georgia killer.

Assuming that the prisoner’s guilt has been sufficently proved, nitrogen
asphyxation is perhaps the most gentle way to deal with him. A condemned
man awailing death by nitrogen asphyxiation would experience no more pain or
suffering than he created in his own mind.
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Maybe even go out laughing.
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Maybe aven go out laughing.
- nubbins -

You're thinking of nitrous oxide aka laughing gas. The article is about

nitrogen.
nubbins 9 years ago
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Maybe even go out laughing.
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You're thinking of ritrous oxide aka taughing ges. The articke is about

nitrogen.
You are absolutely correct, sir. I was not paying due attention. Gets
me in trouble in class all the time. Who would mind if a doctor
diagnosed onychomycosis as cryptorchidism, really? Details, details.

- nubbins -

d*** @hotmail.com 9yearsago

Awesome article. I think you just solved the puzzle for me. Tharnk you.
Philbert 9years ago

Google nitrogen suicide for a lot of stuff. Basically people find that
euthanising animals works pretty well using nitrogen, plus it's safe to
use

unless it's in a very high concentration.

Rabbits don't like nitrogen because they have adaptive traits for living
in
holes where nitrogen can build up, unlike other animals and humans.

On 4/6/06 3:25 PM, in article

Puost by & @hotmail.comn
Awesome article. | thirk you just soived the puzzle for me. Thank you.

slunky 9 years ago

Thanks for finding an article on it. I've been saying it for weeks, and
was starting to wonder if I had just imagined it or what.

-shnky
Cesar 9 years ago

Tharks for the great post and it was interesting and informative. I
have concern that when the death penalty is ruled out as cruel and
irhumane, it leaves the potential that the prisoners on death row could
at sore point get release and re-enter scciety. When prisons become

too full, it can be ruled that a certain amount of prisoners be
releasec early. In the years to come, laws could change and see a
prisoner sentenced to death instead getting a life sentence of 20 years
then getting out. Of course, it would help those that were wrongly
convicted in the first place.

Jimmy 9 years ago

httn//alt snicide methads narkive. com/GT? huminkilline-with-kindnesecanital-mmichment.  1/R/2014
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1 introduction

EIGA is very concerned about the accidents thal industrial gas companies and users of inert gases
continue 10 report each year, where the direct cause has been lack of oxygen resuting in
asphyxiation. EIGA identified that existing information on the hazards of inert gases was not
sufficiently drected at the users who were most at risk. This document sets out the essential
information that ks necessary to prevent asphyxiation accidents involving inert gases.

2 Scope and purpose

It is iltended that this docurnent i used as a training package suitable for supervisors, line managers,
drect workers and users wherever inert gases are produced, stored, used, or where oxygen depletion
could otherwise ocour.

This document has 4 paris

The main document is intanded for fine managers and supervisors and gives the background of the
subject, the typical description of orygen deficiency accidents and the recommended rescue
preparations to be in piace in case of accident

Appendix A i3 8 simpified summary of the main document, designed to be reproduced as a pamphiet
for sharing with workers and end users.

Appendix B gives an introduction to rescue considerations from normaly accessible rooms, confined
spaces Of pits and trenches.

AppmdxCitsmachdaocMtht&mphcohrmmwhbhmblunda:
exampies {0 underiine the potentialty faial hazards of inert gases

Appendix D gives an exampie of 3 waming sign or poster to highlight the hazards of inert gases and
asphyxiating atmospheres.

3 Definitions

Asphyxiation: the effect on the body of inadequate axygen, usualty resulting in loss of consclousness
andfor death. This is ais0 knOwn as suffocation o anoxia.

Asphyxiant: any material which reduces the amount of avaitable cxygen either by sirple dilution or
by reaction.

inert gas: A gas thet is not toxdic, which does not support human breathing and wisch reacts ktie of
not at all with othef substances. The common inerl gases are nitrogen and the rare gases Be heldum,
argon, neon, xenon and kryplon.

Flammable gas: a gas whoss major hazard is tammability. Note that 2 flammable gases also act 25
asphyxiants.

Um;lattewpo&cdﬂisdocmtﬂistumcovasmiﬂﬁmowpariuorolru
organisatiomlm!mahmofhprmusddbyhmmidgasmtbutrmyquao
not necessarily, custamers.

4 Genern! infonmation about inert Gases and Oxypen Depletion

In spite of the weatth of iInformation avadable, such as booklets, fims and audio-visual aids, there are
stil serious accidents resultng in asphyxiation caused by the improper ute of inert gases or by
oxygen depletion. R is therefore absolutely essential to draw attention to the hazards of nest gases
womdmmmmmmy@nmuammesaewdymmmdh
many cases (atal
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Although carbon dioxide is not an inert gas, most of the information in this document is sppliicable aa it
too will cause oxygen depletion. However, the specific hazards and physiological effects of carbon
dioxide are more complex than those of inert gases. This document does not cover these aspects.
(Ses IGC Doc. 87 "CO2 cylinders al user's preamises” for more detals about the additional hazards of
carbon diaxida).

4.1 Oxygen is essential for fe

Oxyger: ia the only gas that supports e The normal concantration of axygen in the air we breathe is
approximalely 21 %. Concentration, thinking and decision-making are impaired when the oxygen
concentration fals oniy sightly below this norm. These effects ate not noticeable to the affected
dividuat

i the axygen concerttration in aic decreases of, if the concentration of any other gages increass, a

situation is rapidly reached where the risks of asphyxiation are significant. For this raason any
cepielion of oxygen below 21 % must be treated with concem:

Asphyxis - Effect of O; Concentration (from NL/77 Campaign against Asphyxiation)

O

(Vol'%) Effects and Symptoms

No discernible symptoms can be detected by the individual.
18-21 | A risk assessment must be undertaken o understand the causes and detarmine whether
it is safe 1o continue wordng.

11-18 | Reduction of physical and intellectual performance without the sufTerer being aware.

Possibilty of fainting within 2 few minutes without priof waming.

#11_| Risk of death below 11%.

68 Fainting occurs after a short time. Resuscitation possible if cartisd ot immediately.

0-6 Fainting almost immediate. Brain damage. even if rescued

WA:HJNG: The situgtion is hazardous a5 3000 as the oxygen conceriration intaled is less than
18 %.

With no oxygen present, inhalation of anly 1-2 breaths of nitrogen or other inert gas will cause sudden
Ioss of consciousness and can cause death.

4.2 Inert gases give no warning

X is absolutely essential to understand that with inerl gases such as nitrogen, argon, helium, etc.,

agphyxia is insidious - thete are no waming signs!

+ Inert gases are odouriess, colouriess and tasteess. They are undetectable and can therefore be
a great deal more danger ous then taxic gases such as chiorine, ammonia, or hydrogen sulphide,
which can be detected by their odour at vary low concentrations.

» The asphyxiating effect of inert gases occurs withaut any prefiminary physiclogical sign that could
alerl the victim. Lack of cxygen may cause vertigo. headache or speech difficulties, but the victim
is not capable of recognising these symploms as asphyxiation. Asphyxiation leads rapidy to loss
of congciousness - for very low oxygen concentrations ths can ocour within secands.

4.3  nert ganes act quickly

in any accident where the supply of oxygen to the brain is affected, prompt emergency reatment is
critical Proper medical treatment (resuscitation) if given quickly enough can prevent irreversible brain
damage or even death in some instances.

Furthermore, and this is often poorly understood, the emergency rescus procedure to save the victim
must be carefully thought out in advance to avoid a second accident, whare mambers of the rescue
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team can become victims. Lnplanned interveniions resulting in the fataliSes of woulkd-be rescuere are
sady not urusual.

4.4 The ambigulty of inert gases

Everyone, partculrty customers, must be aware of the ambiguity of ths expression “inert gas”
{sometimas callad “safety gas®, when it is used lo prevent fire or explosion), whereby an “inert gas’ is
often perceivad understood and wrongly taken to be a harmiass gasl

4.5 Wiatchiuiness with regard to inert gases and oxygen depletion

Considering the hazards mentioned above, it is essential to provide all those who handie o usa mert
gases {gas company persomel as well as customers) with all the infarmation and training necessary
regarding asfety rabructions. This includes the means of pravention and procedures {0 be respecied
to avoid actidents, as wel a8 planned rescue rocedures 1o be implemented in the event of an
accigent.

] Some typical situations with inart gas and/or oxygen depletion hazards
5.1 Confined or potentlally confined apaces end enclosures

Confined, restricted or enclosed spaces are particudarly dangerpus situations whare an inert gas may
be normally present (inside a process vessef), may have accumulsted (from leaks or venls) and/or
because the space has not been adequately vented or purged, and/or the renewal of air i5 poor or
ventiation is inacequats.

Exampiles of such spares include:

» Confinesd spaces: tarks, vessels, reservors, the inside of “cold boxes™ of liquefaction equipment,
cold storage roams, warehouses with fire suppressant atmospheras, eic.

» Enclosues analyzer or instrument cabinets, small storage sheds, lemporarytanied enclosures,
o spaces whare welding protecthve gas 15 used, elc

The precaufions required for safe access by personnel will be dfferent in each of thase cases as
explaned in Appendix B,

5.2 The use of inert cryogenic liquids

It ia to be noted, that the use of inert cryogenic iquids such as nitrogen ot hellum is accompanied by

two primary hazardk

«  The fuids are vary cold (-198°C for nitrogen and -269°C for heflum) and can causa serious cold
burns on contact with the skin,

. Omvmlsedmmwodnm:wllmatealargavdmofoddmngu(e.g1Itreollq.|id
mitrogen wit yieid 880 itres gassous product) that wit displace ambien! ov, cauling cxygen
deficency and may sccumuate in low points.

In processes where cryogenic iquids are handied and vaporisation takes place, spedial care must be
taken 1o avoid situations where personnel are exposed to oxygen deficiency. These may be in (ooms
which peoote requigry eqter of work in.

Examples of such spaces include:

The internal rooms of a buiding whara aryogonic iquid cylinders/dewars are flled and/or Gtored,
Laboratory rooms,

Blevatars (Hfts) used for tranaport of dewars,

Rooms where Squid nitrogen food freezers are operated (Tunnel, cabinet)

Rooms where Magnetc Resonance imaging (MRI) scanner or other iquid hefium cocled
equipment is used

+ Rooms in which gryogenic de-flashing equipment is operated.
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MNotes: Due to the exitremely low temperature of kiquid hekum a secondary hazard may exiét where the
product is flowing ttwough hoses or pipes. In this case { is possible for the componants of alr to

iquefy on the outside of the hose/pipe, possibly leading to pooling of liquid containing levels of
enriched oxygen. [See Raf. 71

5.0 Arzaa near where inert gases are vented or may collect

The risk of asphyxation con arise, even outdoors, 1 the vicinity of:

s Gas leaks

Veni exhausts

Qutlet of safety valves and ruplure disks

Openings of machines ln which Rquid nitrogen is used for freezing

Biind flanges

Near manways/accett 10 vessels or purged enciosures (e.g. ASU cold boxes, slectrical
enclosures)

Any cold gas of heavier-than-ar gas wil ravel of Now™ - ofEn anseen - and colleCt even OURoo's, iIn
low spawes such as:

Blevator (i) shafts

fuch s’
« Behind false ceilings
s  Under a roof

Simdarty and just 06 dengerously bginer-than-aw gases (e.g helium) will ree and colect n
unventiited high poirts

54 Use of inert gas instead of air

Elapned Use

In many workplaces, thar2 are o‘ten comgressed inert gas dstribution networks that are used for
process applications, safety or instrumentation purposes, €.g Merting/purging of reactors of using
nirogen as a presswe sowce o operate preumalic equipment (such as jackhammers) or as
instrument (uids.

Additionally, nitrogen is ofien used as ether a backup o, or substtute for, an instrument ar system.
Where it is used as a backup supply in case of nstrument air compressor falures it is Quite common
to find a nitrogen supply connected 1o an ait supply by means of Isolation valves, i mus| be
apprecisted thal most pneumatically operated nstrumants vent continuously and that the vented
nitragen may accumuiale In poorly ventiated conirol paneisicubicies or plam rooms. This can present
a serious asphyxiation risk. Where nitrogen is used temporarfly to substitute for congressed air in this
way, it musl be done under strictly controlied conditions such as 8 permil to work, and al relevant
personned shall be intormecd.

tmprooer Use

In siuabons where pped Lreathing systems exist there is always the polential for employees, who are
insufficiently trained or no! familiar with the systems, to comect the breathing apparalus 10 a nityogen
system with fatal results. Such systems must be clearty marked and ideally the breathing air system
should have a dedicated camection type not used ehewhere in the premises.

85 Dangers of improper inhalation (abuse) of inert gases

Thete has been incteased of reporling and presentations in TV-programmes on the careless
approach and dangerous misuse of breathing in gases such as helium and other inert rare gases. The
media reports in pariculnr trivislise the effects of mhaling hellum 1o achieve a very high-pitched voice.
Inhaiation of hefiun can lead to uncansciousness cessation of bresthing and sidden death.

[See Ref. & for more information]
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6 Hazard mitigation and preventive messures
61 Wmformation, training

Al persons who handie or who use inert gases shall be informed ot

» Safety measyfes that shoud be adopled when using gases.

« The hazard represented by the release of inert gases in to the working space and the potential for
oxygan depletion.

» Procedures to be observed shouid an acgident occur.

This information and training should be systematicaly and periodically reviewed in order 1o ensure
that it remains up 1o date and appropriate for the hazards identified

6.2 Properinstallation and operation

Equipment for the manufacture, distribution or use of nert gas must be installed, maintained and usad
in accordance with

» Al appiicable regulalions.

» The recommendations of the supplier

» Industrial gas industry standards and codes of practice

Newly assembled equipment for inert gas servica must undesgo a procf test and be leak-checked
using suitable procedures.

Each inert gas pipeline entering a buiiding should be pravided with an easily accassible isdation valve
outside the building. Ideally such valves should be remote activated by push buttons or other safety
monitoring equipment.

Discontinued inert ges lines shal be physically disconnected from the aupply system when not in use.

At the end of each wark period, all valves that isolate the inert gas should be securely closed 10 avoid
possibie leakage between work periods.

6.3 entification and safeguarding of potentially hazardous wreas

Measures should be taken to identify potentialy hazardous areas, or restrict access to them. e.g,

« Waming signs should be displayed to inform of an actual or potential asphyxiation hazard
{An example is shown in Appendix D). The warning sign should be associated with measures lo
preveni unauthorised entry to the areas.

+ Temporary or permanent barricades, for example physical lock on vessel manway or barricades
arcund temparary excavations.

«  Communication 1o site personnel 1o ensure awareness and understanding.

6.4 Ventiiation and atmospheric monitoring lor inert gases and oxygen deficiency

TypiealythereauﬂnnMommemmﬁ!amhummaﬂaiumﬂbe
assessed in order to avoid asphyxiation accidents from inert gases and/or oxygen depletion

6.4.1 Ventiation/ monitoring of rooms which people reguiarly enter or work in

Exampies in this category would include:

+ Rooms containing inert gas pipelines with poccible leaks such as compressar houses, control
roams (with conirol/analyser panels).

+ Rooms where inert cryogenic Fiquid is used or stored (see 5.2 above)

Bufiding/iroom size, ventiation capacity, system pressures, eic. must be detenmineg for each specific

case. The following guidelines can be applied to ventlation system design:

« Ventistion must be continuous while the hazard axiste. This can be achieved by interlocking the
ventilation system with the process power supply.
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Ventiation sysiem design should ensure adequate air flow around the normal operating areas,

Good engineering practice indicates a minimum ventilation capacity of 5-10 ar changes per hour.

The use of devices to indicate carrect system operation, such as:

- Waming lights

- "Streamers” in the fan oJthet,

-  Flow switchet in the suction channels (monitoring should not rely oty upon secondary
controls such as "‘power on’ to the fan motor).

Exhaust fines containing inert gases shal be clearly identified, and should be piped o a safe, well

ventiated areaoutside the building, away from fresh air intakes.

Consideration should be given to tha use of workplace atmospheric monitoring, e.g. personal

oxygen analyser or an analyser in the work area, location to be based on assessment of the

areas described in 5.3,

People working in or entering the area shal be aware of action required in event of alarms fram

atmospheric monitors or loss of ventiation,

6.4.2 Ventllation/ monitoring prior to entry into confined spaces or enclosures

As described in 5.1 above, thete spacets would include enclosures or vessals which:

Are not routinely entered and

Are known to have contained inert gas or

May contain inert gas or low concentration of oxygen

Any vessal not known and verified to contain atmospheric ais.

in these cases the following guidelines apply to prepare a safe atmosphere prior to entry;

Sources of inert gas must be isolated from the space or enclosure by poslive biinds or by

disconnection of lines. Never rely only on a dosed valve,

The vessel or enclosure must be adequately purged with air (ie. remove the inert gas and

substitute with air).

+ [ s necessary to have at least 3 complete ar changes within the enclosure involved.

+ Purging shall continue unti analysis confirms that the quality of the vessel atmosphere is safa
for personnel entry. if there is any doubt that effective purging has taken place. the analysis
should ba made in the interior of the vessel by taking a sample at several locations by probe,
or if this is not possible, by a competent person using a seif contained breathing apparatus.

+ The purge system must ensure turbulence for adequate mixing of air and inert gas to take
place (to avoid “pockets” of dense or light inert gases remaining or to avord “channeling” of
gases due to inadequate purging).

+ Removal of argon or cad nitrogen from large vessels and deep pits can be difficult due to the
relatively high density of the gas compared with air. In that case the gas should be exhausted
trom the bottom of the space.

+ Ventiation should never be carried out with pure oxygen, but exclusivety with ak.

Anather method of removing inert gases is 1o (il the veasel with water and allow air to anter when

the water is drained off.

Oxygen content of the atmosphere in the endosure/vessel shall be monitored conlinuously or

repeated 3t regular intervals.

Consideration should also be given to the use of persona oxygen monitors.

Where b safe atmosphere cannot be crested and condrmed, then the task must only be performed by
competent personnel provided with a positive breathing ar supply.

6.4.3 Ventlation/monitoring for entry into otherspaces where inert gases may be present

This type of confined space is one that has any of the following characteristics:

Limited opening for entry and exit
Unfavourable natural ventilation

Examples are isted in sections 5.1 and 5.3 and inciude;

Under ground works

Trench/pit deeper than 1 metre
Smal rooms where gases are stored but nct designed for continuous worker occupancy.
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in the mejority of these cases the presence of inert gases i no\ anticipeted when entefing such
spaces. However, the one essential safeguard in all cases is to sample the atmosphers in tha room,
enclosure, trench, pit, etc. for cxygen prior to any entry. Where appropriate 8 continuous fixed point
monitoring device $hould be used

The fact that an oxygen deficient atmotphere is not normally expacted is the grealest danger.
£4.4 Notss on purging requiremerts

The guidance for air changes, mentioned in section 6.4.2, is valid whers nitrogen is the inerl gas
involved because its dunsity is very naar to that of ar and oxygen.

If the gas 1o be purged has a density very dilferent from the density of air, such as hellum, argon or
carbon dioxide, sic the ventiating air may not adequately mix and the purga may be inadequale.

Fer inert pases of this type the volume of gas to be displaced (air chongea} muct ba st lesst 10 times
that & the volume nvolved. The prefered mathod of removal of very dense gases (e g argon or cold
ritrogen vapour) is 1o suck out the gas from the bottom of the space.

In the presence of toxic or flammable gates, it i mandatory to parform an addiional analysis of the
gases present in the confined space, before entry of personnel Far cbvious reasons, the
maasuremant ¢f onfy tha oxygen content is no! sufficiers! in this case. Al nther dangerous laxic of
fiammable gases mus! also be analysed,

hthcwwﬂmmanr@wmtmmNMwwmmem
tisk and then subsequently purge with ventialing air.

6.5 Testing of oxygen content

Historically, the need 1o check that an atmosphere is respirable has been considered to be of the
greatest importance. 'n the pas!, simple means were employed, such as, for example, the ighted
candia of the canary bird.

Currently, varicus types of oxygen analysers are available, which are often reliable and simple and to
operate. The selection of the type of apparalus depends on the nature of the work in the placa to be
monftored (presence of dust, temperature and humidity, multiple detectors, porlable equipment, elc.).

- mmwﬁymmmnmmwmtbemwm&MMMnaw
to sufficienily rafiable. It is also smportant to ensure that fixed and portable detectors are properly
positoned 10 measure a representative sample of the atmosphere.

. Asin:llwaymloomfmmatmoxygmmwisoperatmprmawbdcnmuto
rnemutfoaxquwdhmn&m%).ﬂﬁmmumﬂhmﬂwnﬂ
redur ements.

. uammmmdummmmmmmmumum(mm

batttery).

« The minimum sale oxygen conceniraton for entry inio 2 space hal is being controed o
measwred because of the riak is 19.5% cxygen. There are appfications with axygen
concentrations below 18.5 % whera eniry is permitted provided thet further precaufions are taken
in accordance with proper ritk assesament and national reguiations (eg fire suppression). (See
Ref 4

65 Work permit

Famﬁmdmmmﬂawmmmmmthfm
dammmemmmmdmmm-[SuMﬂ

This procedure i necassary during work carmiad out by subcontractors in air separasion cold boxes, or
where vessal entry & required.



6.7 Lock-out Tag-out procedure

To ensure any sources of nert gas have been properly isclated, the implementation of a stringent,
formal lock-out and tag-out procedure is necessary before safe entry into a confined space.

6.8 Protection of perscnnel

The type of work to be performed, the layout of the premises and the assessment of potentlal rescue
ascenarios will determine the provision of additional protective measures. This additional protection
should include arganisational measures and/or safety equipment such as:

« Fixed or personal oxygen monitoring equipment

« The wearing of a harness so that the worker can be easlly and rapidy taken out of an enclosed
space n the case of an emergency. Preferably, this harness is to be connected to a8 hoist to
faciitate removing the victim. (n practice, it is extremely difTicult for one person to ift up another
person in the absence of a mechanical aid of some kind.)

¢ The provisgion of an glarm system in case of an emergency.

s The wearing of a seff cantained breathing apparatus (not cartridge masks, which are ineffective in
a case of lack of oxygen).

+ In the case of work inside a confined space, a standby person should be placed on walch outside
the space/vesseol.

= Having a self contained breathing apparatus on stand by.

« The wearing of cther personal protective equipment such as safety boots, hard hat, goggles or
gloves, depending on the hazards of the location and task.

7 Confined space entcy

The ermployet has an overriding duty to ensure that tasks in confined spaces with potentialy
hazardous atmospheres are performed without entry whenever this is practical. Only ff it there is no
practical alternative shall peopie be required 10 enter confined spaces.

Any entty into a confined space or enclosure with a potentially hazardous atmosphere shal be
carefully controlled and have:
¢ Awritten method statement for the work to be undertaken with the space.
A documented risk assessment for performing this task in this particular vessel.
Formal, siringent lock-out and tag-out procedures.
An assessment of potential scenarics where rescue may be required.
An amargancy {rescue) plan to deal with any possible accident scanaric retated to entry in to
Lhe enclosure or vesseal.
+ Rescue personnet and equipment should be avaiable as required by the rescue plan,
+ Trained and competent personned in roles of; entrant, stand-by watch, rescue team (where
required) and supervisor/permit issuer.
»  Asafework permitissuved and signed befare entry is allowed.

This document is not a detalled procedure for confined space entry, but focuses on the considerations
which are imporlant where there is an actual or potential hazard from inert gases or oxygen
deficiency.

8 Resacue and first-aid

Awareness training in the hazards of inert gases and xygen deficent atmosphere is of vital
m&mlawmﬁnmﬂluﬂuamu#nmﬁldmaﬂaﬂwhﬂmha
space with potentialy asphyxiant atmosphere, in order o prevent subsaquent fataktes as result of
“unplanned rescue” atternpts.
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Training in rescue work [s fundamental since quickdy improvised rescue without the farmalty of a
procedure, often proves to be neffecve, if not catastrophic, i.e. the rescue worker lacking foresight
becomes a second or even a third viciim. This is one of the most common causes of multiple fatalties
in cases imvolving asphyxiation.

8.1 Basicrules

if a person cudderty collagees and no longer gives any sign of kfe when working in 3 vessel, a
patially encdosed space, a french, a pit, a small sizad room, efc, it MUST be assumed that the
person may lack oxygen due o the presence of an inert gas (which is, as mentioned, odourless,
colouriess and tasteless)

WARNING: ihe discovrerer must assume that hla fife Is ot risk ertering the same arse!

The risk is that the rescuer will become the secand viclim, which obviously must be avoided at all
costs. ideally he should raise an alarm and call for assistance sothat a prepared rescue can be
carrieg out.

Rescuers intent on saving a possible agphyxiation victim should only do so if they have the necessary
equipment, have been suitably rained, have proper assistance and suppoit.

82 Rescue plan elemenis

The method of rescus will be determined by the access to particular spaca. If practical a non-entry
rescue is preferred. Appendx B fists the considerations which showld be given to rescue plans from
three difierent situations:

» Rescue from normaly accessble rooms

s Rescue from Confined Spaces

» Rescue from pits, trenches or excavationa

in each case the Rescue plan must have elements which address:

e How the alarm is raised
identification of possible rescue scenarios (not only for low oxygen effects)
Nrymbshﬂwsnmndmwu’kplaoawﬂchmayumaymtreqiemmwlem
from the apace (6.g. site evacuation in event of fire elsewhere)

« Stand-by watch trained 1o keep visual and verbal contact with the entrant and to ensure the
entrant exits the space if symptoms of oxygen deficiency are suspected or observed

« Any assistance which may be needed/given from outside the space fo help entrant escape
from the space, without further entry.

+ Re-checking/confirmation of atmusphere prior to rescue

« Manpower and equipment required 1o Move UNCONSCIOUS person from that space

o Provision of frst akmedical treatment (e.g. resuscitation and/or oxygen treatment) inside the
space if necessary

+ Safe access by rescue and/or medical personnel 7 necessary

¢ How to make the space safedprevent further injury after the rescue.

8.3 Equipment

A successful rescus aclion may need some of the following equipment. The actual needs must be
assessedasparlofﬂmermplanmdmdeavahﬂemdamsﬂeduhg the confined space
worke

¢ A portable audible alarm devices, e.g.; personal horn, whistie, klaxon etc. to alert nearby people
that agsistancs is required.
Tuq:muradoalhwaisﬂesotratanala-mmbetaimdhevemdpmuuns

A safety belt or harness connected to a ne

Mechanical aid such as pulley, haist, to extract the victim.

Possibly a sowrce of air or oxygen to ventitate the confined space, such as:

- A conpressed air hose connected to the plant compressed air network,

- A vensiation device.
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Additional oxygen monilars for rescue team for re<checking conditions inside the space
Positive pressure breathing air supply. Thiz may be an a:ternﬂyl’edbeaﬂmarsystmorsdf—
contained breathing apparatus (SCBA).
WARNING: Cartndge masks for toxc gases are nol salable as they do notf replenish missing
axygen,

= A resuscitation kit suppiied with oxygen for the victim, in general, such a kil mciudes a smaill
oxygen cylinder, a pressure reguiator, an inflatable bag, and a mask to cover both the nose and
mouth of the victim,

« Stretcher 0 carry injured person out of the space, away from work piace andfor to ambutance.

it should be noted that any equipment identified as necessary to camy ou! an emergency rescue fram
a confined space should be defined on the basis of a ld risk assessment and the emergency plan
developed from it. Where this equipment is not available, a rescue should not be underiaken

8.4 Rescue training
Where an emergency plan considers thal a rescue is to be performed, il is recommended thal there is

an annual programme of ‘raining including practical rescue drills. It is also a good practice o
consider a rescus exercise before start of confinad space wark,

8.5 FirstAd

Where there is a potential hazard fraom inert gases/oxygen deficiency it is advisable to have persomel
avoiable who are formally qualified to give first aid and/or perlorm reauscitation in the event of an
accident. The simplest first aid treatment for someone suffering from effects of axygen deficiency is to
bring the affected person into fresh air- as long as it safe 10 do sol

In most countries additional tralning is required so that first aiders are qualified to provide Oxygen as
medical treatment for anoxia and other conditions.

9 Conclusions

There are two essentia points to remember related 1O Oxygen deficiency accidents invohving inert

gases.

Accidents rasulting fram oxygen deficiency due to inerl gases happan unexpeciedly and the
reactions of personned may be incorect. To avoid this, all persomnel who may wark with, or may
be exposed 1o, inert gases must have routine awareness fraining in respect of the hazards of
these gases,

+ Acddents involving asphyxiant atmospheres are always serious, if not fatal. It is absolutely
necessary 1o carry out both reguiar and periodic awareness training saessions for all personnel, as
weld as rescue drills
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Appendix A: Summary for operators

1 Why do we need oxygen?

OXYGEN IS ESSENTIAL FOR LFE

WITHOUT ENOUGH OXYGEN WE CANNOT LIVE

When the natural composition of air s changed, the human organism can be atfected or even
severely impaired.

if gases other than oxygen are aoded or mixed with breathing ar, the oxygen concentration 5
reduced (diluted) and oxygen deficiency occurs.

It oxygen deficency occurs due 1o the presence of inent gases (e.g nitrogen, hefum, argon, etc) a
drop in physicalimental efficiency occurs without the person's knowledge; at aboul 11 % oxygen
cancendration in aif (instead of the normal 21 % concentrabon) fainting occurs without any prior
warning.

Below this 11 % concentration thereis a very higt: risk that death due to asphyxiation will ocour within
a few minutes, uniess resuscitation is carried ouf immediately!

See atyo EIGA Safely Newsietter NL/TT7 Campaign sgainst Asphyxiation
4 Causes of oxygen deficiency
a) Wvhen bquefied gases (such as Iquid nitrogen, Equid afgon, cr iquid hellum) evaporate. one fre

of liquid produces approximately 600 to BS0 itres of gas. This enormous ges volume can very
quicky lead to cxygen deficiency urless there is adequate ventitatian.

D) (n tha event of gases other than oxygen leaking out of pipe work, cyingers, vessets, etc,, oxygen
deficiency must siways te expected. Checks should be made periodicaly for possible lesks.

Spaces with kmited or inadequale ventiation (e.g. vessels) must not be entered unless air
analysis has been made, safe conditions are confirmed and a work permit has been issued.

12
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c) ¥ work nas to be carled ol in the vioinity of ventiation openings, vert pipes o vessd man ways
for example, personnel must be prepared to encounier gases with low oxygen concentration or
without axygen at all being discharged from thesa openings

d} Oxygen deficiancy will dwar‘r:e when plan| and vessaels are purgad with nitrogen or any other
inert gases.

3 Detection of oxygen deficiency

[ HOMAN SENSES CANNOT DETECT OXYGEN DEFICIENCY ]

Measuring nstruments give an audible or vieual alarm of oxygen concentrabion and can indicate the
oxygen contert.

These Instruments should always be tested in the open ak befare use.

Ifthe presence of toxic or Hammable gases is possble. specific nstruments should be used.

4 Breathing squipment

Breathing equipmen! must be used in situations where oxygen deficency has to be expected and
which cannot be remadied by adequate ventitation.

Ciuidwgasmaksmy!wuaehtheprmonomm(wm“ ammonia, chiorine,
etc.} are useless for this purpote.

Recommended types of breathing equipment are:
+ Self cortained breathing apparatus using compressed air Cylinders;
» Fuli-face masks with respirator connected through 8 hose 10 a fresh ar supply.

NOTE:

13
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» 1 should be barm in mind that when wearing these apparatus, particularty with sk filled cylinders, il
might sometimes be difficult to enter manholes.

» Periodic inspection of the correct funclioning of the equipment shall be carried out in accordance
with jocal reguiations.

» Usears shal be trained and shall practice handling of the equipmant reguiarly.

] Confined spaces, vcasels, ete.

Any vessal or confined space where axygen deficiency is expectad and which is connecled to a gas
source shal be disconnected from such a source:

By the removal of a section of pipe; or
by insening a blanking plate before and during the entry patiod.

Redkance on the closure of valves alone might be falal.

A space or vesssl should be thoroughly ventilated, and the cxygon content shall be meassred
pariodically before and during entry period.

If the atmosphere in such 3 vessel or space is not breathable, 2 qualied person shall use breathing
equipment.

Permission Lo enter such & space shall be given only after the issue of an antry permit signed by a
responsible parson

As jong B3 & person is in a vessel or confined space, 3 watcher shad be present and siaboned
immediataly outssde of the coniined entrance.

Ha shall have & sell-containad breathing apparatus readiy avallabie

The parson inside Lhe confined space to facilitate rescue shall wear a harness and rope. The duty of
the walcher should be clear y defined. A hoist may be necessary to ift an ncapacitated parson

[ Emergency Measuros

In the event of a person having fanted dua 0 cxygen deficiency, he can only be rescusd i the rescus
pgrmﬁemﬁpedwih&uﬁmmausaﬂmtmhmhmmdomm

Remove the patisnt io the opan air and administer oxygen withow! deley from an adomatic
resuscitatar if avalable or supply artificial respiration. Gudelines and instructons for resuscitation can
be cbiained from the European Resuscitation Council (ntermet Homepage: sivw arcedy ).

Conrue ud pabent rewves of advsed 10 stop by queltied medical personnel

14




IGC DOC 44/08

Appendix B1: Rescus considerations from normally accessible rooms

Pianned Rescus Scenario:
if work is undertaken on Inert gas or cryogenic Hquid
systems within an enclosed room |t is suggested that:
= The entrant carrias a parsonal axygen manitor in
addition Lo any fixed systams as the cxygen
concentration may vary within the room i
ventiiation Is absent or inadequate for the feak
rate.
¢ The atmosphere within the space it chacked
befora entry
s Astand-by walch ks posted outside the space, ic
keep visual and verbal camtact with the entrant
and 10 ensure the entrant leaves the room
unaided in case of aarly syrmptoms of curygen
deficiency
» The stand-by watch can raise an abarm by
telaphone or radic on event of problems

» The stand-by watch has Seift Contained Breathing Appar tus {SCBA) ready so that he can
saiuymtechuxhdrmlowbﬂnuﬁstumof.awubﬁtheﬁc&nﬂ
nacassary.

« Uniess a plan is in place 0 thal the entrant can be safely removed by the standby-watch
alona, then the rescue team should have bean wamed of the confined space enfry waork in
progress, and be ready with Seit Contained Breathing Apparatus (SCBA) and other
equipment 30 thal they can safely anter the Confined space 1o go to the assistance of, or
to extract the victim H nececsary.

« Plans have bean made 10 obtain treatmantassessment from qualified medical per sonnel
for the victim as soon as possibie after he is retrieved from the room,

ammgmumumammmmohuﬂdmumrn
He should raise an alarm and call for assisiance 80 that 8 prepared rescue can be carfied cut.

vaﬂummmmumu,hmmmewwmu
given to extracting the wictim fram the spece and bringing him out 0 fresh air and medical attention.

IFwmn::mnlmalmoxmmmm_mmfumy
length of time i is very fkely that he is desd and the discoverer’s §ife is rakad in vain

15
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Appendix B2: Rescue considerations from Confined Spaces

Planned Rescue Scenaric:
If work is undentaken within a Confined Space suchas a
vessd or a difficult access space, with potential ineri gas/
oxygen deficent atmosphere, [t is essential that:
+ The atmosphere within the space is made safe,
ventlated and checked befare entry
+ The entrant carries 8 personal oxygen monitor.
« W practical the entrant wears abody harnass with
Me ine, 30 that be can be ramoved from the
space by persons outside. A hoist or othes
mechanica aid may be needed
s A stand-by watchis posted outside the space, lo
keap visual and vertal contact with the entrant
and 10 ensure the entrant exits the Confined
Space # symptoms of oxygen deficlency are
suspec:ed or cbserved
+»  The stand-by watch can raise an alarm to call a
trained resoue taam by ‘elaphone or radio on
event of problems

«  Tha rescue team should have been wamed of the confined space entry work in progress,
and be ready with Sell Contained Breathing Apparatus (SCBA) and other equipment so that
they can safely enter the Confined space to go to the assistance of, or to extract the victim
{ necessary

+  The stand-by warch shouk! neves entex the Canfined Space.
» Plans have been made to obtain treatment/assessment from qualified medical personnol
for the victim as soon as possibie after he is retrieved from the room,

Unplanned Rescue Scenario:

All Contired Spaces shall be ciosed or barricaded to prevert unauthorised access. There should be
no possiblity for unoontroled entry into the Confined Spaca. co the “unplamed rescus® situation
should not occur

If however a parsan is found collapsed in a Confired Space where there is a potential nert gas /
axygen deficiant atmosphere, then the dscoverar must assume that his ife is at riek sntering the
same ares. He must faise an slarm and call for asaistance 3o that e prepared reacue can be cafried
out.

F the victim has colapsed ag a resufl of an cxygen deficient atmosphere and baen there for any
length of tme & & very loly thal he 15 dead and the decoverer's ife s risked in vain,
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Appendix B3: Rescue considarations from pits, tranches

Planned Rescue Scenario:

i work is underiaken o an
excavation, tench, pit, o
other open spaces with
potential inert gas / oxygen
deficlent aimosphere, 4 &
srongly recommaended that:

s The atmosphere within
the space is checked
before eniry

+ The entranicarries a persoral oxygen monitor, as the axygen concentration may vary within
the spaca I there is limited fresh air circulation.

. Astmmupatwwummem.mkmmwmwmnmme
entrant and 1o ensure the enirant &xits the orea unaided if symptormas of oxygen deflaency
are suspected or cbserved.

. Ttnstuﬂ-bywa!dnmraiummtcwamrmtmwtmuraﬁo
on avem of problems.

. m:zmuzmmusucmm&mmawcm)mfmpmucal
for ham enter Lhe enclosed room to go Lo the assistance of, or to extract the victim alone. OR

o The rescus leam thould have been warned of the confined space enry work n progress,
and ba ready with Seif Contained Braathing Apparatus (SCBA) and other equipment so that
they can safaly anter the space 1o extract the victim If necessary

¢  Plans have been made to cbian treatment/assessment from quakified medical personned far
the victin a8 soon as possible after hw Is retrieved fram the room.

Urplanned Reacue Scenario:
ltawmhtmﬁcﬂu&dhaiuﬁﬂm“mmem.isa potentisl inerl gas leak /
mwmmumﬂ-MUMammml-halmkmm
mmmmmmmwﬁmm:omameﬂmmum
oat

Fhvbﬂnﬁscﬂuduarnndmnxmdnmmandbammmm

h#hof&mlhmﬁdywhhudmmmcﬂnkﬁdmdnnh.
hadﬂbniﬂdh\rnﬁ!mduqﬁlormoveavhﬁnfmhsek&dudm
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Appendix C: Accidents involving oxygen deficiency

The folowing st highighls real accdents recorced by EIGA, some of tham very recent The fist
ustretes how assential it ia to regularty draw the atiention of our persannel, as well as that of our
customers, (o the hazards of iner{ gasas and oxygen defidency

1. A new pipeline in 3 trench was bang proc! tested wilh nifogen. A charge hand entered tha tranch
to rwvestigate tha cause of an audble feak. He was overcame by nitrogen and died.

2 A workman was overcame by lack of oxygen after enterng a large storage tank, which had been
inarted with nitrogen. Twe of his workmates, who went to his aid, without wearing breathing
equipment, were also overcome and all three died.

3. A man was overcome cn entering a atsel tark which had been shut w for several yeawrs The
atmosphete inside the tank was no longer capable of supporting ife due to remaval of oxygen
from the ar by the rusting cf steel

4 A worker [rom a cariractior company had to cary out welkis intide a vassel The vessal had been
under 8 nitrogen blanket, bul was ventlated wilh air before work sterted In order t¢ be on the
s={e cide, the weider was asked 1o wear 2 fresh air breathing mask. Unfortunately a fellow workes
connecied the hose ' 2 nitrogen ine and the wealder ded from asphyxdation.

This accicent heppened because the nitrogen outlel point was not Iabelied end had a rormal air
hose connection

5 Welding work with an argon mixture was performed inside a road tanker, During lunchtime the
welding torch was lef inside 1he tank, and as the valve was not property closed, argon escaped.
When the wekder re-entered the tank, he loet consciousness, but was rescued in time.

Equipment (hat i& connscied (o @ gas saurce, except air, musl never be left inside confined
1paces during lunch breaks, et Marwly closing the valves I3 not a guarantes apainst an escape
of gas If any work with inert gas is camed oul In vassels, eic. (ake care with adequate venlilalion
or tha use of proper breathing equipment.

6. A dnver of 3 small-scale bquid nitrogen delvery senice vehicie was making a delvery. He
comected his ramfer hose 10 the customer-insialled tank, which was situated in & semi-
basament After he had started to fll, one of the cusiomer’s employees told him that a cloud of
vapour wes forming around the tank. The driver stopped the flling operation and retumed to the
area of the tank lo investigate. On raaching the bottom of the stars, he collapsad, but fortunately

he was soan by one of Lha customer's staft that managed to put on breathing apparatus, go in
and drag the man to safety. The driver fully recovered

Unknown to the driver, the bursting disc of the storage tank had failed prcr 1c the start of hs
anc as 500n 33 he started flling, Nitrogen escaped in the wicinety of {he storage tank, The oxygen
deficient atmosphere overcame him when he went down !0 Investigate withoul wearing his
portable cxygen monitor. which would have wamed him of the cxygen deficiency. The instalation
had been condemned and was no longer being used. Not only was the tank situated In & vemi-
basemant, but the relief devica was aiso not piped 102 safe area,

7. During & routine ovarhoud of an alr separation plant, s meintenance technician had the task of
changing the {er element on a fiquid oxygen flter The plant was shut down and a work permit
was issued each day for each slement of wark. In spite of these precautions, the technicien
mmmmmmwmmmmimmmpdmmnm
fitter collapsed apparentty aaphynated by nitrogen. Al effants to revive him faded.
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1.

12

13

14,

15.

At a oryogenic spplicetion, the equipment pressune relief valve iocated on the squipment inside
the buliding opened because the pressure in the slorage tank outside increased sbove the
setting of the equipmen! pressure reliel valve. Personnel about 1o enles the room the next
moarning were wamed by the frosted appearance and did not enter.

A custome wes supplied with 2 low temperature-grinding machines, which were located in the
tame area In the factory. Tha customar installed a joint nitrogen extraction systom between the
two machines. One machine was switched off for cleaning while the other machine was lefl
running. One of the operators who had entered the unit far cleaning fel unconscious and was

froi the operating machine 1o Now inlo the wnit to be cleaned.

A driver was fatally asphyxiated during commissianing of a nitrogen cuslomer station. The
asstomer station 1ank was located in a pit thal was nol recognized as 8 confined space by the
cesign leam, disiribufion operation team or the driver The driver wes sent o do t
commissioning by himsell.

During the commissioning the driver made a mistake in opening the Squid supply éine
instead of the gac vent vaive, for purging and cool down of the tank. R (s belleved he
immediately notice the valving error partially due lo a modified manifold thal allowed gas to
from an uncapped drain in the kquid supply fine. When the driver opaned the valve
venting as would narmally ocour sxcept ffom the wiong location. Once he noticed that
rather than ges venting, he went into the pil to comect the valving error. Al Ihia poin
into a nitrogen rich/oxygen deficient atmosphese.

A group of workers were routinely warking at the in-feed end of a tumnel |
temparature of (he tunnel was approaching (he desired set point, a new operator
there was 2 doud of N; gas coming ot at exit end of the freezer. He suddenty Incressed the
speed of the scroll fan In order to remove the gas fram exit o product entrance. The axhaust and
scroll fans were running on manual mode. Ax a result, the Ny cloud moved to product entrance
and frve workers who were warking around the loading table passed out Farfunately, there wers
no serous injuries and @ of tham retuned o work affer taking a resL

g'ﬂ
§§§§a§ 4
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gE
23

On an ASU stil in commissioning phase threa painters from a sub-subcontractor wera working on
a ladder to complete external painting works on nitrogeniwater tower. To complete the painting of
top tower section 3 wooden plank was put Across the exhaust section to atmosphere. One painter
clivbed on the park, surrounded by tha nitrogen steam, and fed off inside the towel. The two
other painters rushed from the ladder to the plank to rescue their team mate. Both colapsed into
the tower 25 well The tiree painters ded bafore thay could be rescued.

An experienced contractor was used to purge a natwral gas pipeline, 0.5m diametar 10 km long,
with nivogen before siari-up. When one contracter employee and two customer employees
sntered! the remmotety bcated chamber, they wers asplyxiated and later found desd in the
chamber, Twa biind flanges were ieaking and the oxygen monitor was not usad.

A customer nitrogen tank, volume 10 m”, an a PSA plant was to be inspected by the campetent
body. The inspector entarad the tank and lost consciousness immediately. Two persons from the

.mwh!onmunﬁ&MMNWimmmrwﬁm
down

The green gt outside *he door was on indicating safe atmosphere. As
he stepped into the audicie his personal O; monitor alarmed Indicating 1B% O, or less.
After exiting safoly he opaned the door and when O kevel wes O, checked the fon The
verfitation fan was rat running  The ight wat wrongly wired
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17.

18.

20,

1.

22

The parfte in 3 storage tank under ereciion had to be ampted by a contracior company, {amiliar
with this job. During this wark one of the workers fell down in the perfig, depth approximately 3m,
and was asphyxisted.

During the cleaning and painting maintenance of the internal and extemal aurfaces of a water
tank, one aperator mffered anoxia due 1o nitrogen being used to purge the vassal inslead of air,
Two employess tried 1o rescue the victim anc fainted These {wo cperalors were rescued and
transparted to hospital for intensive care however the oniginal operator died.

Curing the inslaliation of a new LIN phase separator on LIN pipe work al a customer sile, a
techniclan went into the roof space. His personal oxygen-monitoring device began to alarm
immediately, indicating low oxygen levels. The technician kefl the roof space immediatety and
infformed the customer. Later in the same week, the customet owned food-freezing machinery
was operaling, and a preject engineer measured concentrations far balow 19% in the production
room He keft he room, asked all subcontractors to stop work and leave the roam, ard informed
the customes. Investigoation showed that the customer had not comnectod the axhaust duoting to
tha fond-freazing machina that they owned ard installed The exhacs! pipes endad in he attic
space, nol being exiended to the atmosphere. Customer had "brdged™ the alanm/irip output 50
LIN supply would not be shut off by low O, concenirations.

An experienced site employee wanled to take some photogr aphs to add to a report corceming
production problems redating to problems with jeaks in the argon condenser. in the control room
he asked B Contractor to accompany him o Lake photographs of equipment in the cold box. One
haur latar the two men were found unconscious in @ manhole acoess to the cold box. Emergency
authorites wera called and declared he two men dead.

Twopeople on 8 customer’s cile wers asphyxiated and died whilst altermpling to unblock a pipe.
using Argon gas in a confined space. The use of Argon gas in this application Is not authorised,

The inciden! 1ock place in a sump 2 metres below ground level, which s used to drain water from
@ nesarby trench.

An air compresscr that provided instrument air 10 an acetylene plant and for brasthing air falled. A
back-up nitrogen supply fram a liquid cylinder was connected to the piping Eystem Io replace the
function of the air compressor. An operator put on a full respiratory face mask to load Calcium
Carbide into the hopper and irhaled nitrogen. He died.
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Appendix D: Hazard of inert gases sign

DANGER OF DEATH

Potential Asphyxiating
Atmosphere
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HAZARDS OF NITROGEN ASPHYXIATION

Introductlon i

very year people are killed by breathing “air” thatcnntamstoohtﬂe:
oxygen: Because 78 percent of the air we breathéi§ nitrogen gas, :
many people assume thatnitrogen is not harméul, Hmvever, ritrogen is .
mfembmﬁu onlywhmmfxedwithﬂrappraprmmofown :

These two gases ;:anhofbedehecndbyﬁ\emofmﬂ Am.tmgm
erriched énvironment; which depletes oxvgen,canbede-txtadonty
special instruments. IF the concentratian of m{mgems too high (md

oxygen too Iow), the body h!comes oxyg:n depnvedmda&phy:dnﬁm
occurs. < Co

L

Mo . .
humm-i‘-nm“ﬁ ‘-Mﬁ::ﬂ' [ EEC
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is Safety Bulletin i» pub- ¢ Good practices and awareness
lished to bring additicnal of hazards minimize the risk
attention to the conbnuing ) of nitrogen asphyxiation
hazards of nitrogen asphyxistion.! (Figure 1),
® Nitrogen is widely used com- Many incidents reviewed by CSB
merdally. Itis often used to vrere caused by inadequate
keep material free of con- knowledge of the hazard or
taminants (such as oxygen) that — :
may corrode equipment,
present a fire hazard, or be
toedc
e Nitrogen asphyxiation hazards
m industry resulted in 30 deaths
from 1992 to 2002. These
incidents occurred in a variety

of facilities, including industrial
plants, laboratories, and
medical facilities, almost half
involved contractars.

' In 1998, the U.S. Chemical Salety Board
(CST) investigated =
aphyxistion

inadvertent use of nitrogen rather
than breathing-air delivery
systems.

This bulletin focuses only on the
hazard of asphyxiation, though
nitrogen also presents cryogenic
and high-pressure hazards.

Commercial
Uses of Nitrogen

One of the most important
comunercial uses of nitrogen is as
#n tnerting agent to improve

safety. Nitrogen is inert under
most conditions (i.e., it does not

react with or affect other material).

It Is often used to keep materizl
free of contaminants, including
oxygen— which can corrode
equipment or present s fire end
explosion hazard when in contect
with flamenable liquids or
combustible solids. Insuch cases,
a flow of nitrogen is maintained in
a vesse] to keepoxygen out.
Nitrogen is aleo used t© purge air
fram squipment prier to
introducing material, or I purge
flammable or toxic material prior
to cpertng equipsment for
mamtenance.

{n industrial and commercial
setungs where a nitrogen-enriched
environment may present a
hazard, such as when using
supplied ajr or working in o1
arourd spaces that are confined,

-

No. 2003-10-8 | june 2003




precautions must be taken to
ensure that sufficent oxygenis

p:Pvided to personnel.

¥ Nitrogen is safe to
breathe only when mixed
with the appropriate
amount of oxygen.

Effects of

Oxygen-
Deficient

Atmosphere

Nitrogen s not a “poison” jnthe
traditional sense. It presents a
hazard when it displaces oxygen,
making the atmosphere hazardous
toc humans. Bresthing an oxygen-
deficient atmosphére can have

3 CSB Safety Bulledinz offer advitory
' information on good practices far

. rnaging chemical proows hazarde
- Case studies provide supportng
: informaton. Selety Bulletire dffer
I trom CSB Ivestigadon Reports in
, that dey do nox compr shensively
i review all tw cases of an incident.

>
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serious and immediate effects,
only ane or twg breaths. The
exposed person has no warning
and cannot serse that the oxygen
level is too low.

The Occupational Safety and
Health Administration (OSHA)
requires employers to maintain
workplace oxygen at levels
between 19.5 and 235 percent. As
shown in the table on page 3. the
hutnan body is adversely affected
by iower concentrations.

As the oxygen concentration falls
below 16 percent, the brain sends

commands to the breathing contral
center, causing the victim to

In industrial and
commercial settings
where a nitrogen-
enriched environment
may present a hazard,

. . precautions must be
taken to ensure that
there is sufficient oxygen
in the atmosphere.

breathe fasiey and deeper. Asthe
oxygen level continues to
decrease, full recovery s less
certain. An atmosphere of anly 4
10 & percent oxygen causes the
victim to fallinto a coma in less
than 40 seconds. Oxygen must be
administered within minutes to
offer s chance of survival Even
when a victim is rescued and

resuscitated, he or she risks
cardisc arrest.
#* Nirogen ... presentsa

hazard when it displaces
oxygen.

Statistics on
Nitrogen
Asphyxiation

From reported data for the Untted
States, CSB identfied & nitrogen
asphyxiation incidents that
occurred in the workplace
between 1992 and 2002 In these
incidents, 80 people were killed
and 50 were mjured ?

Profile of Affected
Industries and Actlvities

Of the 85 incidents reported, 62
percent occurred in chemical
plants and refineries, food
processing and storage facilities,
metal and manufacturing
operations, and other industrial,
maritime, and manofacturing
sites, mchuding nuclesr plants.

Approximately 13 percent of the
incidents involved awintenance

'Dﬁmiwh&mm
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CSB identified 85
incidents that occurred in
the workplace between
1992and 2002 ... 80
people ware killed and 50
were injured.

activities, such as milcar and tank
truck cleaning, painting,
maintenance, and repair. These
incidents are categorized as
"majntenance” because incident
reports do not include enough
information on the type of
industrial setting; they could have
occurred at manufacturing sites,
which would increase the 62

| pexcent estimate above.

e —
| manholes —not specifically

SOURCE: Compressed Gas Assooation. 2061,

%

o
Atmospheric .. .

mlﬂm (%) Possible Resulis -‘i
20.9 Nerrmal. T ol J
B X Sotmu-rnd:ableadvu'uphyﬂdoglcddl-:u ' .
160 increased pulse and breathing rate, Impaired ._!
thnklngand attention, reduced mhnm §
140 . Abnormal fatigue upon exertion; mﬂuui upset.s
o B I’m:ou'dudnnpoor]l.ldmm Pl i

BN 2 R VtypoorMmmunde irrpdwed
"7 respirstion that nyampcnnmﬂhu-t i
damage, nawses, and vomiting - ; j
<10 hab&ytormw.bn_o_fcomoomﬁs,-j-“f;}:!

identifled as being in manu-
facturing facilities ~ account for
abcut 14 percent of the incidents.
The remainder of the mcidents
occurred in nboratories and
miscellaneous industries, such as
melical and transportation.

The data show that employees and
contractars slike are victims of
asphyxiation. Of the 85 incidents
revigwad, 41 mvolved contractors,
incuding construction workers;

Of the 85 inddents
reviewed, 42 invaved
contractors, including
construction workers;
these 42 incidents
account for over 60
percent of the faalities.

¥

. 130 workplace
fatalities and injuries
occurred from breathing
nitrogen-enriched ar.
Over 60 percent of these
victims were working in
or next to a confined

space.

theoe 42 incidents account for over
60 percent of the fatakties.

Causal information

From the C5B cata, a combined
total of 130 workplace fatalities
ard infuries occurred from
breathing nitrogen-erriched ajr,
Over 60 percent of these victims
were working in or next to a
confined space ™

Orne characteristic of a confined
space is its capability to contain an
atmosphere that may be totally
different from outside afr.
Confined spaces in manufacturing
sites typically include equipment
such as reactors, vessels, tanks,
and boilers. Other such spaces are
raficars, trenches, and areas
accessible by manholes.

+"Nex 10 confined spece” mears thata

10 OSHA, a confined space can
be to perform work, has limited
mwkees of egress. and b nct designed for
mmpbynwy A

“aquired confined space” indudes
2 spece that containg or has the potential to
contain a serions safety ar hewith hazeed,
such & » hazardous emosphare,




Failure to Detect Oxygen-
Deficient Atmosphere

Failure 10 detect an cxygen-
deficient {nitrogen-enriched)
atmosphere was a significant
factor in several incidents,

In the data evalusted for this
study, 67 of the 85 incidents
involved circumstances where
personnel were in or saround a
confined area-such as a railear,
room, process vessel, or tank
(Figure 2)—and nitrogen wis
initially present in high levels or
later collected in the ares, These
incidents accounted for 62
fatalities and 33 injuries. In each
of the 67 incidents, personnel
failed to detect elevated levels of
nitrogen and take appropriate
precautions.
When fatalities and injuries
occurred in “open areas”
{including areas with ventilation,
laboratories, buildings, and
outside in the vicinity of
equipment), the
hazard of
asphyxiation
was not
expected and
personnel were
typically caught
off guard. In
some cases,
personnel
unknowingly
created a
ritrogen-
enriched
atmosphere by
mistakenly
using ritrogen
instead of air o

T

fhush equipment prior 1o entry. In
either situation, inadequate
knowledge of the hazard and
faflure to detect additional
nitrogen resulted ina fatal
concentration of gas.

When fatalities and injuries
occurred in “open areas”
.. . the hazard of
asphyxiation was not
expected and personnel
were typicaly caught off
guard.

¥
Mix-Up of Nitrogen and
Breathing Alr

Confusing nitrogen gas with air
and problems with breathing-air
dellvery systems accounted for 12
of the 85 incidents, and approxi-
mately 20 percent of fatalities.

The data provide eamples of
workers madvertently using
nitrogen instead of air because of
interchangeable couplings on lines
and poor or nonexistent labeling.

In ane incident, a worker
mistakenly used nitrogen instead
of air to purge a confined space.
An inart atmosphare was
unexpected and undetected. One
worker was killed, and a colleague
also died while attempting rescue.
In another case, workers
inadvertently connected the hose
for thelr breathing-air respirator to
a pure nitrogen line.

'n one incident, a worker
mistakenly used nitrogen
instead of ar to purge a
confined space . .. In
another case, workers
inadvertenty connected
the hose for their
breathing-alr respirator
to a pure nitrogen line.

Fatafities and Injuries
During Attempted Rescue

One of the most difficult issues
concerming hazerdous atmosphere
emergencies is the human instinct
1o aid someone in distress,
Approximately 10 percent of
fatalities from the CSB data were
due to attempts to rescue injured
persors in confined spaces.




# Approximately i0
percent of fatalities from
the CSB data were due
to attempts to rescue
injured persons in
confined spaces.

Asphyxiation Hazards
Outside Industry and
Effect on General Public
Asphyxiation ha zards may ako be
present outside industry,
especially amang people who use
breathing air, such as firefighters,
divers, and medical patients,
Statistics on these types of
incidents are difficult to collect
ard are notincluded in this
bulletin, though anesuch case is
summarized below.

Selected Case
Studies

Failure to Recognize
Asphyxiation Hazards
Near Confined Spaces

Employee Dies After Partially
Entering o Nitrogen-Purged
Tenk

Twocoworkers and the victim
were claaning filters in a hydrogen
purifying tank, The tank was
partly purged with nitrogen to
remave internal dust particles.

The victim used a lift to access the
external area of the upper tank,
which was fitted with a manway.
As he leaned into the tank
opening, his coworkers noticed
that he was not responding to
thelr communication. They found
the vicim unconscicus, and he
later died as a result of oxygen
deficiency.

Employee Overcome While
Testing Atmosphere

An operator was conducting 8
flammmable gas test on a tower
feedline that discharged into a
low-pressure flare gas header.
The test was required for a hot
work permit to take flash photos.

The chief operator ssued a work
permit that required a supplied-
air rwpirator. Two contractor
pipefitters ware respirators and
removed the safety valve The
operator, however, ware no
respiratory protection.  After
climbing the scaffold, he was
evercome by nitrogen gas from
the open flare line before he conld
mmplete atmospheric sampling.

The operatar backed away,
bumed, and slumped to his knees.
He was disoriented and triefly
lost conaciousness. An invests-
gation concluded that the incident
was due to elevated levels of
aitrogen gas that had
tnadvertently entered the flare

systen,

Inadequate Monitoring of
Atmosphere

Contractor Asphyxiated Irside
Tank Car

White mineral oll in a tank aar &t
an oil refinery was offloaded by

injecting nitrogen gas into the car.
An employee of a relicar cleaning
cootpany was asphyxiated while

deaning the nitrogen-flled tank
CAT.

Corrupt Breathing Air
Supply

Two Laborers/Pointing
Contractors Asphy xiated

Two painting contractors were
abrasive-blasting tabes intide a
boiler ata chemiral plant They
each ware supplied-air respirstors
connected toa 12-pack duster of
rompressedaircylinders. Another
subcontractor monitared the wark
outside the confined space.

Work proceeded normally
throughout the night shift;
however, at2:00 am, the attendant
got no response after repeatedly
soonding the air horn. When
another contractor employee was
sent into the boiler to ascess the
situation, he found the two maen
lying on opposite ends of the
saaffolding.

When the plant health, safety, and
envirormental department tested
the compressed air 12-pack, they
found that it containad less than 5
pereent oxygen. The “aiy” had
been manufactured with too lowa




6

concentration of oxygen. (Note
This atal incident prompted
OSHA to issue a mfety alert on the
batch of breathing air.)

Mix-Ups Between
Nitrogen and Air

Three Employees Asphyxiated in
Coating Tank

The atmosphere inside a coating
tank was tested and ventlated the
day before work was o be
perfarmed. On the following day,
a contractor entered the tank to
clean it and collapsed. Two plant
employees entered to attempt
rescue, but they werealso
overcome.

The tank had been ventilated with
what was thought to be com-
pressed air but was actually
nitrogen. The atmosphere was not
tested prior to beginning work
All three men were asphyxiated,

Employee Killed by
Overexposure to Pure Nitrogen

A contractor planned to use an air-
powered hamnumner to chip residue
from a furnace in an aluminum
foundry. He wore an airline
respitatar. Of two compressed gas
lines with fittings, one was labeled
“natura] gas” and the other had an
old paper tag attached with ~air”
handwritten on it However, this
line actumlly contzined pure
nitrogen.

A splitter diverted one past of the
gAS stream to the air hammer and
the other pert to the airline res-
piratar. Once the respirator was
in place, the worker breathed
pure hitrogen and was
asphyxiated.

Four Killed and Six Injured in
Nursing Home

Anursing home routinely
ordered large pure oxygen
compressed gas cylinders for
residents with respiratory system
disesses. The supplier mistakenty
delivered one cylinder of pure
nitrogen with three cylinders of
oxyger: a nursing home
maintenance employes
ﬁnhenlympmd the nitrogen

Another maintenance employee
took this cylinder, which had a
nitrogen label partiaily covering
an axygen label, to connect it to
the oxygen supply system. The
tank was fitted with nitrogen-
compatible couplings The
employee removed a fitting from *
an empty oxygen cylinder and
used it as an adapter to connect
the nitrogen tank to the oxygen
system. Four deaths and six
injuries occurred as a result of
ptire nitrogen being delivered to
the patients

Good Practices
for Safe
Handling of
Nitrogen

Implement Warning
Systems and Continuous
Atmospheric Monitoring
of Endosures

The atmosphere in a confined
space oz stnall enclosed area may
be unfit for breathing prior to
entry, or it may change over time,
dependmg on the type of
equipmentor work being
performed. Recognizing this
hazard, good practice calls for
continuous moritoring of a
confined space to detect oxygen-
deficient, loxic, or explosive
atmaspheres. The entire confined
space should be manitored — not

just the entry portal.

The atmosphere in a
confined space or small
enclosed area may be
unfit for breathing prior

to entry, or it may
change over time . . .

Warning and protection systemns
include flashing lights, audible
alarms, and suto-locking

entryways to prevent aceess. Such
devices, if properly installed and




maintained, wam workers of
hazardous atmospheres. Personal
monitrs can measure oxXygen
concentration and give an audible
or vibration alarm for low oxygen
concentrations.

Good practice calls for

CONTINUOUS MOMLoring
of a confined space to
detect oxygen-
deficient, taxic, or
explosive atmospheres.

Ernsure Ventiiation With
Fresh Alr

Because the atmosphere of &
confined space or smell/enciosed
area often changes during the
course of wark, it is exsential to
maintain continuous forced draft
fresh-air ventilation before the job
begins through to com pletion.
Areas with the potential to contain
clevated levels of nitrogen gas
should be continuously ventilated
prior to end during the course of
the job.

Ventilation is also recudred in
rooms and chambers into which
nitrogen may leak or vent. [na
few of the study cases, people who
were simply working close to the
nitrogen-containing confined
space, room, O enclosure were
asphyxiated.

Systems must be in place to
properly design, evaluate, and
maintain ventilation systems. A
warming system will alert workers
of a dangerous atmosphere.

%*

Personnel should be trained on
hcw to properly respond and
evacuate in the event of fajlure of
the system.

implement System for
Safe Rescue of Woriers

Rescue may be necessary in the
event of continuous monitoring,
ventilation failure, or another
emergency condition. The ability
to immediately retrieve
immobilized workers is a aitical
component of confined space entry
preplanning.

It is essental to mantain
continuous forced draft
fresh-air ventlation

before the job begins

through to completion.

Omae method isto attach a body
harness end lfeline to personnel
ertering confined areas. This
procedure alsc benefits potential
rescuers because they do not have
to enter the confined area to
retrieve thevictim. However,
wher a worker enters a pipeline,
scene furnaces, ducts, or other
pulling on a line attached b a
body hermess may cause the
pascn to bunch up end become
stuck inside

Depending an the situation,
wrigtlets or anklets attached to a
lifeline and a retrieval mechanisin
allow the confined space attendant
10 pull the person out by the arms

or legs. The attendant and rescue
personnel should be available at
all imes. Rescuers must havean
effective system to commundicate
with personne! inside enclosures.
No one should enter a dangerous
atmosphere without proper
personal protective equipment.
The last mensure of defense
requires personnel to actually
enter the confined area o retrieve
the victim. This approach should
be used only when personnel are
appropristely trained, have
donned rescue equipment, snd
have dependable breathing air.

Approximately 10 percent of
fatalities from the survey data
occurred to personniel attempting
rescue. These deaths could have
been prevented if a reliable
retrieval system was in place.
Sucha system would also prevent
many entry worker fatalities
because it provides for quickly
removing the worker froma
dangerous atmosphere to s safe

ona

Ensure Uninterrupted
Flow and Integrity of
Breathing Alr

Breathing air must be supplied
when workers enter environments
where cxygen is or may become
deficient Workers may use either
a self-contained bresthing
apperatas (SCBA) or an airline
respirator, which consists of a long
hose connecting a breathing air
supply to the respirator ar hood.

Because a worker using an airline
respiratcs does not control the




¢ Breathing air must be
supplied when workers
enter environments
where oxygen is or may
become deficient.

source of supply. air may
suddenly or inad vertently be
interrupted. For example, a power
failure may stop an air
compressar, the air supply may
simply run out, or the supply hose
may become twisted or obstructed
(eg. by a vehicle), When supplied
air is used, facility management
systems must protect against
interrupdon of airflow and
provide alternate sources of power
for the compressors.

A comprehensive management

system includes the following

* Continuous monitoring of air
supply.

s Routine inspection and
replacement of supplied-air
hoses

e Restriction of vehicular trafficin
the area of supply hoses.
When using supplied air, a2 worker
should carry a small backup
cylinder (escape pack) ~attached
to a different supplied-air
system — with enough bresthing
air to last 5 to 10 minutes.
Breathing air is manufactured
either by purifying and
compressing air or by mixing
nilrogen and oxygen to the
appropriate ratio. A breathing-air
compressar and its hoses should
be specifically manufactured for

M

and dedicated to breathing-air
systema. The compressar should
have a moisture trap, an oil trap,
and a carbon manoxide sensor and
alarm. When breathing air is
manufactured by mixing nitrogen
and oxygen, the pressure of the
cylinders during filling must be
known to ensure that the carrect
amounts are mixed. The final
product must be tested to ensure

its integrity.

Prevent Inadvertent Mix-
Up of Nitrogen and
Breathing Air

To prevent interchanging com-
pressed nitrogen with compressed
industrisl grade air or compressed
breathing-quality air, specific
fittings should be used for each
cylinder. Cylinders for nitrogen,
industrial grade air, and
bresthing-q uality alr have distinct,
incompetible fittings that cannot
be cross-connected.

Personnel should

understand that the
fittings are intended to
be incompatible to
ensure safety.

Personne! should understand that
the fittings are intended to be
incompatible to ensure safety.
Cylinders should be dearly
labeled; typical cylinders are
shown in Figure 3. Labels an
piping systems, compressors, and

fittings are additional reminders of
which gas is contained inside.
Color coding also helps to identify
systems.

Develop and Implement
Comprehensive Training
Prograns

The good practices for safe
handling of nitrogen, described
above, are effective only if
perscnnel are tramed on the
importance of the following:

# Use of ventilation systems,
retrieval systems, and
atmaspheric monitoring
equipment—bothhow to use
themand how to determine
when they are not working
properly.

¢ Dangers of nitrogen-enriched
atmcspheres and the systems to




prevent interchanging breathing
air and nitrogen.

» Implementing good hazard
communication, which includes
safe handiing of air and
nitrogendelivery systems.

= Mandatory safety practices and
procedures forentry into
canfined spaces, such as
permits, providing an attendant,
manitoring, ventilating, rescue,
and contractor oversight

s Precautions when working
around equipment that may
contain elevated levels of
nitrogen

® The reason for special fittings on
compressed gas cylinders.

e Proper use of air supply
equipment

Training should cover new and

revised procedures for confined

space entry, and establish
measurements for employee

proficiency. Comtractors as well as
empioyees should be trained.

3 Contractors as well as
employees should be
trained.
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Experimental hypoxic brain damage

J. B. BRIERLEY

From the Medical Research Counci! Loboratories, Carshalton, Surrey

The majorky of hypozic cpisodes that result in
histologically proven damage m the human brain
cannot be adequately defined in physiological termm
They are usually accidents so that basic information
such as the precise duration of & cardiac arrest or the
bicod pressure and beart mate during a period of
severs hypotention is very rarely available. In such
cases, neuropathological descriptions, however ex-
baustive, may well explain the final nevropsychiatric
status of the patient but can at best indicate only
tmudvdyﬂ:nlmdlheeﬁmd:luf
spproach is justified if it can

mdnt: whether damage of a particular type in
peuroones and in white matter is or is pot a direct
consequence of a particular hypoxic stress adequately
delineated in physiological tams

At the outset it must be recalled that the ensrgy
for the normal functioning of the central nervous
system Is derived from the oxidative metabolism of
ghucose. A deficiency of oxypen or ghucose wil
impeir fanction and if severe and protracted encugh
will lead to irreversitic brain damage. Interruption
of the oxygen supply produces the most rapid
Impairment of brain fanction. Thus consciousness is
lost about 10 sec after circulatory arrest. Abrupt
anoxia exemplified by inhalstion of an inert gms or
sudden decompression to an altitude above 50000
ftleads to loss of comsciousnessafter aslishtlyloager
interval (17-20 sec). This rapid losz of consciousness
In instances of profound hypoxia may well be
responsible for the widely held view that enduring
brain damage may begin soon aftor consciousness is
lost.

Types of bypozia

Before coosidering the relatioaships between the
known neuropathological patteras in the human
braic that are axribed to hypoxia sad their apparent
counterparts in the brains of experimental animals, it
will be useful to classifly the several types of hypoxia
However, it will be shown that there is no justifics-
tion for the assumption that each type of bypoxia
can, per se, give rise to brain damage, The ariginal
classification of Barcroft (1925) must be modified In

the light of subacquent information from human and
expetimental animals sources as follows :

1 1sCHAEMIC
Blood flow is axrested in the brain as 3 whole orin
the territory of a single artery,

2 OLIGAEMIC

A reduction in blood flow in the brain as a whole or
within the territory of a siagle artery may occur
a3z a result of a greatly reduced cardiac output or
major systemic hypotension from any cause.

3 anoXIC

The arterial oxygen teasion is 0 mm Hg. It occuss if
inert gases are Inhajed, If there Is toml obstruction of
the upper respinatory tract or in the event of cudden
exposare 1o an altitude greater than 350 000 ft (the
combined tensions of water vapour and carbon
dioxide within the pulmonary alveol then exceed the
ambient pressure asd no oxygen can enter the lungs).

4 RYPOXIC

Thereis some reduction ina pOszhort of apoxsemin.
This ocams in chronic pulmonary disesse and in
congestive heart disease; when the inspired oxygen
is diluted by an inert gas (a8 in some ansesthetic
accidents) and abso in exposures to altitudes less than
50000 ft,

5 ANARMIC

There is some reduction in the amount of circulating
haemoglobin available for combination with oxygen.
It can occur after severe baemorrhage, In sevese
hypochromic agaernia but the commonest apparent
cause of ansemic brain damage is carbon monoxide
intoxication.

6 HISTOTOXIC

‘This nnpﬁu the poisoning of oxidstive cozrymes
whhin neuronal mitochondria. Cyanide and sride
are examples

7 RYPOGLYCAEMIA
A of the principal substrate, glucose, per
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¢ can alsa give rise to ischaemic cell change even if
the Jevel of arterial oxygenation is normal

The previous contributors to this section of the
Symposium have defined the nature and time course
of ischsemic cell change and have pointed out that it
is the prindpal neuronsl response to all types of
hypoxia in the brains of rodents as well as in those of
primates including man. In this survey of the brain
damageattributable to hypoxia in all its forms, only
the patterns of distridution of ischaemic ccll change
will be considered with emphasis on the contributions
from experimental studies.

1 Ischaemic

Arrest of circulation within a single brain artery
resuks in an infarct which can range in size from the
‘total terrilory’ in an snatomical seose to & small
volume of tissue close to the point of arterial
occhision. Where the cortex of cerebrum or cerebel-
lum is concerned the extent of infarction b deter-
mined by the level of systemic blood pressure at and
after the instant of occlusion and, in particular, by
the functional efficieacy of the leptomeningeal ves-
sels tha! anastomose with the cortical branches of
neighbouring arterics. 1 these anastomotic systems
and the ma jor artsries in the peck and the cirde of
Willis are normal, the cortical infarct will be small. If
ane or both are the site of occlusive vascular disease,
the infarct will be farger.

It must be borne Lnmind that the basal gangita and
the interoal capsule, in particular, are supplied by
end-arteries (penetrating or ganglionic branchesof the
major cerebral arteries) Occlusion of an arterial
trunk proximal 10 the ganglionic branches produces
an isfarct in these deeply piaced reglons of grey and
whitc matter even in the heakthy experimental
primate. Evidently the retrograde flow of blood from
keptomeningez! anastomoses into the arterial stem
may never enter all its ganglionic branches or, if it
doet so, it may be too little and too late to avert
kreversibk tissuc damage Thus, for cxample,
division of the middle cerebeal artery close to its
origin from the internalcarotid artery in the baboon
kaves the sasory and motor cortex intact and
cortical infarction is confined to some portion of the
mnsula. A variable hemiparesis involves oanly the
contralateral face and upper kb and iss peuro-
pathological basis bas been thown to le entirely
within white matter, ie, in the genu and supra-
Jentif orm portions of the internal capsule, where after
a sarvival of three years there is & sharply circumn-

J. B. Brieviey

primste are sharp reminders that such ‘'models’ can-
not provide two of the most important factors in the
actiology of “stroke’ it man. These are some impair-
ment in cardiac function (leading to some reduction
in cerebral blood flow) and soms degree of occlusive
vascular disease. These (actors, singly or together,
account for the extension of the infarct into the
centrum semi-ovale and even into the whole of the
apatomical cortical territary. It follows, that in the
human- traln, ischaemic necrosts in some portion of
an asrtetial territory can seidom be explined
satisfactorily without careful examination of the
myocardium, the coronary arteries and the major
arteries of the neck and brain.

Owverall or giobal arrest of the brain circulation
Jeads to a loss of consciousness in eight to 10 sec and
the EEG is isoelectric a few seconds later. Respira-
tion fails at about the same time while the heart may
contisue to beat for a matier of misutes. Neoro-
pathological descriptions of the comsequences af
circulatory arrest (including 35 personal cass) pro-
vide the best examples of the invohenent of the
‘selectively vulierable’ regions of the brain in
hyponia. Frequendy, little of the cerebral cortex is
normal but damage s usoally greater in the posterior
haif of each cerebral hemispTere, in the floon of
s rather than over the crests of gyri and in the
third, fifth and sixth hyers rather than in the second
and fourth. Certain portions of the hippocampus
{zones h 1 —~Sommer ssctor—and h.3-5,-—=endfolium)
are vulnersbie as are the Purkinje cells of the
cerebellum. Many sessory nuckei in the brain stem
are vulnerable in the infant and young child (Ranck
and Windle, 1959; Brieriey, 1965, 1976).

Where circulatory arrest has been studied in the
experimental animal, it is important o tecognire
that carlier studics were concerned to define the
maximum period of arrest of the cerebral circulation
beyond which some degree of ireversible brain
damage would occur. Attempts to define such a
‘threshold’ have been reviewed by Hofl o of (1949),
Meyer (1963) and Bricriey (1976). The genenul
conclusion [rom these studies has been stated by
S:ht:id:r (1963) as [ollows: ‘A compicte revival

without newrological or histological duvage cannot
be brought about after a completc stop of bran
circulation of more than four 10 five min duration’.

In contrast to the experiments summarized above,
certain recent stodies have atterapted to define 2
much greater period of circulatory arrest after which
there can be some evidence of recovery in af leasta
meurophysiclogicalsenseandhistologicalexamination
can show that some parts of the brain are normal
Thus Hossminn asd Sato (1970) claimed that
'... ubequivocal signs of acuronal recovery can be
detected after compilete ischacmia of moce than one
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bour's duration’. Hirsch e2a/(1975) failed to confirm
these results and attributed ‘recowery’ after such
protracted ischaamis in the experiments of Hossmann
and Sato (1970 and subsequent studies) to the pro-

recordings of the EEG, have boon made
adeguate period of survival Al these are csscntial
for 2 meaningf ul appraial of ‘recovery’. Finalty, after
inwivo perfimiop-fixation of te bmin. bewro-

pathological examination of the brain mmmt be
comprehensive. Unfortunately clinico-pathological
studies according tosuch sandards bave 0ot yet been
reported in support of the claim that ‘recovery” of the
central nervoms sysiem can occar after periods of
circulatory mrrest far in excem of those h!hﬂ'to

systennic hypotensioo

wvene] itself. l.flownmﬁunﬂyhnpmdtheun-
come will he an infarct involving grey and white
matter. Such a Jocal reduction ic flow can only be
inferred if thrombosis and emboltismcan be excluded.
There are, s yet, no experimental models of this
particilar situation

i

xntudmnlmm-mmmm
pressure while arterial oxygemation

systemic hypotension is largely respomsible for the
fact that ischaemic danmage along arterial boundary
rones of the cortex of cerebrum and cercbeflumis the
commonest neuropsthological outcome of hypoxla
in al s forme. It it important to appreciate that no
experimental mode] permitting the introductioo and
control of oligacmia, hypoxaemia and partial
vascular occlesion is yet available,

Previom contributors to this section of the
Symposium have emphasized that thi ‘boundary
zone’ pattern of brain carmege can coly be idestified
if blocks far histological examination are selecied
with an awareness of the anatomical distribution of
the cortical arteries of cerctwum and cerebelflum,

3 Anoxie

Anoxia, induced by bresthing pure nitrogen, has
been wudied in boman volunteers by Gasta o1 of
(1961) and Ernsting (1963), After & few seconds the
EE(} shows low voltage activity at 11 to 13 ¢/s and
coneciousness is lost at 17 to 20 sec. In experimental
animals, longer periods of nirogen breathing lead,
afier an Inidal hyperventilation, to siowing of
respirstion, bradycardia and a faling blood pres-
sure, Apnoea occurs st about the third mimute while
blood pressure is still appreciabie (520 mm Hg) at
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the fifth minute (Swann and Bruces, 1949). In the
Rbesus monkey, the responses to nitrogen breathing
arc similar and il mechanical ventiation is begon
soon sfuxr the ‘a3t breath’, the blood pressure rises,
mpoataneous respiration is resumed and the EEG,

neuropathologiaal

damage (Brieriey and Mekirum, onpublished
observations). Evidently the period of anoxsemia
and of secondary circulatory Impaitmnent is too brief
10 lead to iachaernic newronal akerations o that it

oxygen teasion that does not Jead to carly apnoea
and cardiac faflure is about 20 mmn Hg, At this level
the cerebral vascular bed §s fully dilatad, the cerebral
A-Y oxygen difference is reduced (doe to reduced
cxygen coasumption and increased blood fiow) but

together with slowing of respiration herald the
crisis that scts the limit to the

dmmmﬂnwoddhodisorhmmm
(Cross ¢t al, 1963). As blood peessure continees to
fall respiration ccases and the EEG becornes [so-
clectric at about the same time. Adequate resuscita-
tion commenced soon altex the ‘last breath® can, as
after anoxic anoxia, allow the henrt to recover,

systemvic
damage through the medium of a secondary reduc-
thon in perfusion pressure.

J. B. Brigviey

In the buman subject exposed to hypoxia not
severe enough to bring about faikare of respiration
and the heart, the initial increase in cerchral blood
flow may be 30 restricted by occlusive vascular
disexse in the arteries of the brain and/or neck that
ischaernic brain darnage may easue,

5 Amacmic

There it no conviecing avidence that a simple
reduction in circulating haemoglobin due 1o severe
hypochromic anaemis (iron-deficient or haemolytic)
or w0 haemorrhage can result in brain damage
Carbon monoxide ntoxication remains the sole
cxamphe of anaemic hypoxis{due to the formation of
stable carboxybhaemagiobin) that ¢can be associated
with schaemic cell change and alwo with damage in
white matter. The pathology in the human brain has
been reviewed by Meyer (1963), Lapresie and
Fardeau (1966) and Bricriey (1976). lschacmic
alterations may be seen in the vulaerable regions of
the cortex of cerebrum and cerebellum and of the
hippocampus. Necrosis in the globus pallidus b not
invariable (Meyer, 1928; Laprede and Fardeao,
1967) and dmmbage in white matter varies con-
siderably.

The presence of some element of perfusion leilure
in the genesis of, at least, the cortical damage was
suggested by the report of Poursines er al (1956). A
worman, aged 33 yean, lived 26 days after atterhpted
suicide with illurninating gas. In her brain, laminar
necrosis was distributed along arterial boundary
zones but infarmation concerning respiratory and
cardiac functions early in the survival period was
lacking. The cate of Neubuerger and Clarke (1947),
dying 13 days after carbon momoxide poisoming,
exhibited patchy myocardial infsction suggesting a
direct effect of carbon moncxide on the myocardiom.

Amwmmmdumm
Drabkin (1944) in the dog was important because,
alter intermittent exposures to carbon monoxide for
up to 11 wenks the electrocardiograms were abnormal
and the brain damsage was considered to be simidlar to
that sten in man but was not described In detail
Fmdmldmw:muﬁu

were presented by Elwich er ol (1944) Recendy
Ginsberg ¢ al (1974) exposed 19 Rhesus mankays to
0-2 or 0-3 per cent carbon monoxide for 60 to 313
min with a carbaxyheemogiobin level of 72 to 77 per
et throughout Cardiac arrhythrains and some
degree of hypotension were common but the EEG
was oaly inermittently soelectric. Grey matter
darmage (globus pallihns and hippocampas) was scen
in lems than a fifth of the brains while white matter
was abnormal in the majority. Apparently the degree
of mtoxication was pot sufficient to produce the
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mOoTe extensive grey matter damage 0 ofn seen in
the human brain.

Further conlirmation of a direct effect of carbon
roonoxjde oo the beart was provided by Hodjati ef of
(1976) who irrigated the cerebral circulation of one
dog from opec carotid artery of a dooor aninsal A
mean carboxyhaemogiobin level of 32 per cent in the
donor aniroal led 10 bradycardia, hypotensioa and its
death in 10 to 15 min. All the reciplents survived.

§ Histotoxde

Cyanide, the best known caase of histotoxic hypoxia,
acts by inhibiting cytochrome orxidase jo mito-
chondria whik the oxypen tension ind content of
arterial blood remain normal The few human cases
with deinyed desth and evidence of bmin damage
have been reviewed by Brieriey (1976). There was
loss of seuronss in cervbral cortex and cerebellum
and 1 single case thowed baemoarrhagic necrasis in
exch globus pallidus. Hyperaemin a od haemorrhages
occurred in white matter,

Numerous experimeptal studies have suggested
that cyanide, in any form and administered by any
route, can damage neyrones aod myelin sheaths, In
the first experimental study (Meyer, 1933) sub-
cutanecus injections of potasium cyapide in dogs
and rabbits produced typical ischac mic alterations in
carebral cortax, globus pallidus, hippocxopus and
cerebellum. White matter damnage was most marked
io the corpus callosum Sybsequest studies were
more concerned with white matter damage because
of its apparent similarity to the plagues of multipie
sclerosie. However, the report of Levioe and
Stypulkowski (1959) was poteworthy because it sug-
gested that grey matter damsgein the rat brain after
the administration of cyanide was largely duc to
concomitant lschsemia and hypoxic hypoxia
Brieriey ¢7 of (1976) gave sodium cyanide to rats by
intravenous infurion. There was Adl physiological
mooitoring io an amaesthetized group and restricted
monitoring in the unapacsthetized remaindey. White
matter, particularly e cops callosum, was
darmged in six of ¥ anipek and grey matter
additionally in only one. In the htter animal
particularly marked and it was concluded that the
seuronal damage was brought about through the
medium of the sccondary effects of cyanide on the
amhﬁmharmnmﬂyinunulmam
et al, lQTI%h cyanide was given by intravenous

effects of the infusion oo respiration,
heart rate, blood pressure, blood gases and the EBG
wers mooitored in the hghtly anscethetized animals.
Brain damage was som in four of 11 animal [t
irvolved white matter in all four but chaemic cell

damage ko the human brain s
usually associated with irreversible coma and Meyer
(1963) stated that the neuropathological Sndings
‘.. . closely resemble those which ooy in other
types of apoxia’. Most of the selectively vulnerable
regions may be involved but with a tendency so spare

only

Knhnmuym(lﬂﬂ)lndummdltdm
(1971) studied the long-term effects of iosulin-
induced hypoglycaemia in Rbesus monkeys. Blood
glucose feld to 20 my/100 ml afer one and a balf to
thr ech and was maintained at this kevel for four to 10
b with normal blood oxygeoation. In seven of 11
mimalk there was neuronal Jost with & giomesoder-
mal reactico in stristum, cerebral cortex and
hippocampus.

haﬁuwd&eﬂ:mmm

intravenously while EEG, EKG, heart and respirs-
tory rakes were recorded and blood gas tensions, pH
and glucose content were measured at intervals
(Medrom er of, 1971). When blood glucose was
below 20 mg/100 ml for more than ¢two b and the
brains were fixed by ion, typical ischaemic cell
change (from the stage of microvacuolation) was
seen in the cortex and occasionally in stiatsm,
hippocampus and cerebellum Thus a major
deficiency in substrate alone can produce the same
type of neuronal damage as 2 deficiency of axygen.

Coachaios
It will haui:l:ﬁmthhhﬁmwﬂmm



uniformiy within the ‘selectively vulnerable’ regions
of the brain. In the remaining categorics of hypoxia,
ie, oligaemic, ancxic, hypoxic, hisiotoxic and
probably ansemic (carbon monoxide), an initially
pure hypoxic stress in the intact and spontancously
breathing animal gives rise, sooner or later, 10
terminal secondary impairments of respiration and
particularly of drcutation In the healthy experi-
mental animal, bowever, it & only rarely that the
associated period of reduced cerebral blood flow is
long enough to cause brain damage but notioo long
10 preciude recovery. In such instances, brain damage
consists of a concentration of ischaemic cell change
along the arterial boundary zones.

Experimental studies have shown that the terminal
hypoxic cardio-respiratory deterioration or crisis
consists of a slowing of respiration to the paint of
apnoea with a fal in blood pressure and in beart rate
(but the heart may continue to beat long after the
last breath”). There is a more or less parallel decline
in EEG background actlvity and an isoelectric state
is reached at aboat the time of the ‘last breath’. There
is no evidenoe to suggest that systemic hypoxia of any
type can kad to braln damage unless the EEQ has
been isoelectric for an appreciable period. In the
paralyzed and mechanically ventilated animal
exposed to systemic hypoxia, initial hyperventiation
as well as the Yast breath’ cannot occur and the
duration of hypoxia may be considerably prolonged.
For this reason “thresholds’ for brain damage
defined in such preparations must be applied with
considerable caution to the spontaneousty breathing
experimental animal and to rman

There is now ample evidence to show that in the
intact healthy, and spontancously breathing animal
tolerance to hypaxia is limited by the respiratory snd
circulatory systems and not by the intrinsic energy
reserves of the brain ftself. If effective resuscitation is
begun soon after the tast breath’ the EEG will
return and the brain will be undamaged. Thus a
depremsion of central nervous system function up to
and some time after the ast breath’ and the appear-
ance of transiently isoelectric EEG need have no
structural consequences.

The relative frequency of all degrees of ischaemic
damage in the human brain after hypoxic episodes
does not, however, necessarily imiply a greater
susceptibility of the bram itself. The existence of a
single type of hypoxia in humaa patients is rare It
should be stressed that several types of bypoxia, each
constituting a relatively mild stress can, in combi-
nation, produce brain damage. The additional
factors most probably responsible for the increased
exteni and frequency of brain damage in man are
twofold. Precxisting cardiac disease will impair the
capacity to maintain a high level of blood flow

J. B. Brieriey

through a cerebral vascular bed initially fully diated
by hypoxia It will aiso impair the rapld restoraton
of normal cerebral blood flow after any terminal
ardio-respiratory crisis. Secondly, preexisting ncclu-
sive disease in the arteries of brain and neck and any
impairment of the normal reactivity of the smaller
cerebral vessels will further reduce cerebral blood
flow during and after hypoxia,

In condusion, experiments in physiclogically
monitored, spontaneowsly breathing animals can
show that hypoxia givesrise to an integrated series of
responses in the respiratory and circulatory systems
and in the nervous system ksell, Initially these serve
te maintain brain function and respiration in
particular. Ultimately these compensatory cardio-
respiratory responses may fail. Experiments have
also shown that where the harnan brain is concerned
the commaonest cause of damage must be sought in
some failure of brain pafusion.

Theauthor is greatly indebted to Dr Pamela F, Prior
(The EEG Department, the London Hospital) for
many belpful suggestions and comments in the
preparation of the manuscript.
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THE EFFECT OF BRIEF PROFOUND HYPOXIA UPON THE
ARTERIAL AND VENOUS OXYGEN TENSIONS IN MAN
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The partial pressure of cxygen in the alveolar gas may be reduced
either by decreasing the total pressure of the environment or by replacing
the ocxygen narmally present in the inspired air by an inert gas. The severe
snoxia induoed by rapid decompression from 565 to 135 mm Hg abeolute,
whilst bresthing air, may be terminated by the delivery of 100% oxygen
to the respiratory tract. The effecta of such brief profound snoxia upon the
alveolar and arterial gas tensions and upon ths central nervom system
have been studisd extensively (Emsting & McHardy, 1963; Ernsting,
Gedye & McHardy, 1960; Ernating, 1962). The effect of the resultant
severe but short-lived arterial hypoxsemis upon the supply of oxygen to
various organs of the bodyis of considecable intarest. The oxygen content
of the venoas blood flowing from s region reflects the balance betwesn the
supply of oxygen to it and its metabolic oxygen consumption. Continuous
messurements of the oxygen content of the venous blood fiowing from
several regions have been made in subjects exposed to brief but profound
hypoxia. In the experiments described in this psper a short period of over-
ventilation, nitrogen being used as the inspired gas, was employed in
place of rapid decompreasion to induoce hypoxia. This method allowed more
extensive observations to be made than were cousidered practical in &
decompreagion chamber.

METHODE

Induciien of Agposéa. Thres bealthy maen, aged from 33 10 38 years, wars uasd. The sub-
ject lay on & couch and bresthed threugh a valve bax, to the inlet of whish two taps were
cosnected in serim. The side arm of the tap next to the box wes opsn to the stospbers.
Ooe erm of the swad tap waa commcied 40 & demand valve which wae sopplied with
nitragan, whilst the other arm was Y d demand valve sopplied with
axygen. Befure the axperiment was started the homs betwese the tero decand
and the ascoad tap wers purged with the gas deliversd by the corresponding regulstor. The
dead apace batwesn ihe two tape wae parged with nitroges o sssurs that 100 9% nitrogen wis
deliversd direstly the £ret tep was oparnted During sesh rest period the first tap wee
positiansd 20 thet the mbject breatbed air. Nitrogen was administered by jastrocting the
muibject to axpire maximally st the ead of & normal sxpirstion, aad ¢ this matant the firet
tap was turned oo thet the subjeet breathed from the damand velve which supplisd altrogen.
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During the period of breathing nitrogsn the subject was instrueted to breathe as desply ad
possibly st & rats of about 30 breaths per minute. After 7-80 sec over-veatilasion with
nitrogen tha first tap was returned to its ariginal position so that air was breathed again
At the same tirne the subject was t0ld 10 cesse over-breathing.

Bespired goe towisma. The partial pressures of oxygsn and ecarbon dioxida in the gaa
pessing the subject’s lips were recorded continyously in all the sxperiménts by means of &
respiratory oass spocirometer (Fowle & Hugh-Jones, 1087), Prliminery studics showed
that the cutput of tha instrumant wes linearly relatad to the partial pressnre of sech of
thowe guses. The delay betweem & sudden change of partial pressure of sither st the sampling
tip and the beginning of the responss of the recording pen motar was (-2 sec and §0%, of the
total responms oceurted in & further 01 see. Calibrations smploying ges mixwire of known
composition wers perfortoed at intorvals throughout sach experiment. Over a 30min
period no signifcant change occurred in the sentitivity of the instrument. The pulnonary
veotilstion waa recorded in some of the experiments by collocting the expired gas in a
recording Timot spirornster.

Biood sampling. 1D separats experiments blood was sampled continuously from vatiows
sites in the cardiovageular systam  Blood was obteined from the brachial artery and the
fermoral vein throngh a Coumand nesdls introduesd into tha vesse) aftar bocal aralgesis had
been produced with 2% lignocaine. A catheter was intraduced into the right sida of the
heart through & largs-bore needle which had been inserted into & vein in the antecubital
fossa. The paosition of the cathster was determined during ks introduction by recording the
prossure at $he tip by means of & straia-geuge pressurs tramducer. The catheter was advan
ood until its tip lay in the pulmonary artery. Blood fiowing through the intarnal jugular
vein was sampled by means of a redic-opaque cathetar which was introduced into a vein
which had besn exposed through an inrision in the right anwcubital foma. This cathater was
sdvanced under direct Suoroscopic control with the subject's head hald aganst his laft
shoulder, The catheter entersd the tight interna) jugular vein and was placed »o that its end
Iny above the level of the tip of the right mastoid process. Wh in placs, the patancy of the
Cournand needle or the intravascular catheter was meintained when sampling wes not in
progrem by a fow of sterils physiclogical saline (NaCl Mgllmml), approximatsly
2 mljmin contalning heparin (200 i.../100 L)

Recording of blood oxygen saturction and pH. The bleod from the nu‘vmuhr neadls or
catheter flowed through a tubular exvetts oximater (Fig. 1) and was then diluted 1:10 with
noutrsl physiologicsl saline tc which heparin had been added (Sherwood-Jones, Robinscn
& Cocks, 1960). The diluted suspens:on of blood was then passed through & microfiow-glase-
slectrode-cakumel-ref aronce-slectrods system. The saline reservoir and microflow-slacicode
syatem wers immervad in & water-bath which was maintainad at 32° C. The fiow of blood
and the desired dilution of the blood with seline wers produced by mesns of a two-cylinder
pump with & single piston, the velacity of which could be varisd. The pump was coastructed
w0 that the croas-sectional ares of one cylinder, which was charged with saline, was 10/11 of
that of the other cylinder into whicl: the mixture of saline and blood was drawn afser it had

pasesd through the glass.slsctroda systam. In il tha erpatimenta a blood mmpling rats of
mmljmmmu.ld.

Ths outputa of the gximeter amplifiarand of the pH mater wers fod on to two of the pm
motors of a recorder. Preliminary sxperiments showed that the cutput of the oximetar
amplifisr wea linearly related to thw oxygen ssturation of the blood Sowing through the
covetta At the baginning and end of sach pariod of recarding the output of the oximster
was calibrated by drawing s folly setorated sampls of blood and s second sample of 8 known
dagres of ursatyration through the cuvette. A linear relation was ales found between the
pH of the biood and the output of the pH meter. The cutpus of the latwr was calibratad at
intervals by umng two phosphate buffers (pH 6-84 acd 7-60). The tims courss of the rs-
sponms of the antire measyring aystam to « sudden change in the oxygen saturstion and pH
of the bicod staring the sampling system was detocmined at the md of sach sxperiment.
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What saxmpling was required the drip of beperinired salne wes turped off and the speed of
the sampling pump was increamd wntil blood wes withdrawn at 20 ml/min. Sampling wes
continusd for | min bafore the subject brasthed nitrogen sad wea maintained cntil all the
disturbances produced by the procedure bad subsided.

Bleciroencaphologrom (0.09.) end shecirecardiogram (s.c.g.) rascording. In many of the
Whmqmmmmd-ﬁDpﬂm“‘Monﬂ-
sealp over the frontal snd occipital regions of the lsf't side of the beed. The potantial changes
from sack pair of slectrodes ware amplified and recorded ats bigh paper speed. In addition,
lead ITI of the s.cg. waa recorded.

Fig. 1. Apparatos for the continuous measersment of he GEYEW0 MtTstion and
pE of blood. Bilood is drewn into the apparatus through & setheter sad then it
passes throngh the covetts oximetar. Salins at 38" C driven by the pump in the
direction indicated by the arrows mizms with the blood snd the dikuted biood
flows through the pH electrode smembly back to the pump.

Arterial prasews end calf boed flow. The artetal blood pressare was recorded throagh &
mnuﬂobymdmmhnmmpmmm-umd
vﬁwmmmh‘hp.hmmbmm-Gwhm
wmﬁlimwdwmmmhmﬂmdlm Pre-
liminary messorements demcpstrated that the complete reccrding systern faithfally

lhw-mdpha-din-aﬂdpr-nlmnﬁqu-ﬂof
upw!onfmThnmbyudbmin-hdhbthhuﬁnlMudlbuI-imm
phudontbmhorhmtﬂﬂnﬁuthaﬂpdmmmmmtdthmpﬁh
coopactad to the traneducer, which was fed 10 cne channel of the recordse, was calibrated
by mesps of & ercury manomater befare and after esch serbee of meapuremnenta Biood
ﬁwwthﬂmmuudbrmdmmmm.ﬂhn
inercory-in-rubber sirsin gaugs (Whitasy. 1968} to memrare changas in the circumferencs of
the calf. The lower Emb waa supported 80 that the kower border of the oslf was juet above
the harinantal level of the stecnal sngle. The cireulstion to the fool waa cocloded by means
«awwmmmmhumuwmmmlmwmmﬂ
blood flow tmeasurements wers started. The venowm outfiow from the calf was obetruoted
for 50 of svery 10 sec period by inflating the euff placed sround the lower part of the
ﬂhw“ﬂmﬂﬂmﬂ;ﬁnmmuﬁhhmmﬂmdw
at the baginning of sach axpariment o that the circumfersnce of the calf increased at &
ounstant rete daring sact collection period. Theoutput of the gauge was calibrated while it
wuhmwmummamwhnom-mofmw
st the level at which the gaugs was fxed was measared at the ead of each axperiroent.
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In all the sxperiments the subject wea osrefuly obesrved during and fdlowing the
pariod of over.vantilation with nitrogen. 1f any svers distorbance of censcionmnems or
respirstion oeturred, oxygen was sdminstersd.

RESULTS

Effect upon conacioxsness. The increase of pulmonary ventilation
achieved by each subject during nitrogen bresthing was messured from
the spirometer records. The mean pulmonary ventilation of the three
subjects was increased to 80 1/min at b.t.p.s. during the period of over-
ventilation. When the duration of over-ventilation with nitrogen was
greater than 8-10 sec the subject reported a transient dimming of vision
In the experimenta in which nitrogen breathing wae carried cut for 15-18
seo the subject experienced some general clouding of ponsciousness and
impairment of vision. Vision was frequently loat in these experimenta for
a short period. In the few experimenta in whish nitrogen was breathed
far 17-20 sec unoonaciovsnesa supervened and was aocompasdied on moat
ocoasions by s generalized oonvulsion The duration of the interval
between the start of over-ventilation with nitrogen and the ouset of
symptoms was [2-14 sec.

End-idal gas tensions. A typical record of the partial pressures of
arygenand carbon dioxidein the gases flowing through the mouth-piece is
presented in Fig. 2. The end-tidal oxygen tension fell very rapidly when
the subject commenoced over-ventilation with mitrogen. It reached a
valus of less than 10 mm Hgat the endof the third expiration and remained
below this level unti] air was inapired after 16 sec of nitrogen breathing,
During the over-ventilation period the end-tidal carbon dioxide tension
also fell rapidly. With the restoration of air breathing and the cessation of
over-breathing the end-tidal axygen and carbon dioride tensions rome
gradually to regain their control valuen. Each of the three subjects over-
ventilated, whilst breathing nitrogen for a period of 15-16 sec on six
separats cocssions. The time course of the changes of the end-tidal tensioos
of oxygenand carbon dioxide has been mensured for each of these 18 experi-
ments and mean curves for each of these varisbles are presented in Fig. 8.

Arierial bood ozygen saturation and pH. Blood was sampled from the
brachial artery of each subjest on three separate ocoasions during which
the subjest over-ventilated with nitrogen far 16 sec. The records of the
response of the entire system to a sudden change in the composition of
blood at the tip of the Cournand needle shawed a mean delay of 0-7 sec to
the beginning of the response of the pen motor recording axygen saturation
and a further 0-9 sec elapsed before 909 of the total response had ocourred.
The corresponding times for the response of the pH recording aystam were
1-4 sec and 2-0 sec respectively. Corrections for these delays in response
were applied to the recorded valunes of axygen ssturation and pH. A
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Fig. 2. Respiratory gas tonsioas and systamic arterial axygen asturatios sod pH
befare, during and after 16 set over-ventiletion with oitrogen. The tessicos of
torygen and carbon dioxide wars resorded at the lips, whilet the blood waassmpled
rontinvomly from the brachial srtary. Delay tizoe of cxygen saturstion record,
0-7 set of pH recard, 1-5 sec,
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Fig. 3. Effest of over.ventistion with pitrogen npan end-tidal tensicoe of
oxygen {@) and earbon dicxids (Q) Bach point represents the mean of eightesn
walues fram thres subjects; esch bar rgmesents + 1 o.x of the mean. The pedod of
over-ventilation with nitrogen is indisased by the hatched bar.
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typical experimental record of the arterial axygen saturation and pH is
presented in Fig. 2. The arterial cxygen saturation and hydrogen-ion
concentration began to fall 4-5 sec after the commencement of nitrogen
breathing and both fell very rapidy at first and then mare slowly until air
breathing was started again at 16 sec. The oxygen ssturation then increased
rapidly whilst the pH graduvally returned to its control value. The mean
time courses of the changes of arteria] oxygen saturstion snd pH have been
calculated far the nine erperiments and these valoes together with their
standard errors are shown in Fig. 4.
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Fig. +. Efet of over.ventilation with nitrogen upon arierial axygen ssturation
{O) and srterial pH (A). Each pointrepresents the mean of nine valoes from thres
subjmets; each bar represents + | 5.3 of the mean.

Fenous blood oxygen scturation and pH. Blood was sampled from the
femoral vein, the pulmonsry artery and the right jugular bulb on separate
occasions in each of the subjecta. The delay in the response of the recording
systems wag Jengthened considerably when intravascular catheters were
employed. On none of these occasions did any significant cbange of pHE
occur during the psriod of nitrogen breathing. The mean time courses of
ths oxygen saturation of the venous blood drawn from these three sites are
presented in Fig 6.
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Blectroencephalogram changes. The resting e.c.g. shows 0o specific
electrical activity and no change occurred in any experiment ontil 15-18
sec after the beginning of the period of over-ventilation with nitrogen.
When nitrogen over-breathing was carrled out for 8-12 sec low voltage

0 XXX ¥ -

O, mturstion (W)

ol 2272273 @ | L 1
’ 10 20 k1 L) ] &0
Time from wart of nikrogen brasching (sc)

Fg & Rffest of cver.ventilation with sitroges upon the arygen mturstion of
blood Sowing through the femorsl { x ) snd internal jogular (A) veine and the
pulmonary artery (Q) Each point repressnts the mean of thves valnes obiained
from thres subjecta

activity at 11-13 o/s appeared in both channels of the e.e.g. 15 sec afier the
beginning of the procedure and persisted for 7-9 ssc. Whean the duration
of nitrogen over-ventilation was extended to 15-16 sec, similar changes

arcee in the e.e.g. but they persisted far slightly longer. Occazionally the
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11-13 ¢/s activity was replaced by high-voltage 24 c/s activity, which
appeared 4-6 sec after the beginning of the change of the e.e.g. This alow
activity generally persisted foar 46 sec. When nitrogen bresthing was
extended to 18-20sec the initial fast, low-voltage activity was slwaye
replaced by high-voltage 24 /s activity after 5 sec, which lasted for about
10 sec. Contrd experiments in which a subject over-ventilated for a similar
period whilst breathing air produced no change of e.e.g. activity.

or

g
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Change of hears rate (basta/min)
B

-10 1 1 1 1 1 ]
0 10 ) k “© 50 &
Time from start of over-ventitation (sec)
Fig. 6. Bffert of cverventilhtion with nitrogen for varicus pariads upan the
baart rate. A, nitrogen for 17 sec; [, oitrogen for 11 see; O, nitrogen for B sec;
x, air for 15 see. Each peint repremnts the mean of thres values obtained from
thres subjects.

Cardiovascwlar changes. The period of over-vemtilation with nitrogen
produced a transient acceleration of the heart rate. This commenced at the
beginning of the period of over-ventilation and reached s roaximum about
30 pec later. The magnitude of the increass varied directly with the dura-
tion of the nitrogen over-ventilation. The mean changes of the heart rate
for the three subjects when they over-ventilated with nitrogen for varions
periods are presented in Fig. 8. There were no consistent changes in the
shape of the e.0.g. in these experiments. In ane subject, however, there
was s transient Aattening of the ‘T’ wave, which started 5 sec after the
beginning of the nitrogen over-ventilation and persisted for 10sec. In
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several experiments the subjects over-ventilated whilst breathing wir.
This cansed & relstively small and transient increese of heart rate which
had subsided 10sec after the end of the over-ventiation period
(Fig. 6)

The period of over-ventilation produced marked respiratory variations
of the arterial blood pressure. The mean snd pulse pressure were both
increased during the deep expimtory efforts and decreased during each
inspiration. The mean blood pressure was incressed by about 20 mm Hg
during the period of over-bresthing. Directly the subjeot ceased over-
ventilation the arterial pressure fell and reached & minimum sfter some
16 sec from the beginning of nitrogen breathing. The minimal value was
jesa than the mean blood pressure befare the over-ventilation period The
fall of mesn pressure was accompamied by a reduction of the pulse pressure.
It was followed by s secondary rise of pressure and an increase of pulse
pressure, both of which reached s marimum at about 30sec after the
beginning of the period of over-ventilstion with nitrogen In sll, two
separate periods of over-ventilation with nitrogen were stadied for each of
the three subjects and the mean values of srterial pressure before, during
and after the period of over-ventilation with mitrogen are presented in
Fig 7. The blood flow through the calf was calcniated from the rate at
which the circumference of the part increased during each venous-canges-
tion period (Whitney, 1953). The mean value for the oslf blood flow
obtained in twelve separate periods of over-ventilation with nitrogen in
the three subjects are shown in Fig. 7. The flow of blood into the calf was
noreased during the period of over-ventilation, following which it returned
t-otherutingleveLwincremsgdnbmwwnmmdsOmdwthe
beginning of over-ventilation.

DISCUSSION

Preliminary experiments in which the subjects over-ventilsted with
nitrogen for various periods showed that unconsciousness sapervened if the
duration of this procedure exceeded 16-17 seo. In the majority of these
experiments, therefore, the period of over-ventilstion with nitrogen was
limited to 16 sec. This period of nitrogen over-bresthing produced only &
transient disturbanee of the e.eg. The low-voltage 8-13 ofs activity was
generally associated with a transient dimming of vision and could not be
distinguished from that produced by closure of the eyelids. Further,
apart from & transient flattening of the “T* wave on one ocoasion, no sig-
nificant change was sesn in the e.c.g., although ounly » standard limb lead
(I} waa recorded. In view of theee findings it was considered that the
degree of bypoxia induoed by over-ventilstion with nitrogen for 15-
16 sec was within acceptable limits for resting subjecta,
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The conomtration of axygen in the gas contained within the respiratary
tract at the beginning of the nitrogen breathing period was reduced very
rapidly by the very large vohuntary ineresse of pulmonary ventilation. The
reduction of the lung volume to & minimum before the first breath of
pitrogen was taken decreased tbe quantity of oxygen to be washed out.
The combination of these t wo manoeuvres resulted in a very rapid fall of
end-tidal oxygen tension to 10 mm Hg after 8 sec of over-ventilation. The
rate of rise of the end-tidal oxygen tension following the cesastion of
nitrogen over-ventilation and tbe retummn to breathing alr was considerahly
less than the rate st whick it had fallen. This differenios reflecta the redue-
tion of slveolar ventilation assoclated with the resumption of a mare
normal breathing pattern.
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Fig. 7. Effect of over-ventilation with nitrogen upon the mean systamic arteral

pressurs {A\) snd the blood Sow through the calf (@). The results are from thres

subjects, sach pressure point representing the mean of six values whilt each bicod

flow point is the mean of twelve values esch bar deplots 41 em. of the mean

value,

Arterial oxygen salrration and pH

The delay of 4-65 sec between the beginning of nitrogen breathing and
the reduction of the oxygen saturation of the brachial artery blood was &
reflexion of the circulation time from the pulmonary capillaries to the
sampling point in the aystemio arterial tree. A similar deley ocourred

20 Physio]. 169
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between the restitution of air breathing and the subsequent increase of the
arteria) axygen saturation. The reduction of the end-tidal axygen tension
to below 10 mm Hg was amocinted with an arterial oxygen ssturation of
leas than 40 %,. The increase of the pH of the arterial blood was related to
the fall of the alveolar carbon-dioxide tension and the reduction oY the
blood oxygen ssturation (Christiansen, Dougles & Haldane, 1914). The
mean increase of the arterial pH produced by the over-ventilation amounted
to 0-18 unit. This gave a calculated value for the minimal arterial carbon-
dioxide tension of 225 mm Hg as compared with the obeerved end-tidal
value of 17 mm Hg. The changes of arterial oxygen tension produced by
over-breathing with nitrogen have been calonlated from the simultaneous
measurements of the oxygen ssturation and pH of the arterial blood by
means of standard oxygen dissociation curves (Dill, 1944), The mean
time course of the oxygen tension for all the expetiments is presented in
Fig. 8. together with the curve for the end-tidal oxygen tension During
over-ventilation the end-tidal oxygen tension may be taken as representa-
tive of the mean alveolar tension of this gas, When allowanoe is made for
the 4 sec delay between the change of alvealar gas composition and the
resultant change of the oxygen tension of the arterial blood at the sampling
point, it is spparent that the arterial oxygen tension fell in the same manner
a8 the alveolar oxygen tension until this was less than 16 mm Hg. Beyond
this point the systemio arterial cxygen tension was consistently grester
than that of the alveolar gas until air breathing was restored. There was a
statistically significant difference (P < 0-01; & = 9) between the oxygen
tenaions of the arterial blood and of the alveolar gas for the last 7 sec of the
period of nitrogen breathing. The oxygen tension of the mixed venow
blood doring nitrogen breathing was between 35 and 40 mm Hg (Fig 9),
and hence the oxygen tension of the alveclar gas was less than that of the
blood eutering the pulmonary oapillaries for nearly the whole period of
nitrogen over-ventilation. During this procedure, therefore, there was a
reversal of the normal oxygen-tension gradient between the alveolar gas
and the mixed venous blood. Since the oxygen saturation of the systemic
arterial blood was oonsiderably less than that of the mizxed venous blood,
oxygen must have passed from the blood flowing through the pulmonary
capillaries into the alveolar gas during the latter part of the nitrogen-
breathing period. Such & reversal of the normal direction of passage of
oxygen across the alveclar ospillary membrane has been demonstrated
fallowing rapid decompression to bigh altitude (Luft, Clamann & Adler,
1949; Ernsting & McHardy, 1960) and during rapid ascent following a
breath-holding dive to a water depth of 60-100 ft. (18-20 m; Rabn, 1863).
In both these situationa the oxygen tenxion of the alveolar gas in reduced
rapidly below that of the mixed venous blood.
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Venous pH and oxypen saturation

The absence of any detectable change of the pH of the blood sampled
from the three venous sites following the period of over-veatilation with
nitrogen demonstrated the marked carbon dicxide buffering power of the
peripheral tissues and the rapid diffuaibility of this gas. The constancy of
the venous pH was unexpected, aince the reduction of the oxygen satura-
tion of the vencus blood would of itself have produced ao increase of pH
{Christiannen efal. 1914). Ata constant carbon-dioxide tension the greatest
increase of pH due to this mechsnism, asscciated with the decresse of
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oxygen saturation of the cerebral venous blood by 27 %, was calculated to
be of the order of 0-012 unit. The over-sll semsitivity of the system used
for the measurement of the pH of the venona biood was such, however,
that a change of this magnitode might not have been detected.
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Fig. 9. Effoct of over-rensilation with nitrogen upon the oxygen teeion of the
ayTtemin arterial {A), famors! venous (+), internal jugolar 3 and palmonsry
artarial () biood, Each point repressnts the mesn of the values obtained from
three subjecta.

The pattern of the reduction of the oxygen saturation of the venous
blood prodaced by the period of nitrogen breathing varies markedly with
the site of sampling (Fig. 5). The oxygen content of the jugular venowms
bicod was the first to change and it exhibited the greatest reduction and
the most rapid recovery. In contrast the oxygen saturation of the femaoral
venous blood started to fall last, was reduced by the smaliest smount and
recovered the most slowly. Mixed venous blood showed changes which
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were Intermediate between those of the jugular and femorasl vencus
bloods. The maximal fall of the oxygen saturation of the femoral vencus
blood was half that which occurred in the blood sampled from the pul-
monary srtery, whilst the maximal reduction of the oxygen content of the
jogular blood was more than twice the latter. The changes of the oxygen
tension of the blood sampled from these venous sites have been calculated
from the measured values of axygen saturation and pH and the mean
curves are presented in Fig. 9, together with the mean curve for the
arterial oxygen tension. It is apparent that during the period of severe
bypoxia the axygen tenaion of the blood lowing fram the lower limbs, the
brain and the whole body wae grester than that of the arterial blood

flowing into these regiona

Cardivvasoular ¢ffects of profound Ayporia

The limited measurements made in this study demonstrate that the
period of over-ventilation with pitrogen produoced sigoificant changes in
the cardiovascular systemn The control experiments in which the subject
over-treathed with air make it poasible to distinguish two phases in the
cardiovascular response. First, during the period in which the pulmonary
ventilation wsa increased there was s moderate rise of heart rate and the
arterial pressure and calf blood flow were ralsed (Fig. 7). Immediately the
over-ventilstion coased the arteris] pressure and calf blood flow returned
to their resting valoes. These changes occurred when elther air or nitrogen
was breathed When the over-breathing was performed with nitrogen the
rise of heart rate persisted for oonsidershly Jonger and there was a secon-
dary increase of arterial pressure snd calf blood Aow. Theee secondary
changes were sbeent when air was substituted for nitrogen and were due,
therefore, to the severe hypoxia induced by the nitrogen. Throughout
sach experiment the calf blood flow was directly proportional to the mean
systemic arterial pressure. Thus the obeerved changes of calf blood fow
were & result of the concomitant changes of asterial pressure. The secondary
changes which oocurred after over-veatilation with nitcogen wers probably
the result of an incresse of cardiac vutput and of systemic arteriolar con-
striction which were produced reflexly by chemoreceptar stimulation. It
is apparent that the arterioles of the calf did not contribute to this vaso-
constricition, and the most probeble sites for the increase of peripheral
resistance were the splanchnic and cuteneous circulations. The rise of the
oxygen saturstion of the jugular venous blood abore the control value
when air breathing was restored (Fig. 5) suggesta that there was an
incresse of the over-all cerebral blood flow at this time. In the steady
state moderate arterial hypoxaemis, even when accompanied by hypo-
capois, is known to produce & dilatation of the cerebral veseels (Kety &
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Schmids, 1948). The rate at which the cerebral vasodilatation develops
when arterial hypoxaemia is induced suddenly is not known, but the
present experiments auggest that the cerebral vesssls respond to a fall of
arterial oxygen tension within 20 sec.

Pulmonary gos exchange in profound hypoxia

The arterial oxygen-tension values derived in this study demonstrated
that during over-ventilation with nitrogen the oxygen tension of the
arterial blood was signifieantly greater than that of the alveclar gas. The
time for which this state existed was only 7-8 sec, although during this
peﬁodthemtuofchmgeofﬂmhrmdutaﬂoxygmmm
relatively slow. Furthermore, this length of time is large relative to the
aversge transit time of 0-73 sec (Roughton, 19456, Roughton & Forster,
1957) for & red cell through the pulmonary capillaries lining ventilated
alveoli. Itmxusppnr,thudmmtthaohuvedciﬂmhetm

jc arterial and alveolar oxygen tensions cannot be accountad for on
the basis of the short period for which the condition existed Such a
difference could be produced by the presence of either s shunt of venous
blood into the systemic arterial tree or & bigher tension of oxygen in the
blood leaving the pulmonary capillaries than in the alveciar gas. Mized
venous blood flowing into the systemic arterial tree without baving
trapaversed the capillaries of ventilsted alveoli would raise the axygen
tansion of the systemic arterial blood above that of the alveolar gas. The
effect of the normal quantity of venous sdmixture upon the arterial
oxygen tension would be insignificant, because of the relative stespness of
the blood-oxygen dissociation curve over the range concerned here. If,
however, the proportion of the cardiac cutput perfusing ventilated alveoli
was reduced during nitrogen breathing, this effect conld become significant.
In order for this mechanism to account for the total observed oxygen-
tension gradient the venous-arterial shunt would have to amount to at
least half of the total cardiac output. There is at preseat no evidence in
favour of such » degres of shunting during severe hypoxia, It would
appear probable, therefore, that the tension of oxygen in the blood leaving
thepuhnmrympﬁlhrhheomidmblymmﬂmﬂnthemmhr
gas during over-ventilation with nitrogen.

Sinoe no measwrements were made of the rate of gaseous exchange
during the period of over-ventilation with nitrogen it is impossible to
examine quantitatively the factors affecting the exchange of cxygen
between the pulmonary capillary blood and the alveclar gas. It i of
value, however, to compare the effects of over-ventilation with nitrogen
with those produced by moderste hypoxis in the steady state. Thus,
Litlenthal, Riey, Procmmel & Franke (1946) found that at an alvealar
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oxygen tension of 46 ;am Hgat rest the difference between the tensions of
oxygen in the alveolar gas and the systemio arterial blood amounted to
9-1 mm Hg. They calculated that under thess circumstances the oxygen
tengion of the mixed venous blood was 19 mm Hg less than that of the
alveolar gas and that the oxygen tension of the blood leaving the pul-
monary capillaries was about 8 am Hg less than that of the alveolar gsa.
Although in the nitrogen over-ventilation experimenta the oxygen tension
gradient between the alveclar gas and the mixed vemous blood was
reversaed, it was of the same order as that which existed in the experimenta
performed by Lilienthal # al, {1946). Furtbermore, the mean difference
betweean the oxygen tensions of the arterial biood and the alveolar gas
obtained in the present study, which amounted to 11 mm Hg, was only
slightly greater than that found in moderate hypoxia by Lilienthal e al.
(1946). The arterial-alveolar oxygen-tension difference observed in nitro-
gen over-ventilation erperimenta was probably due, therefore, to &
mechanism analogous to that which wasdeduced by Lilienthal e al. (1946)
t0 be responsible for the existence of an alvealar to end-pulmonary capil-
lary blood-oxygen tension difference in moderste hypoxia. The limited
rate at which oxygen was tramaferred from chemical combination in the
pulmonary blood imto the alveolar gas under the circumstances whioh
existed in the nitrogen-breathing experimenta gave rise to a large oxygen-
tension diff erenoe between the blood leaving the pulmonary capillaries and
the alveolar gas.

Ezzhange of oxygen between biood and peripheral tizsues in profound hypozia

The reduction in the rate at which oxygen is carried to s part cansed by
8 short period of arterial hypoxaemis depends upon the degree snd
duration of the dessturation of the arteria]l blood and the arterial flow to
the part In the resting state the total blood flow to the brain is over
twice that to the lower limbs. Thus in the present experimenta the deficit
of the oxygen supply to the brain was twice that to the lower limbs. The
effect of such & deficit in the oxygen supply to & region upon the oxygen
oontent of the blood flowing from it will be determined in part by the
relation between the magnitude and nature of its cxygen store and its
metabalic oxygen consumption. Where the available oxygen store is
small in relation to the oxrygen uptake, the venous oxygen saturation will
bereduced to a greater extent than when the store ia large in relation to the
oxygen consumption. Quantitatively the most important oxygen store is
that nontained by the blood, and the greater proportion of this resides in
the amall and large veins. Muscle possesses in addition a specific oxygen
storage mechanism in the form of oxymyogiobin. The amownt of axygen
stored in this manper in man is, however, relatively amall {Drabkin, 1950)



308 J. ERNSTING

snd the oxygen tension in muscle must be reduced below 10 mm Hg
before a significant proportion of the oxygen held in this form is Liberated
(Hill, 1936). Finally, all tissues contain oxygen in simple physical solution,
slthough quantitatively this store is relatively amall. The brain, in contrast
to the lower limbe and the body as a whole, has & high arterial inflow, &
high oxygen consumption and a amall oxygen store. For a specified tran-
tient arterial hypoxsemia all theae factors tend to produce a greater fall of
the oxygen setaration in the jugular blood than in the blood flowing from
the lower limbs.

The pattern of the fall of the ssturation of venous blood csused by a
transient arterial hypoxaemia will be modified by changea of blood flow
into the regior and of the cspacity of ita vascular bed. In the present
experiments there were transient changes of calf blood flow during aad
after the period of hypoxsemia. There was also evidence which suggested
that the cerebral blood flow changed, although no direct measurements of
this quantity were made. If an increase of blood flow cocurred during the
period of hypoxaemis, the deficit of the oxygen supply would have been
increased. If, however, the increase of blood flow did not occur until the
arterial oxygen mturation was rising, it would have produced & more
rapid recovery of the venous oxygen ssturation, or even & rise to above the
control value. Although no direct measurements of the capacity of the
vessels of the calfl were made, it was noted that the velume of this region
was decreased by the period of over-ventilation with nitrogen. Eclatein,
Hamilton & McCammond (1958) have shown that the reflex reduction of
the distenaibility of the capacity vessels produced by over-ventiation iein
part due to the hypocapnia and in part a resuli of the intrathoracic
preasure changes associated with the over-ventiation. Such & reduction
of the blood content of the calf would have tended to increase the venous
desaturation produced by the arterisl hypoxsemia

During the period of over-ventilation with nitrogen, the oxygen tension
of the arterial blood was reduced to 20-30 mm Hg below that of the venous
blood normally flowing from the regions stodied. Thue the oxygen tension
of the arterial blood during this period was lower than the mean capillary
oxygen tension {Barcroft, 1938} which existed before nitrogen breathing
wes commenced. Furthermore, during the period of profound hypoxsemis
the oxygen tension of the bicod flowing from the regions under investiga-
tion waa greater than that of the arterial blood perfusing them Although
the oxygen content of the blood leaving the tissue capillaries wes probably
raised by admirture with the blood akready present in the venules snd veins
of the part, it is spparent that during the period of severe hypoxaemis the
oxygen tension of the capillary biood was markedly reduced. Thus the
diffusion of oxygen into the various tissues from the blood flowing through
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them was severely reduced by the period of hypoxia. Indeed, in some
areas, especially those with a relatively high capillary blood flow, the
capillary oxygen tension may have been reduced below that of the sur-
rounding tissues, so that oxygen actually diffuped into the blood as it
flowed through them. Thus direct measurements of the axygen tension of
the grey matter of the perebral cortex in animals breathing air have given
values of the order of 18-25 mm Hg (Cater, Garattini, Marina & Silver,
1962), whilst in the present experiments the arterial cxygen tension waa
reduced to about 17 mm Hg. The effect of & given reduction of the rate at
which oxygen diff usea into a tissve upon the cellular oxygen tension will
depend upan the relation between the cellular oxygen econsumption and
the extravascular oxygen store There is considerable evidence that the
cellular oxidative ensyme systems will continue to function normally
unti] the local oxygen tenaion is redueed to below 5mm Hg (Keilin, 1930),
Thus the cellular metabolic oxygen uptaie will probablyremainunchanged
until ssvere hypaxisais induced. In the bran, whare ths anly extravascular
oxygen store is oxygen dissoived in tissue fiuid, and the metabolic oxygen
uptake iz high, sudden artarisl hypoxsemia will produce a very rapid fall of
the oellular oxygen tepsion.

In the present series of experimenta it was found that unconseiouwsneas
ensued if over-ventiation with nitrogen was continued for longer than 17
sec. A more rapid fall of arterial oxygen tension ean be produced by
sudden reduction of the environmenta] pressure to below 140 mm Hpg
whilst air ia breathed Thus in one series of experiments in which the
srhrhloxygentenﬂonmredmdwbebwwmﬂgmshwt laec,
unconsciousness ensued 8 sec after the induction of arterial h
(Brosting o al. 1960). The delay between a sudden ooclusion of the cerebral
circulation and loss of consciousness in man also amounts to between 7 and
8 sec (Rossen, Kabat & Anderson, 1943). Thus the time which elapses
between a sudden reduction of the arterial oxygen tension to below 20 mm
Hg and the anset of unconaciousness is very similar to the interval which
oocurs between sudden occlusion of the cerebral cireulation and losa of
consciousness, Kety (1950) has calculsted that at any one moment the
total oxygen content of the brain and of the cerebral capillary blood is
about 7 ml. Thus at the normal level of cerebral oxygen consumption the
oxygen tension of the brain following cessation of the supply of this sub-
stance would be reduced $o zero in about 8 sec. These results suggest that
when unconaciousness supervenes following the sudden induction of severe
cerebral hyporzia the cellular axygen tension in many regions of the brain
will be virtually sero. This conclusion is in close agreement with the results
of calculations made by Thews (1962) with respect to hypoxia of alow
onset. His calculations suggest that when the arterial oxygen tension is
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rednoed to the level which produces unoonsciousness, the oxygen tension of
the neurones which are furthest from their vascular sapply will be of the
order of 2—4 mm Hyg,.

SUMMARY

1. Brief profound hypoxia was induced by voluntary over-veatilation
whilst bresthing nitrogen. Unconsciousness ensued when this peocedure
was performed for longer than 16 sec. Voluntary over-ventiation with
nitrogen for 16 sec reduced the end-tidal oxygen tension to below 10 mm Hg
for 8 pec,

2, Continuoua recordings were made of the systemic arterial oxygen
ssturation and pH during 16 eec of nitrogen over-ventilstion. The cal-
culated minimal arterial axygen tensiop was 16 mm Hg, There was there-
fore s reversal of the normal alveolar-arterial oxygen teasion difference.

i The axygen ssturation and pH of venous blood flowing through the
jugulsr bulb, the femoral vein and the pulmonary artery were rocorded
continuoualy. The axygen tension of the jugulsr blood exhibited the most
rapid and moat profound redustion when nitrogen was breathed. The
femoral-vein oxygen tension exhibited only s very transient and siight fall,
whilst the oxygen tension of the blood flowing through the pulmonary
artery exhibited & moderate fall

The aunthor wishss to thank the Director Genera) Mediosl Sarvices, Royal Air Foros, for
permission to schimit this paper for publication.
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Pathology of hypoxic brain damage in man

D.I. GRAHAM

From the University Department of Neuropathology, Institms of Newrological Sdences, Southern General

Hozpieal, Glasgow

The energy requirements of the brain demand
amongst other things adequate supplies of oxygen
and ghcose. These arc provided by the functions of
reapiration and circulation. Neurons are particularly
susceptible to hypouia since they have an obligative,
aerobic, glycolytic metabolism. The adult brain
receives about 15 per cent of the cardiac output, or
a3 expressed in werms of blood flow, about 43 mif
100 g/mirte in the adult and about twice as much
in children (Mclwain, 1966) The mpuuory

The supply of oxygen to the brain depends on the
cerebral blood flow (CBF) and the oxygen content
of the blood Cerebral biood flow in turn depends
on the cerebral perfusion pressure (CPF) which Is
defined as the difference between the mean systemic
anarial pressure (SAP) and the cerebnl venous
blood pressure. Blood flow to the brain shows a
remarkable capacity for remaining constant, only
hypercapnia, hypoxia and extreme hypotension
affectng It 10 any marked exient. The prescrvaton
of CBF in resporss to changes in arterial blood
pressure ks brought about by autoregulation which
can be defined as the ‘maintenance of a relatively
constant blood flow i the face of changes in perfu-
sion pressure’ (Harper, 1972). The mechanism of this
avtoregulation is still uncertain but it appears to be
lott or at least severely impaired in & wide range of
acute conditions producing beain damage (Bruce ef
al, 1973; Harper e o, 1975). Thus there are many
situations in which ceretval aworeguiation may be
'npiedbd’mnqhodldhypoxi.mhvdd’
CPP at which brain damage is produced is not
known in man but jo the presence of normal auto-
r jon the critical level of SAP is about 50 mm
Hg (Harper, 1972). In piimates with a normal PaOs,
it woukd appesar that brain dsreage does not ocowr

until the CPP falls 10 less than 25 mm Hg (Briericy
et al, 1969).

The energy staie of the brain may also be severely
reduced in the presence of normal supplies of oxygen
and glucose by substances which poison the oxi-
dative enzymes of nerve cedls These considerations
form the basis of the various categories of brain
hypoxia (Brieriey, 1976; Adams, 1976).

Categories of brain hypexia

] STAGNANT

(a) Ischaemic is dueio local or generalized atrest of
blood supply; (b) oligaemic is due to local or
generalized redorrion in blood supply.

2 ANOXIC AND HYPOXIC

(a) Anoxic, an absence of oxygen in the lungs which
leads to tisue anoxia; (b) hypoxic, a reduced oxygen
tension in the lungs which leads 10 tissue hypoxia

)} ANAEMIC

Anaemic is where there is insufficient haemogiobin
in the blood to carry the oxygea in chemical com-
bination.

4 HISTOTOXIC
Histotoxic is dueto poisoning of neuronil respeatory
NIy,

5 HYPOGLYCAEMIC
Hypoglycaeric is due to a deficiency of the substrate
glucose.

6 FEBRILE CONVULSIONS ANDSTATUS
IPILEFTICUR

Hypoxie brsin damage

Hypoxic brain damage may oonr in any situation
where there is an inadequate supply of oxygen or
glucose to perve cedls. It is therefore a potential
harard to any patient subjected to gencral anaes-
thesia, o severe cpisode of hypotension, cardiac
arrest, status epilepticus, carbon monoxide or
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barbiturate intaxication and hypoglycsemic coma.
The cventual degree of chinical recovery will be
determined by whether or not satisfactory resuscita-
tion can be achleved before permanent brain damage
ensues. Crises of this kind are nOt uncommon in
clinical practioe but the central question as to “what
duration of anoxis or ischaemia defines the watershed
between recovery of the tissue and extensive perma-
nent injury? has not been critically defined in man
(Pium, 1973). Ressons for this inchade the lack of
precise physiological data about a patient's cardio-
vascular and respiratory status st the time of a crisis
since the immediate priority is resuscltation, and the
inadequate neuropsthological examination of the
braing from fatal cases.

Postmortern examination of patients with severe
hypoxic brain damage is usuafly carried out under
warrant by the forensic pathologist who often feels
obliged to slice the unfixed brain in the mortuary.
Under these conditions it is impossible to recognize
recent hypoxic brain damage up to and including
frank cerebral infarction even when subsequent
histological examination shows severe and extensive
neuronal necrosis. When the brain has been properiy
dissected after sdequate fixation (up 1o three weeks'
immersion in buffered 10 per cent formol satine)
an infarct of about 18 to 24 hours’ duration may just
be recognizable but even an experienced neuro-
pathologist may fal to identify extensive diffuse
hypoxic brain damage If it is less than some theee to
four dzys’ duration (fgs ) and 2) The extent and
severity of hypoxic brain damage can be identified
and its distribution analysed only by the micro-
scopical examination of many large, bilateral and
representative sections of the braint It 8, howsver,
often possibie to establish that a patient has suff ered
hypozic brain damage on the basis of a more
restricted histological examination provided that the
pathologist knows that certain parts of the brain are
selectively vuinerable and is famlliar with the cyto-
Iogical and histological appearances of ischaemic
nerve cell change,

The identification of ischaemic cell change is
made difficult in the human brain because of the
frequent occwrrence of histological artefact. The
commonest artefacts are ‘dark cells’, *hydropic cells’
and *perineuronal and perivascular spaces’ {Cammer-
meyer, 1961). They are due partly to postmortem
handling and to the siow pepetration of fixative.
Studles [n experimental primates and {n selected
human material haveshown that tharels an identifiable
process, mamely ischaemic cell change, which it the
neuropathological common denominator in all types
of hypoxia,

The carliest histological stage of recent hypoxic
neuronal demage in experigeenta! apimaly in per-

Fig | Coromal section of brain from patient who
Swrvived 48 hoirs gfwr cardiar orrest. There are no
mocroscopic abaormollties,

Fig2 Same potient as in figere 1. Nove subioial
(laminar ") mecrosis of the tiird, fifth and tixrh cordeal
layery with relaiive sparing of the recond and fourth
layers (darker siaining), Cresyl violer, x 4.

fusion-fixed material it microvacuolation (Brown
and Brierley, 1966; Buierley er o, 1971a and b;
Meidrum and Brieriey, 1973). This rather subtle
histological change is difficuk to identify in human
mwﬂwﬂmwhps the earfics! incontrovertibie
evidence in man of hypoxic brain damage is the
second stage, ie, ischaemic cell change. The cell
body snd nucleus are shrunken and become tri-
angular in shape. The cytoplasm, which usually stll
contsins microvacuoles, staing intensely with eosin
and from beight blue to dark mauve with the very
useful Luxol fast bluefcresyt violet technique (Adams
and Miller, 1970); the nucieus stains intersely with
basic aniline dyes. The succeeding stage of ischaemic
cell change with incrustations is characterized by
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further shrinkage of the nerve cell cytoplasm and the
development of small, relatively dense granules lying
on or clase to the surface of the nerve cell (fig 3).
Finally the neuron undergoes homnogenizing cell
change when the cytoplasm becomes progressively
paler and homogeneous and the nucleus smaller.
This type of change is most commonly seen in the
Purkinje calls (fig 4) of the cerebelum. The time
course of ischaemic cell change is relatively constant
for neurons according to their size and site 30 that
the interval between a hypoxic episode and death i
between two and 18 to 24 hours can be asscased with
rezsoaable acouracy. If the patient survives for more
than 24 to 36 hours more advanced changes occur in

changes i

fow days the dead nerve cefls dissppear and reactive

D. I. Graham

Figéd

Fig3 Boitom: mormal cortex. M and E x 500. Top: Ischoemic cell chomgpe. Tl nerve cells are smail and
trionguler and comtain Apperchromasic awelei (arrows). The cytoplazm i3 intensely osino philic. There Iz also some
disimegrarion of the newropii, H and E x 500. Top inset: lschaemic cell change with incrusiations. Nose the gramdes
on the tarfove of the oell, H and E x 500.

Fig4 Homopeniring cell change. Note the Purkinie cells with swollen homogencous ¢ ppoplasm aed hyperchromatic
auclel (arrows). Cresyl violei. » 500

changes become mare intense, including the formae-
tion of lipid phagocytes, even though the letter may
not appesr if damage Is resricted (o nourcnal
necrosis. When survival is for more than 3 week or
30 the damaged tissue becomes rarefied due to loss
of myelin and there is a reactive gliosis. Collagen
and reticulin flbres are also Lid own, the whole

appearing as & gho-mesodermal reaction.

Thedifering susceptibility of nerve cells to hypoxia
has been known for many years, According to Jacob
(1963), ‘in geperal the nerve cefls are the most
sensitive followed by oligodendroglia and astrocytey
while the microglia and the cellular clements of the
vesselh are the jeast vulnerable’. Recent work
suggests that local metabolic rather than vasculer
faciors largely determine the partern of sclective
vulnerability (Brierley, 1976).
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Fig 5 Coronal section of broin from parient who
sarvived three days after sxiden stroke. Yhere is a iarge
recens twollen infarct in territories of kft middie and
anterior cevebra! arseries. Part of the infarct i3 ‘amsemic’
and part s ‘hoemorriagic’. Nore the asymemetry of the
laterol ventricles, the displacement of the midiine
structiwes 1o the right, the sypracallosal kermia 10 the
right {Wack arrow) and deep grooving (white arromws)
along the fine 0f bilateral tentoricl herniae,

irreguiar pollor (infarction) of ridining o f the afected
and E x }5-4.
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] STAGNANT HYPOXIC BARAIN DAMAQE
This is divided into two main types, viz, ischaemic
and oligaemic.

Irchaewde

II' the blood flow through an artery is arrested, eg
by thrombus or an embolus, an infarct will develop
within part or the whole of the distribution of the
occluded vessel The earkest macroscopic change is
swelling of the infarct and its edges may be juat
discernibie in the fixed brain within 12 to 18 hours.
The lesion may be ‘haemorrhagic’ or ‘snaemic’
(fig 5) and at an early stage there is irregular,
biotchy pallor of the affected cortex (fig 6). A sharp

Fig? Recew infarcrion in white marter. There iz a
shar ply defined border berween the abnormal (pole) and
normal white matter. H and E = 40,

and often very irregular line of demarcation between
normal and abnormal myelin also appears early, the
abnormal myelin staining palely (fig 7). A large
infarct may swel sufficiently 1o constitute a space-
occupying mmss within 24 to 48 hours (Adams, 1966)
resulting in tentorial herniation with secondary
distortion of the mid-brain and infarction in the
medial occipital (calcarine} cortex. The necrotic
tissue is ulimately removed and replaced by a
rather shrunken and cystic ghiomesodermal scar.

A generalized arrest of blood Row to the brain is
most commonly the result of cardiac arrest. This is
usually 3 complication of some surgical procedure
under general amaesthesis. Milstein (1956) estimated
that sbout 300 deaths in the United Kingdom were
caused by cardiac arrest related to surgery but by
1970 the number of such deaths had dropped to 100
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Fig 8a Normal right Ammon's horn 1o compare with
fipure 8b.

Fig9n Normal right Ammon's horn. To compare wilh
Sipure P&, The orrows delineci the Sommer sector.
Cretyi violel. x 9,

per annum in England and Wales (Wyke, 1975), the
difference in mortality being attributed to better
methods of resuscitation.

If cardiac arrest is of abrupt onset and occurs in
& patient al normal body temperature, complete
clinical rocovery is undikely if the period of arrest is
more than five to seven minutes (Brierkey, 1972). A
short period of cardiac arrest combined with periods
of reduced cerebral perfusion pressure before or after
the artedt may be as important as the duration of
compicte arrest (Miller and Myers, 1972) and may
lead to accentuation of the ischaemic damage in the
arierial boundary rones (Brierley, 1976).

If death occurs within 24 to 36 hours of the arrest,

FigBb Right Ammon's korn Necrosis in the Sommwr
sector is sren mocrosco pically.

Fig% Right Ammon's hora thowing recenl seleciive
newronal mecrayis of Soswmst secior (berween arrows)
and in endfolivm. Crespl violet. x 9.

the braim, apart from a variable degree of swelling,
may appear normal externally and on section even
alter adequate Sxation Within 36 to 48 hours it is
sometimes possible to identfly laminsr or patchy
discolouration in the depths of sulkcl, particularly in
the posterior halves of the brainand selective necrosis
in the Sommer sector of the Ammon's horn (fig 8a
and b), Microscopy reveals diffuse ncuronal necrosis
with & charscteristic pattern of selective vulnerability.
Ischacmic damage is commonly greater within sulkcl
than st the crests of gyri and is maximal in the third,
fifth and sixth layers of the parietal and occlpital
lobes (fig 2. In the Ammon's horn the Sommer
sector and endfobium are the most vuinerable (fig 92
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and b) Thess changes are sometimes associated with
nacrosis of the baso-lateral portion of the smyg-
daloid nucleus. The pattern of damage in the basal
gangha i less constant and tends to be most frequent
in the outer balves of the head and body of the
caudate nucieus, and in the outer half of the putamen.
Damage in the globus pallidus may occur in all
types of hypoxia but Is especially common in carbon
monaxide intoxication. Primary hypoxic damage in
the thalamus is most comumon in the antericr, dorso-
medial and ventro-lateral nuclel In the cerebellum
there is characteristically diffuse necrosis of Purkinje
celly. Damage to the brain stem nuciel tends 1o be
more severe in infants and young childrea than in
adults.

FPatents with severe diffuse braln damage due to
cardiac mrrest rarely survive for more than a few
days (Bell and Hodgton, 1974) but occasionally
they may remain alive in a persitiemt vegetative
state for up to six months or longer (Brieriey er af,
1971; Jennen and Plum, 1972) Whh increasing
survival, the necrotic lissue is replaced by a glio-
mesodermal scar. When this ocours there may be an
appreciable reduction ia the weight of the brain and
evidence of atrophy of both the cortical gyri and
cerebellar fobia, In coronal slices ventricular enlarge-
ment may be considerable. Whereas the corex of
the parietal and occipital lobes will be reduced to a
thin band of discoloured tissue, often with a line of
cleavage between it and the underlying white matter,
that of the frontal and tenporal lobes may appear
esxntinfy narmal. While the parahippocampal gyti
are usnally normal, the hippocampl may show ‘he
features of Ammon’s horn sclerosis. Even when

Fig 10 Coromal section of broiz from patieni who
survived for four years in c persisient wgetotive siale
afier cardioc arrest. The cortex s greally narrowed ond
thare it gross exsewiclly symmsirical eslarpewesi of the
::r;da. The Ammon’s horng and 1he tholams are af 3o
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cortical nocrosis is severs and survival is for only a
few weeks the thalami may appear grostly normal
Eventually evidence of retrograde degeneration will
be seen in the corresponding thalamic association
nuclei (fig 10).

Oligaemic

Because of autoregulation a moderate faB in cerebiral
perfusion pressure does not lead 10 & reduction in
cercbral blood flow. However, when vasodilatation
is maximal, autorcgulation ceascs and the ccrebral
Hoodﬂowwiﬂfdpankluthpufmmm
Oligaemic brain damage due to systemic anerial
hypotension conforms to onc of three patterns
{Adams er al, 1965), of which the first two types are
the most common

cerebral cortex and in the cerebellum (fig 11). If the
lesions are large and of several days’ duration they
can be recognized macroscopically provided that the
brain is cut in the coronal plans (g 122). They vary
in size from foci of necrosis in the cortex 10 large,
wedge-shaped lesions extending from the cortex
almost to the angle of the lamral ventricle. In the
cortex, damage is most frequent and most severe in

. %
. - apAT
Fig 1l Diagram 1o show arterial boundary roass in

cereirel and cerebellor The right carebral
hemisphere is shown ot three levels, Wiz, I = fronia,

2 = mud-emporol and 3 o occcipitel. Exch bowxdary
romt Is sippled. ACA = anterior cerebeal arsery,
MCA = middle cervbral ortery, PCA = pasterior
cerebral artery, SCA = superior cevebellar orery and
PICA = posterior inferior corebedior arter y,
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Fig 2a

D. 1. Grakom

Figlin Coronal secron of broin jrom patient who
swrvived for I7 days qfier & myocerdial ifarcr. Now
Jocally haemnorriegic ifarcts (arrows) in the boundar y
zomer batween the anterior and middie cerebral

artericd territories, and betwoen the middls and poxterior
cerebral arterial serrivories. Compare distrbation of
lasions with figure 11,

Fig 12b Sarme cam as dlsstrated in figurs 120, Stices
of corebelior hemiy phures 10 show dukdly

e infarcis & dorsal angle of each
Juwa’s phars, e, in the bomacky y sones batwees 1he
superior and posterior infarior cerebellor arterial
terrisorias. Compare with figery 1.

the terrisories of the and posterios inferior
cercballar arteries Ses benenth the dorsal angle
of each bemisphere (fig 12b). Thete is variable

involvement of the busal ganglia in the
head of the caudate nucieus and the upper part of the

putamen. The Ammon's horn and brain stem are
usually oot involved. While iofarction in the cortical

ZoDes may occut in the sbacace of ischae-
mic lesions io the batal ganglis and cerebellum the
converse is not conmon.

Ou the basis of clinical evidence (Adams ¢f of,
1966, Adams, 1974) and experimental studics on
primates (Briericy of of, 1969) this type of brain
damage appears to be caused by a major and sbrupt
ophode of hypotension followed by a rapid return
to s oocmal blood pressure. It i often seen after a
comcious paticnt has collapsedas aresult of asudden
reduction in cardisc output, viz, due to ischaemic

subject during dental or neurosurgical procedures.
particularly in the sitting position (Brieriey, 1970).
More recently it has been dsscribed following the use
of methylmetharylic bone cement (Adams ¢! al,
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1972), in paticats undergoing eracrgency treatment
with anthypertensive agents (Grabam, 1975) and io
patients dying fram blunt bead injury (Grahaem efcl,
1975). Because of the precipitate decrease in arterial
pressure theee is & trantient fadlure of autoreguistion
and 3 wvere reduction iz CEP o the regloas most
removed from the parent arteria) steros, ie, the
hoendary zooes,

2 Ischacmic damage is geoeralized i the cartex
of the cerebrum and cerebelum, is micor or absent
in the hippocampl and is often severe in the thalami.
The oumber of cases is emall (Brierley and
Cooper, 1962; Adaras ¢f 2f, 1966) but it would seern
that this type of damage appears to be associated
with hypotension of s relatively sow cnaset but of
long durstion.

3 Ischacmic damage is generalized in the cortex
of the cerebrum and cerebellum but with variable
accentuation along the arterial boundary zones. The
hippocampi are usually spared and there is paichy
damage in the basal gaoglis. This type of damage
appears to be associated with the abrupt onset of
hypotension which is responsible far the acotmination
of damage within the boundary zooes followed by a
sustainsd period of Jest severe hypotension which
causes the diffuse damage.

2 ANOXIC AND HYPOXIC BRAIN DAMAGE
These terms imply that the blood leaving the luags s
either devoid of or has a greatly redoced oxypen
cootent. Hypoxaemia of this severity will ocour if
there is obstruction of the alr paswages, after the
inhalation of inert gases and in aviation accident
prodocing Even though it is stll
widely believed that brain damage can resolt from s
simpie reduction in the oxygen content of arterial
biood, there is a mck of critical physiological data
about cxses purporting to show a correlation between
oturalogical dysfunction and brain damage ascribed
to the hypoxaemia, Indeed there is good experi-
roenia) evidenoe io Rhesus monkeys and in baboous
{Brieriey, ©72) that the severity of the hypoxia
required to pradoce brain damage also produces
myocardial depression and a reduction in cardisc
output. Ths, Brierley concluded that hypoxic
hypoxia can produce brain damape only through the
mediom of a secondary depression of the myo-
cardium, the pattern of darnage being similar to that
o'l;:imic hypoxic brain damage =s described
a

3 ANAEMIC BRAIN DAMAGE

This octux's classically o carbon monoxide pofson-
ing. The neurological complications of carbon
monoxide polsoning are many (Gariand and Pearce,
1967) bat there s oot & cambination of neuralogical
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Fg 13 Coarbon monoxide poisomdng. There U
inforction of the superior pole of the globms paltidus
(arrow). Cefloidin sectiopn—mpelin pain x 1-6.

and peychistric symptoms that can be regarded at the
specific consequences of such poisoaing since similar
tymptoms snd signs may be encountered after
cardiac arrest, hypoglycaemia, etc.

When death occors within a few hours alter
poisoning, the I'.'I'lllll display the pink/red colour
characteristic of carboxyhaemoglobin. When sur-
vival is for 36 to 48 hoyry, the heajn shows evidence
of congestion, and petschine are frequently seen in
the white matter and the corpus callosum. Although
there is a particular predilsction fer infarction of the
globus pallidus in carbon monoxide poisoniag (6ig
13), there is also nenroaal necrosis in other selectively
vuinerable regions such a3 the Ammon's born and
the cerchral and cerchellar cortex.

Changes in the white matter are 2 common sad
often conspicuous neuropsthological consequence
of carbon monoxide poisoning Damage to whits
matter tends to occut, particularly in patients who
develop delayed signs of intoxication afeer a period
of relative normality following acuts poisoting.

Recent experimental work in the Rbesus monkey
(Ginsbery of al, 1974) has underlined the importance
of systemic circnlatory factars in the prodaction of
brajn damage, the concentration of damage in the
white matter possibly being doe to 2 combination of
a toxic cffect of carbon manoxide wogether with a
moderate redoction in blood flow and pertmps an

4 HISTOTOXIC BRAIN DAMAGE

The histotoxic effects af the cyanide ion and sodium
amde xre doe to the inhibition of cytochrome axidase,
In acoie intoxication death ensues rapidly from
respiratory failore. In such cases the brain shows
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hyperaemia and multiphe petechial haemorrhages. In
longer surviving cases necrosis has been identified
in the lentiform nucleus and in the cortex of the
cerebrum and cerebelum (Brieriey, 1976). Experi-
mental studies have now shown that brain damage
produced by cither cyanide (Brieriey, 1975) or azide
(Mectler and Sax, 1972) capnot be attributed to

higtotaxic hypoxia slone WAt results from their }

secondary effects on respirstion and circulation,
S HYPOGLYCARMIC BRAIN DAMAGE Y

Hypoglycaemis in man may lead t0 permanent §

brain damage. It may be due 10 an excess of insulin

given either for the treatment of diabetes meflitus ™

or psychosis and in rare instances of klet cell tumour
of the pancreas and in examples of idiopathic
hypoglycaemia in infants (Brieriey, 1976).

In cases of short survival the brain may appear
notmal There may be atrophy of the cortex and
hippocampi and enlargemene of the ventricular
system in cases surviving for & number of weeka
Microscopy shows that the brain damage is very
similar in type and distefbution to that seen in
ischaemic hypoxic brain damage, ie, nerve cell loss
and a gho-mesadermal reaction in the striatum, the
cortex and the hippocampus, except that there is
aften relative sparing of the Purkinje cells in the
cerchellum.

Studies of hypoglycaemia in experimental animals
have shown that ischaemic cell change is the principal
neuropathological consequence of uncomplicated
hypoglycaemia (Meldrum er of, 1971 ; Brierley of of,
19712 and b) and In longer surviving animals there is
nerve cell ims and & variable glio-mesodermal
reaction in the striatum, the cerebral cortex and the
hippocampus (Kahn and Myers, 1971). These
experirnents show that the blood glucose level must
fall to abowt 1 mmod/l (20 mg100 mi) if uncompli-
cated hypoglycaermia Is to produce brain damage,
though a higher level of blood sugar may produce
similar damsge if complicated by some hypotension,
hypoxsemis or epleptic activity. 11 is therelore quite
possible that if a patient has been in hypoglycaemic
coma for some time, both oligaemic and hypoxic
factors may have contributed to the brain damage.

A diffarent type of neuropathological change has
been descyibed in the human infant as s consequence
of hypoglycaemia (Anderson ef af, 1967). Neuranal
changes were generalized and included chromato-
lysis with cytoplasmk wvacuolation in some and
fragmentation of puclear chromatin in others. It has,
however, been suggested that these appearancescould
be attribyted to autolyshs (Brierley, 1976).

6 FEPRILE CONVULSIONS AND STATUS
EFILEPTICUS
Status epilepticus may be defined beoedly as aconvul-

D. 1. Graham

Fig ¥ Stoms eplepiios. Celloidin secrion o f riglhe

semporal lobe from a ehild who died in coma five dayt
afwer o series of comndsions. Noww widespread mwonal
ntcrosis in cortex amd Awemon's korn There i1 alwo
u;mrdlbnh:hr&du:. Creryl vipiet,

x /8.

sive episode lasting over an hour without an Interve-
ning period of consciousness (Corsellisand Meldrum,
1976). It has long been recognized as & serious danger
10 We at any age but it offers a special threat in
childhood. The basic neurapathology is that of
severe and diffuse ischaemic damage of stagnant
hypoxic type in which there is widespread necrosis
of the cortex, Ammon's hom, bessl ganglia
thalamues, cevebellum and parts of the brain stem
(fig 14) Thus marus epiepticus, particularly in
children, constitutes a medica] emergency. Fortu-
nately many patients make sn uneventful recovery
but some have a permanent inteflectua! or neuro-
logical deficit cavused by hypaxic brain damage.
Experimental studies in subhuman ptimate
{(Medrum and Horton, 1973; Medrum and
Brierley, 197); Madrum rtal, 1973) have emphasired
that seversl factors may contribute to the bram
damage, eg, arterin] hypotension apd hyperpyrexis.
Evidencs of an impaired neuronal energy metabolism
was a0 [ound due to a combination of excessive
peuronal activicy and sccumulative effects of second-
ary changes such s hypaxia, hypogiycaemia,
hmuulan.,ac

Coschuions

Hypoxic bruin damage may occur in diverse clinical
situations where there is an inadequate supply of
oxygen or ghucose 1o nerve celfis. Many patientt who
experience an episode of severe hypoxia die withina
few hours when the psthologist will not be able to
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identify sny macroscopic abnormalities in the brain
If the patient survives for more than a few hours,
howevey, varying degrems of damage are easily
identified, particularly if the brain has been property
dissected afer adequate Axation

The identification of ently hypoxic brain damage is
made difficult in the human brain because of histo-
logical artefact The earfiest clearly idencifiable
structural damuge is sclective neuronal necrosis as
shown by ischaemic merve ool change with incrusta-
tion formation. If the hypoxic insult is more severe
then frapk infarction may occur. In each instance
the necrotic tissue is replaced by a ghic-mesodermal
reaction

Thw distribution of hypoxic damage is mos! easily
assessed in large representative sections of the brain.
It is not usually feasibie for the general pathologist
to undertake a comprehensive neuropathological
analysis in every case of suapected hypoxic brain
damage. Fortunatey, however, it s possdle to
establish that a patient has experienced an episode
of hypoxia sufficiently severe to produce widespread
hypoxic damage by the histological examination of
bilatzral small blocks froms the ‘sclectively vulnerable
arvas’, namely, the arterial boundary romes, the
Ammon's horms, the thalamus and the cerebellum.

My thanks to Profemor J. H, Adams for belpful
criticlsm, o Mrs Ann Oenties for typlag the
manuscript and to Mrs Margaret Murray for photo-
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Respiratory Acidosis

Respiratory acidosis is primary increase in PCO, with or without compensatory increase in HCO,~; pH is usually low
bt may be near normal. Cause is a decrease in respiratory rate, volume (hypovertiiation), or both due fto CNS,
pulmomaiy, or istroganic conditions. Resp ratory acidosis can be acute or chronic; the chronic form is asympiomatic,
but the acute, or worsening, form causes headache, confusion, and drowsiness. Signs include lremor, myocionic
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Treatment
« Adequate ventiation
o NaHCO, aimost aiways contraindcated

Treatment is provision of adequale vendlation by efther endotracheal infubstion o noninvasive positive pressure
ventlation (for specific indicalions and procedures. set Rosoimiory Fallure and Mechgnicsl Vertilaion). Adequate
ventiation = all that is needed 10 CoImect respiratory acidosis, aithough chronic hypercapnia generally must be
corected siowty (eg. over saveral hows of more), because tooyapid PCO, lowering can cause a posthyper Capric
overshoot™ akalosis when the underlying compensatory hyperticarbonatemia becomes unmasked; the abrupt rise
in CNS pH tha! results can lead to seizures and death. Any K™ and CI~ deficits are carrected

NaHCO, is almost sways contrandicated, because HCO,™ can be converied to PCO, in serum but crosses the
blood-brain barrier slowly, thus increasing serum pH without affacting CNS pH. One exception may be in casas of
savere bronchospasm, n which HCOa' may kmprove responsivenass of bronchial smooth muscie to 8-agonists.

Key Points

« Respratory acicosis nvolves a decrease in respiratory rate and/ar volume (hypoventiiation).

+ Common causas include impaired respiratory dive (eq. due 1o toons, CNS disease). and arfiow obstruction (eg, cue to
asthwna, COPD, siesp apnea. arway ecdema).

« Recognize donic hypoventliation by the presence of metabalic campensation (elevatec HCO,") and clinical signs of
tolerance (Jess sonnolence and confusion than expected for the degree of hypercarbia).

« Treat the cause and provide sdequale venilation, using tracheal intubation or nonnvasive positive presaure ventiation
as neaded

Last Al revisw/revision Fobruary 2013 by James L Lewi, B, MD
Corvtentt st aociified October 2013

Aufio Figures Phoingraphs Sidebars Tables Videcos

Copyugm € 2070-2014 Mgrck Sharp & Dohwne Corp. & USRIy of Merck & Co. inc, Whltehouse Staion. MU VS A Privacy Tems of the
Prarrmig gone

httn: JRrrany mard-mamiale ramineafacsianalimndnacrire and watehnlin Horedneninadd beae LR YR Y XN



ORIGINAL ARTICLE

Suicide By Asphyxiation Due to Helium Inhalation

Matthew O. Howard, PAD.* Martin 7. Hall, PAD,* Jeffrey D. Edwards, MSW,* Michael G. Yaughn, PhD.}
Brian E. Perron, PAD.§ and Ruth E. Winecker, PhDY

Abstract: Suicide by ssphyriation using haliam @ the most widely promoted
rocthod of “sell -deliveramcs™ ummmLm Mde @
krowm showt persems itta bcides of the d ad
mmwh:hlhqnmﬂﬁd.?mrmofudnhyw
tien inwolving helivm were reviewed and deaths determined by the Nonh
Caroling Office of the Chief Medical Examiner to bt helinm-associated
ssphyrisl suicdes oecurtiag between Jeanuary 1, 2900 sad Decomber 31,
2008 were inciuded in g new case series examaed i n this srticie. The 10
stphyisl suicides mvolving helium ideatified in North Carvling tended
otsur simest exciusively in nos-Hisparic, whis men who were retatively
young (Mage = 411 * HE) In § of M0 coes, doordents muffered from
significan peychiatric dyslanction; in 3 of évese 6 cascs, psychimric disor-
dets were presost comorbidly with sebstsnce sbuse. Is pose these cases were
deoedensts wif fering from tomical Mocss. Most porsen: conwmiting scide
with helium wery free of terrrinal Recss but suffered freen prychistric sad/ar
substaace Wox dsonders

Koy Werda: asphyxia, helium, suicde, right-lo-ife
{4m J Forocsic Med Pathal 2010:30(: $00-000)

Puliinu'm. 1 1991, of the right-to-de mamfesto and suicide
“how-to” guide, Final Exit: The Practicalities of Seif-Deliver-
ance and Assisted Suicide for the Dymng,' rumed » macistrom of
controverty reganding the appropriaeness of sucide as a respoase 10
terminal or “bopeless™ physical illoess and cxposesd divisions within
the right-to-d movemnent itsell. 12 the 19908, many right-to-die
sdvocates were engaged in public education a1 to the purported
virtues of advanced directives, living wills, and legafired physician-
smisted suicide? At the same ‘ime, other elements of this move-
ment, inclodng the Self-Deliverance New Techaology (NuTech)
Group, were developing technologies o “empewes people to die on
their own terms by controlling the timing and maaner of thetr own
death ™ ¢ © NyTech members, inchuding Derek Humpbry, author of
Final Extt, sought to identify multiple suicide methods that were
swift, painless, failure-proof, inexpengive, and nondisfiguring. The
group alw congidered i vital that the method be smpie, leave Litte
or no mdaauonthtlhhlhwwmrﬂ 10 nangre and not
require a ﬁlrncun 1 astistance or

With its detailed descriptions of diverse suicide methods and
specific endorsement of the plastic bag asphyxinton method, pub-
Heation of Final Exat brougit in easily understond and generally

Nl!'l'.rlil DALS929, DAISSSE, DAURMDS (MOH.) and

Mathew O. Howsed, Frank Dasicts Distinguished Praf coscx,
T-u-lr‘mllﬁm@]‘ﬁ.dﬁﬂﬂ.m
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cffective suade metbod 10 the mases. The book was 8 commeras!
success, appearing on the New York Times bestseller kst and selling
more than 1.5 miltion copies in the decade followisg i publication.
I 2007, Fizs! Exit was named one of the 25 ruost infipential books
of&eruqmmqhbmheﬁﬁuudedmﬂusa
Today.

Concerns that suicides in nonterminaily ill depressed persons
might follow exposure to methods elucidated in Final Exit were
moon raised,’ and dramatic incresses in plastc bag uphyxisl mi-
cides were ohwerved in New York City® and the United States® in the
year following publicanon of Final Exit Investigators conchuded
that “roan persons expesed wo Final Exit were not terminally if] and
bed uted it as 2 mnicide manual .. (and thet) ¥ it kikely that &
peychiatric disorder would have b:ndn;bclﬂd in most of these
FD#-”’ 1389}

Effarts by NuTech and others o develop & more effective
suicide method and widely disseminate it to the pablic have contm-
ued to the present. [n 2000, & supplereat to Final Exit was published
m:mmnnrndamptn of betum-assitied plastc g
asphyxistion.” Advocates emphasizod the snbanced kthality of this
approach, reduction in fime required for death to occur to kem than
5 minytes, and climination of the need for a sedative prescription.
Proponeats of the method ako noted that materials needed to

such micides are readily accessible and that asphyriation
due to helium inhalation is often undetected by autopsy (where
findkags are 1y picslly nonspecific) or toxicological anslyss (because
specnl amphing and asmy methods are required) Thua sxh
aticides are likely © remain undetected iz cases where the belivm
delivery apparatys and plastic bag are removed before the death
xene 13 examined and oo other mformation i available imphcating
death by belium-amisted naphyxiation ModiScations of the hativm
metbod were publithed in 2002° and 2009, & DVD inchuding &
mp-by-nq; derooastration of the method 1s availble far pur-
chase, * and innructiona] videos dq:i:hgmzrnuindw.cmihlc
on the mtemat. A schemstie of the heliom delivery appanitus is
presented in Figure 1.°

Givena the recent development, broad dissemination, and no-
tabie lethality of helium-assisted suicide, we endeavored to heter
understand charscteristics of suickdes by this method Fim, we
reviewed findings of extant stodies examining suicides by asphyx-
ation due 1o helum inbalation. Second, we repont aew findings from
the mrgest scries of theae suicides herctofore exmnined. Results of
this investigation may lead tc impeoved identification of heliwm-
assisted suicides by medica! examiners, enbanced screeniag ind
prevention effarts on the part of physicians and other prof estontis
treating mdivicuals ot nsk for suicide, and shad new light on
unintended deleterious consequences of widespread dissemmation
of detailed suicide methods to the general public.

MATERIALS AND METHODS
The current report presents findings from 2 related studies.
The first is & review of published investigations of suicides by
uphyxiation due tc helium inhalation. The second is & case series of
suicides by aspbyxintion dee 10 helium inbmlation sccurriag in Nosth
Carolina between 2000 (the year in which the method was frst
described) and December 31, 2008.
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FIGLRE 1. Schematic of plastic bag asphyxdation suicde us-
ing helium gas in final exit. Reprinted with from
Firol Exit The Procticolities of Seldeleronce ond Assisted Sui-
cide for the Dying # o

Identification of Published Reports

A broad search of the ganersl medical bterature was uader-
taken for any relevant reports addressing suicide by asphyxiation
due 10 helium nbalation This procss eatalled warching the
PubMied dannbam for the period Jasuery 1, 1957 to November 1,
2009 using the search phrase “suicide and helium.” Seven pertinent
records were identified as follows 6 Enghsh-language cise stud-
ies' 1% gnd a Denish-laaguage case study.'” A search of EMBASE
using the identical apgroach for the period Jamary 1, 1918 o
November ), 2009 ubentified the mme 7 reports. The 6 English-
iinguage reports relevant to this review were published between
2002 and 2007 and present a total of 14 cascs!'"'* The Danish
study included 1 synoptic abairact in English indicating that the
decodent was & 35-year-ok! man who had committed suicide with
& plastic bag and heliwm using & “new and Inlhly lethal tech-
pique.™” The casc reports included in this review constitute the
eatirety of published research on helism-assisted suicide and are
presented in Table 1.

identification of Suicides by Asphyxiation Due to
Helism Iphalation in North Carolina

All deaths detexmined by the Morth Carotma Office of the
Chief Medical Examiner (NOOCME) to be asphyxial reicides duc o
belium inhaktion that coowrred berween Janusry 1. 2000 and De-
cember 31, 2008, were included in this stady. These suicides were
identificd through a search of the maoner and canse of desth flelds
of the slectronic records mentamed by the NCOCME. The presence
cf helfum was confumed by toxicolegical testing in 9 of 10 ident-

-
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Mmmymhwm(u.lonl)mmnbmd
to toxicological westing far belium. Specimens from suspected he-
tam asplryxiation cases 1utopsied xt the NCOCME are collected In
20 mi besdepace visle [n some cams, given that one central
mbaratory conducts testing for all medical oaminer cases in the
state, blood mmples are deliverad 0 the NCOCME in standard
collection vials. Immediately upan arival, 5 mL of blood from the
stanchrd sutopty vial is transfeired to 3 headipace wial for later
analysis. Medical reconds associsted with these deaths were manu-
ally reviewed and abstracted insluding the OCME Report of Inves-
Ligation, Stats of Narth Caroline Death Certificate, Report of A
topey, Toxicology Report, Case Encounter Form, Pathologint’s
Notes, and Supplemental Report of Cavee of Death. Oa Jamuary 5,
2010, the University of Norih Carcling Institutional Review Bosrd
determined that the reported rescarch docs oot require Enatitutional
Review Board approval under pertinent federa! regulsiions. Char-
acterntics of the 10 cases identified are presented in Table 2.

RESULTS

Review of Published Cases

The first death auritated to wicide by aspbyxhition due
Iwlium inhaltioa reported in e medical literature occurred in
September 2000,'! shortly after the description of the methad was
publithed Severs] nvestigators asserted the: suicides by the helium
metbod bad ot been setn in their locakities prior to publication of
the 2000 Supplemen to Final Exit V-'343-14

The 14 decedents whose cases were presnied in the 6
peblished reports ranged in age from 19 ' 81 (M age = 500, SD =
21.8, nuhn—4l5).5amlhnmdw-hum
MMMMMMBM&R&
603, and 705. Medical and peyctiiatric bistories were scast of entirely
mf«mmﬂmﬂlmdm
prior suicids attempi(s), schizophrenia, or some combina-
tion thereof n 4 (25.6%) cases In 4 (25.6%) mdditional cases,
prychiatric dyshmction may have contrbuted to the suicide, givea
that 3 of thest decedents were determined to be in good health (ages
49, 49, and 76) and one mentioned the receat death of his wifeas 2
reason foar his suicide in & note left at the death scene. [n 5 other
cioes (including 4 decedents in their 20s or 301), no medical or
pychamc histories were reporiod. A tennina! disease process was
present in only 2 of 14 (14.3%) cases. [n 2 (14.1%) additiona] casey
mvdungmengn?lmdn"ﬁfnqbuhh and “unspecified
bealth problems™ were possible factors Medical dosor-
ders were not implicated in 10 of H (71.4%) suicides.

In all reported caises. routine texicological testing did not
reveal the mresence of hefum and menner and cause of desih
determinations relicd heavily on death soene investigations. AUIOpsy
findings tonded to be shewnt or nonspecific io the 12 cases that
mvolved an au .

In 8 cases (57.1%), a swicide nott was found, and i 4 cases
(28.6%) right-to-die literature was found al the death xcene

A oumber of helum delivery devices were employed. Five
cases involved use of a mask; 4 of these cases were reported in 2002
wzwlbefatphmh;nphymm(nhu:_ of a mask)
became preferred by adwocates of S heltarn metod” Charscter-
moflhphm:mhqu—l._duhhnlmﬂudvd:m
sTaps o secure plastic bags 1o the necir, types of heliym camsters
mﬂ:yd.tduedmh;hlhﬁ:h;lnluumm
with published! descriptions of belism-assiseed suicide®

Characteristics of Suicides by Asphyxiation due to
Helium Inhalation in North Carofina

Asphyxial suicides in Narth Carcling involving belium inha-
lation tended to ocour shmost exclusively in noo-Hispanic, white

© 2010 Lippincor: Wiliame & Wilking
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men who were relatively youag (M age, 41.1; SD, 11.6; mnge,
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cisted with mjuries sufered in 2 molor vehicle acedent, and
diabretes {with probable coronary aniary discasc in 3 decedenta). Onc
decodent was fond with dectrocardiogram eads atached 1o ber
body, but autopsy and tozicological findings were oegative for
potestial explanations for the desth Other tan heliwm-assitted s3i-
cide. In cone of 1he 10 cases were decodents mdfarng from tcrminet
il

Helium delivery devices were consistent with those recom-
mended in Final Exit (g, use of T-valves, 2 belium mnks, Veicro
and other neck fasteners), and all were associated with use of o
plastic bag rather than mask.® In 5 cases, a suicide note was found
in 2 cases, 3 will was left; in ] case, insurance papers were Jeft; asd
in 2 cases, right-to-dic materiab werc found.

Autopsies were perf ormed in a ma jority of cases and typically
revealed evidence of pulmosary vascular congestion and mikd cere-
bral cderne. Ethanol and diphenhydramine were considered coetrib-
uting causcs of death in 1 s cach

. DISCUSSION

Despite reports identfying a plethora of prosuwcide internet
sites providing detaied instructions in methods of suicide including
helium-assisted asphyxiation,™ media accounts of hefium-assisted
suicides," " and the recont arrosts of Fina! Exit Network members
for allegedly assisting in asphyxial saicides involving helivm,
scientific investigations of soch suicides are largely absent from the
medical Fterature. This dearth of information is unfortunate given
the tragic consequences of fuch acts und because it is postible that
suiciies by the hethan method are wnderestimated and increatingty
common {or reasons described later in the text
ot have been carefully detailed and widely publicczed and the
approach is promotod a3 simple, painicss, and quick! Matcrisis
pecded for helum-assisted soicdes are cassly obtamed and mexpen-
sve. One well-known intamet vendor careatly solis disposablc
helium tnks for kess than $50, and reports that cestomers who
bought helium tanksaiso oficn bought the book Final Exit** Unless
there is & high index of suspicion for hellum involvement in & death,
the death may be efronecusly artritarted to nateral causes or wnder-
hying illness because sandard toxicological asayr are unlikr.lr to
deteet helium and sutopsy findings arc genenally nomspecific. ¢
Scandard toxicological assays using GC/M3 empioy helivm as the
carmier gua and therefore cannet detoct helium usless another s
(eg, nitrogen) is substituted for the heliwm. Anwaeter ¢t al™ and
Galtagher et 2}’ developed uscful methods of collecting. presetv-
ing, and soalyting gas sampics taken {rom decodents’ for qualitative
detection of helium In alt North Carolin: cases, helium-delivery
devices were found at the death scese, and loxicological testing was
conducted in 9 of 10 cases. However, it is postible that an snlnown
pumber of such soickdes wam und d, i and whes bhelium-
delivery devices and plastx bags were removed from the death
scene prior 10 investigation. Tbe aathor of Final Exit states that a
person may choose (o iesve rigino-dic matertakt to be found to
make an ethical statemnent that they sre committing “Tatiooa! sui-
cide” or, conversely, makc plans to have the helium delivery
sppanstus and plastc beg removed following their death if they
prefer 1o kecp the saicidal natare of the death concealed® Toxieo-
logica! testing for helinm tas been coaducted at the NCOCME in
suspected cases since 2003 by a novel testing procedure using & dual

celi thermal conductivity detector.™

© 20J0 Lippincatt Williaw: & Witing

Copyright ® Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Of particular concem, e recent nstiona) reports of notable
mcreases in the prevalence of suicide duc to suffocation (s ctegory
thet inciudes deads by plasic bag wphyxiatios with or without
helm assistance 13 weil s ing snd strangulaticn) since the
19908 and especially since 2000, Such mcreascs have been
observed in respondents of widely vatying ages, including adoles-
centy, and both genders. Obeervens have soted that te reasons {ar
hese increases are poorly understond, that declining rates of ruicide
observed in the 19905 have been targely reversad, and that recent
increascs in sweides due to suffocsbon account far most of e
teccnt cversll mereascs in ratcs of suicde™ U is possibic that
preater awarentss of the plastic tmg asphyxution method and the
enhanced lethalkity of the method when used with hdium may
socount for the significant increases  suicides due to suffocation
reported since 2000.

Given the national growth in sdolescent, young adult, and
aduht suffocation suicides since 200022 and relatively young age,
psychiatric dyshunction, and aheence of terminal illness character-
st of many wentified cases, it is poaible that many porsons
committmy Suicide by the belivm method are aeither hopelessly por
mrminally il, but mther prychatricaly disordersd. Albough the
author of Final Exit cautions teaders w be certain they are
hopelessly i, and not just depressed and to talk to their doctor,®
depressive iliness and substance dependercy often impair the
very capacitics required tomake hese asiessments and undertake
those actions.

Prospective studies are needed © better undersiand the prev-
thence, incidence, predictors, and characieristics of asphyxial sui-
cides due 10 helum inhalation It is impeortant to leam more about
desedents’ medical and peychitric histories and the circamatances
in which atxhior suicidal persons encounter descriptions of
the bettum metbod (eg, intemnet demonstratioms of the process). Al
present, profemionat working with perwons ot risk for sulcide
thould routinely astets whether patients have read or viewed -
strectiona! materials describing specific methods of swicide such as
betium-sssisted plastic bag asplryxation. Inquirics of this matare do
pot ncrease subsocg risk for micide and ran provide crizically
importast isformation to guide apptopriate prevenative actions
where indicated ™% Medical examiners shoxld abso increase theie
index of suspicion for smcides by asphyxmtion asocmted with
heliwm inhalation. Medica! ethicigts and the genersl pablic may also
want to carefually weigh the unintended adverse consequences of
widely disseminated muicide methods likely to appesl to some
depremsed persons (irrespective of their physical health satus or age)
1gainst the putstive benefitt amocited with making these methods
more widely known and svailable.
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EXHIBIT 7



Report on Study of Methods of Execution &
Recommendations for Procedures

Submitted by: Louisiana Department of Public Safety & Corrections
February 18, 2015

House Resolution 142 of the 2014 Regular Legislative Session was enrolled and signed
by the Speaker of the House on June 5, 2014 to study and make recommendations
relative to the different forms of execution and the methods of execution to determine
the best practices for administering the death penatlty in the most humane manner.

The Secretary of the Louisiana Department of Public Safety and Corrections, James Le
Blanc, chaired this work and held an organizational meeting on July 22, 2014 to
organize a study committee to conduct this work. At that time, he assigned the
following individuals to serve on the commiittee:

Burl Cain, Warden, Louisiana State Penitentiary

William Kline, Executive Counsel, DPS&C Legai Department

Seth Smith, Chief of Operations, DPS&C Office of Adult Services
Stephanie LaMartinere, Assistant Warden, Louisiana State Penitentiary
Bruce Dodd, Deputy Warden, Louisiana State Penitentiary

James Hilbumn, Attorney, Shows Cali & Waish, LLP

Jeff Cody, Attorney, Shows Cali & Walsh, LLP

Angela Whittaker, Executive Mgmt Officer, DPS&C Secretary’s Office

The committee met on the foliowing dates:

August 11, 2014: Planning meeting to develop resource and research needs of the
group.

September 2, 2014: Report and discussion on research findings.

October 31, 2014: Report and discussion regarding identifying experts and discussion
on additional research compiled.

December 4, 2014: Report and discussion regarding research and protocol options and
drafting the required written report.

January 8, 2015: Review of research and draft report and consensus on
recommendations for protocol options.

January 22, 2015: Review and approval final report.

Study Response to HR 142 of the Louisiana 2014 Regular Legislative Session
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Background:

Capital punishment, or the death penalty, is a sentence used in the justice process
whereby an offender is put to death as punishment for a crime he/she committed. The
death penalty in the United States is a legal sentence and states determine whether the
death penalty will be used as a foom of punishment for crimes committed within their
borders.

In Louisiana, the death penalty may be applied in cases involving first degree murder, a
violation of La. R.S. 14:30, in circumstances such as:

(1)

(2)
(3)

(4)

(5

(6)

(7)

(8.

(8)

The murder was committed during the commission of or attempt of, a specified
felony such as aggravated kidnapping, second degree kidnapping, aggravated
escape, aggravated arson, aggravated rape, forcible rape, aggravated burglary,
armed robbery, assauft by drive-by shooting, first degree robbery, second degree
robbery, simple robbery, temcrism, cruelty to juveniles, or second degree cruelty
to juveniles.

The murder was committed while the defendant was engaged in “ritualistic acts.”

The murder was committed for pecuniary gain or pursuant to an agreement that
the defendant would receive something of value.

The defendant caused or directed another to commit murder, or the defendant
procured the commission of the offense by payment, promise of payment, or
anything of pecuniary value.

The defendant has been convicted of, or commitied, a prior murder, a felony
involving violence, or other serious felony.

The capital offense was committed by a person who is incarcerated, has
escaped. is on probation, is in jail, or is under a sentence of imprisonment.

The defendant was a drug dealer or has prior convictions involving the
distribution of a controlled substance.

The victim was under the age of 12 years.

The victim was 65 years or older.

{10) The victim was a firenan, peace officet, or correctional officer engaged in his

lawful duties.

Study Response to HR 142 of the Louisiana 2014 Regular Legislative Session
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{(11) The victim was a witness in a prosecution against the defendant, gave material

assistance to the state in any investigation or prosecution of the defendant, or
was an eyewitness to a crime alleged to have been committed by the defendant
or possessed other material evidence against the defendant.

(12) The murder was espedially heinous, atrocious, cruel or depraved (or involved

torture).

Before a jury. may impose the death penalty it must consider whether there were any
mitigating circumstances againstimposing the death penalty. Louisiana Code of Criminal
Procedure Art. 905.5 provides for the following mitigating circumstances:

(@)

(b)

()

(d)

(e)

!
(@)
(h)

The offender has no significant prior history of criminai activity,

The offense was committed while the offender was under the influence of
extreme mental or emotional disturbance;

The offense was committed while the offender was under the influence or
under the domination of another person;

The offense was committed under circumstances which the offender
reasonably befieved to provide a moral justification or exienuation for his
conduct,

At the tme of the offense the capacity of the offender to appreciate the
criminality of his conduct or to conform his conduct to the requirements of
law was impaired as a resutlt of mental disease or defect or intoxication;

The youth of the offender at the time of the offense;

The offender was a principal whose participation was relatively minor;

Any other relevant mitigating circumstance.

Pursuant to La. R.S. 15:569 and 570, every sentence of death executed on or after
September 15, 1991, shali be by lethal injection, that is, by the intravenous injection of a
substance or substances in a lethal quantity into the body of the offender untii such
person is dead.

Inciuding Louisiana, there are currently 34 states that authorize the death penalty. Most
all of these states have adopted lethal injection as the primary means of implementing
the death penalty. While 18 of those states have solely authorized lethal injection as the
execution method, the rest of the states that impose the death penalty have also set
forth altemative methods of execution such as electrocution, lethal gas, hanging, and
the use of firing squads. The methods of execution for each such state are set forth in
the chart below.
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Research from Other Capital Punishment States:

3/31/98 may choose tethal
injection or electrocution

El 1 » s
2l s 2| of 3 13 3
t 3| 8| & & 573 8
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2| 8| 8 *| = ¥z £
5|« = =< §
State
Lethal injection, unless )
inmate affirmatively selects 500 mg - m_|dazolan1
electrocution hydrochloride; 600 mg-
Alabama x | x rocuronium bromide; 240
milliequivalents -
potassium chloride
Lethal injection; inmate midazlam/
hydromorphone
Arizona X X sentenced on or before
11/15/92 may choose lethal
injection or lethal gas
Lethal injection, but Statl.fte specifiesa
Aricansas X x electrocution if lethal ::rb'tu?te P teceded bya
injection declared nzodiazepine
unconstitutional
Lethal gas or lethal injection
California X X may be chosen by inmate; if
inmate fails to choose either
method, then lethal injection i
Colorado x Statute specifies sodium
Lethal injection thiopental or equivalent
Connecticut X Lethal injection :
Delaware bt Lethal injection
Lethal injection, uniess
inmate affirmatively selects
. electrocution; if both
Florida X X deemed unconstitutional,
then any constitutional
method
Georgia X Lethal injection
idahe X Lethal injection
indiana X Lethal injection
Kansas X Lethal injection
Lethal injection; inmates
Kentucky X X sentenced on or before
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i paralytic agent
Missotri x X | Lethal gas or lethal injection
1 - . -
Lethal injection | Statute specifies an ultra-
Montana x fast-acting barbituatein
combination with a
chemical paralytic agent
Nebraska X Lethal injection
Nevada X Lethal injection
Statute specifies an
Hampshire | X Lethal injection; but may be | barbituate in combination
by hanging if lethal injection . with a chemical paralytic
deemed "impractical” agent
Lethal injection, but only for
New Mexico X aimes committed prior to
July 1, 2009; otherwise,
capital punishment repealed
North .
Carolina Lethal injection
Ohio . o midazlam/
Lethal injection hydromorphone
Lethal injection; but midazlam/
electrocution if lethal hydromorphone
injection held
unconstitutional; if both
Okiahoma  x 1 x % | |ethal injection and
eiectrocution held
unconstitutional, then firing
squad
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infection is held
unconstitutional, then firing
squad
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short-acting barbituate in
Oregon x combination with 2
chemical paralytic agent
and potassium chloride
Lethal injection .
Statute specifies an
ultrashort-acting
Pennsylvania | x barbituate in combination
' with chemical paralytic
agents
Electrocution, but inmate
rmay choose lethal injection;
if fails to choose either, then
South Ietha_l injectic':n; but if
Carolina X X convicted prior to date 9f
statute, then electrocution
unless chooses lethal
injection; if iethal injection
held unconstitutional, then
electrocution
South Dakota X Lethal injection
Lethal injection; but
offender, whose capital
offense occurred prior to
Tennessee X X 1/1/33, may choose
, electrocution; if those
methods deemed
unconstitutional, then use
any constitutional method
Texas X Lethal injection
Lethal injection; but firing Statute specifies thatone
squad if court determines of the intravencus
inmate has a right to this injections shall be sodium
Utah X x | alternative; if lethal thipoenta! or equivaient
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inmate may choose lethal
Virginia x x injection or electrocution; if
refuses to choose, then
lethal injection
Washingtan x x Lethal injection, unless
inmate chooses hanging
Lethal injection; if lethal Statute specifies an ultra-
injection is held short-acting barbituate,
unconstitutional, then lethal | alone or in combination
gas. with a3 chemical paralytic
. . agent and potassium
Wyoming X X *Wyoming Senate recently chloride
approved legislation that
allows for the use of a firing
squad. Concurrence is
pending by the House.

It may be noted that the basis for utilizing a particular method of execution is not
necessarily uniform among the states that offer more than one execution methed. In
some states, Jethal injection is the primary execution method unless it should be
declared unconstitutional, in which case the statute next provides for an alternate
method, or a series of alternate methods in the event a successive method shouid be
deemed unconsttutional. In other states, the condemned inmate is actually given a
choice between lethal injection and ancther alternate method of execution.

In Louisiana, between 1919 and May 21, 1957, executions were conducted by the local
parish law authorities. Prior to August 6, 1941, the penatty in Louisiana was carried out
by hanging. The last hanging in Louisiana was on March 7, 1941. Between August 6,
1941 and June 9, 1961, executions were performed by electrocution in the electric
chair. Between 1841 and 1957, a portable electric chair was transported from parish to
parish in order that the death penalty could be administered in the parish where the
crime was committed. After 1957, the State became responsible for administering the
death penalty. Prior the reinstatement of capital punishment, the last death in the
electric chair was on June 9, 1961.

In 1967, there was a rising tide of ltigation against the death penalty. Federal courts
suspended all executions pending a final decision by the U.S. Supreme Court. In 1972,
the U.S. Supreme Court struck down all capital punishment laws as unconstitutional. All
individuals under death sentenced at that time were re-semtenced to life in prison.
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Effective October 1, 1976, the new Louisiana death penalty statute was adopted. The
state's death penalty law was again revised in 1978, specifying that the sentencing
judge must sign the death warrant rather than the govemor. Capital punishment was
reinstated in Louisiana on June 29, 1979,

In 1930, the legistature approved the use of iethal injection for those sentenced after
January 1, 1991, In 1991, the legislature provided that every death sentence executed
after September 15, 1991 would be by lethal injection. Since the reinstatement of the
death penalty in 1979, there have been 28 executions performed, 20 by electrocution
and B by lethal injection. The last one was on January 7, 2010.

The death penalty has risen to the forefront of national headlines recently due to the
shortage of drugs historically used in the lethal injection process. States continuing to
carmy out executions have been forced to obtain drugs from other sources or substitute
drugs normally used in the process. The altematives have provided inmates with new
grounds for appeal as they request transparency regarding execution methods.

To date, Louisiana has 85 offenders in custody who have been sentenced to death.
Study:

This study was conducted by reviewing available scientific, technical and safety
literature related to various methods of execution. It is not intended to express an
opinion about Louisiana’s law for administration of capital punishment.

Lethal Injection Protocois:

Through February 2011, Louisiana had in place a three drug protocol which included 3
gm sodium thiopental, 50 mg pancuronium bromide and 24C meq potassium chloride.

In February 2011, after lawsuits, intemational trade restricions and raw materials
shortages complicated the market for drugs used in executions and the lack of
availability of sodium thiopental, a decision was made to modify the three 3 drug
protocol to use pentobarbital in lieu of sodium thiopental. This decision was based on
experiences in Oklahoma using pentobarbital and the use of it being upheld in the
United State District Court in the Westem District of Oklahoma. Base on the change,
the protocol then called for 1 gm of Pentobarbitol, 50 mg pancuronium bromide and 240
meq potassium chioride.

In January 2014, the protocol was again updated to provide two options for lethal
injection. They are:

A) 5 gm of Pentobarbital or
B) 10mg of Midazolam and 40 mg of Hydromorphone

Study Response 10 HR 142 of the Louisiana 2014 Regular Legislative Session
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Recommended Protocols:
A. Lethal Injection

We are recommending for consideration a lethal injection protocol that calls for
the use of a one drug protocol utilizing 5 gm of Pentobarbital injected
intravenously (IVP). This protocol has been used in numerous states, including
Texas, as a one drug method. The avafability of this drug to Departments of
Corrections is however severely hampered and there could be issues obtaining
a supply of Pentobarbito! or any other drug to be used for lethal injection. Drug
suppliers have refused to sell drugs to the prison systems for use in executions
and other entities have refused to sell to Louisiana DOC. It is this committees
understanding that suppliers have threatened providers with no longer supplying
the drugs to their businesses if they in tum sell to correctional agencies for the
purpose of lethal injection. As a result, suppliers fear the backlash of bad
publicity to their businesses if involved in providing the drugs to corectional
agencies.

This committee also recommends reconsideration of a bill that combines the
language from the original and amended versions of House Bill 328 of the 2014
Legislative Session authored by Representative Lopinto. The attached draft
legislation (Appendix A) amending LA R.S. 15:569 outlines what is needed to
aliow for the recommendations within this report and wil provide for the
confidentiality of information related to the execution of a death sentence. The
amended version of the prior bill stated that “The name, address, qualifications,
and other identifying information of any person or entity that manufactures,
compounds, prescribed, dispenses, supplies or administers the drugs or supplies
utilized in an execution shall be confidential, shall not be subject to disciosure,
and shall not be admissibie as evidence or discoverable in any action of an Kind
in any court or before any tribunal, board, agency, or person. The same
confidentiality and protection shall also apply to any person who participates in
an execution or performs any ancillary function related to an execution and shall
include information contained in any department records, including electronic
records, that would identify any such person.” Such legislation would provide
some security to those tasked to and involved in carrying out the state’s order to
execute an individual as punishment for a qualifying crime,

It should also be noted that the U.S. Supreme Court will consider in April whether
a multi-drug protocol used in recent lethal injections in other states violates the
Constitution with regard to cruel and unusual punishment.

B. Induced Hypoxia via Nitrogen
It is the recommendation of this study group that hypoxia induced by the

inhalation of nitrogen be considered for adoption as an alternative method of
administering capital punishment in the State of Louisiana.
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it is important to note that the recommendation would induce hypoxia, which is a
deficiency of oxygen reaching the tissues of the body. In nitrogen induced
hypoxia, there is no buildup of carbon dioxide in the bloodstream so the subject
passes out when the blood oxygen falls too low. The research reviewed
suggests that this method would be the most humane method and would not
result in discomfort or cruel and unusual punishment to the subject.

Though the exact protocol and nitrogen delivery device have not been finalized, it
has been determined that a Gas Chamber wouid not be used. Options for the
nitrogen delivery device include a mask or a device similar to an oxygen tent
house (small clear oxygen tent covering only the head and neck area). Research
as to the best method of delivery is ongoing.

Oklahoma has recently filed similar legisiation to allow for induced hypoxia (refer
to Appendix 8). Also, you will find attached the Executive Summary (Appendix
C) of the research conducted in QOkiahoma that supports this method as a
humane method which does not require the assistance of licensed medical
professionals. We have also attached the documents (Appendix D) which make
up the research used in Oklahoma by this committee in developing this
recommendation. This method is believed to be simple to administer and
nitrogen is readily available.

Conclusion:

This committee submits this study response to House Resolution 142 of the 2014
Regular Legislative Session to make recommendations to consider relative to the
different forms of execution and the methods of execution upon agreement that the
above considerations represent the best practices for administering the death penalty in
the most humane manner. There are two sides to the debate on the death penalty.
Proponents believe that the death penalty reduces <ime and provides safe
communities, while also honoring the victim and those left behind who grieve a loss.
OCpponents believe that the cost of capital punishment doesn't justify the outcome, that it
does not deter crime, and that there are social injustices that are not addressed that
make justice system inequitable. As a whole, this committee takes no stand on either
side of this debate, but submits this response based on the request for this study and
the research and matenials available to the group.

We close reminding readers that many are directly impacted by the process of capital
punishment: the victim, the victim's friends and family; law enforcement; the judiciary,
the prosecutor, the defense attorney, the jurors, the public, the offender, the offender's
family, and the staff tasked to camry out the protocol, to name just a few. We understand
that the decision to act on these recommendations for consideration is an enormous
task before you that cannot be taken lightly. We trust thalt we have provided the
information you needed to consider Louisiana's options.
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Amendment to LSA-R.S. 15:569

**Delete current Sections A and B; rewrite statute to read as follows:

Section J. R.S. 15:569 is hereby amended to read as follows:

§569. Place for execution of death sentence; manner of execution; confidentiality

Every sentence of death executed in this state on or after August 1, 2015, shall be
conducted by either of the following methods:

(1) Lethal injection, which is the intravenous injection of a substance or substances in a
lethal quantity into the body of a person convicted until such person is dead.
Execution by lethal injection shall be permitted in accordance with procedures
developed by the department.

(2) Induced hypoxia via nitrogen or an inert gas, which is the adininistration of gas in a
lethal quantity upon the body of a person convicted until such persen is dead.
Execution by nitrogen or inert gas shall be permitted in accordance with procedures
developed by the department.

A. The method of execution shall be chosen by the secretary of the department based upon
the availability of the department to administer the lethal injection or induced hypoxia.

B. Every sentence of death imposed in this state shall be executed at the Louisiana State
Penitentiary at Angola. Every execution shall be made in a room entirely cut off from
view of all except those permitted by law to be in that room.

C. No licensed health care professional shall be compelled to administer the lethal injection
or induced hypoxia.

D. The name, address, qualifications, and other indentifying information of any person or
entity that manufactures, compounds, prescribes, dispenses, supplies, or administers the
drugs or supplies utilized in an execution shall be confidential, shall not be subject to
disclosure, and shall not be admissible as evidence or discoverable in any action of any
kind in any court or before any tribunal, board, agency, or person. The same
confidentiality and protection shall also apply to any person who participates in an
execution or performs any ancillary function related to an execution and shall include
information contained in any department records, including electronic records, that would
identify any such person.

E. The provisions of the Administrative Procedure Act, R.S. 49:950, et seq., shall not apply

to the procedures and policies conceming the process for implementing a sentence of
death.
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STATE OF OKLAHC!
1st Session of the 55th Legislature {2013)

HOUSE BILL 1879 Ey: Christian

AS INTRODUCED

An Act relating to criminal procecure; amending 22
0.S. 2011, Section 1014, which relates o the manner
of inflicting punishment of death; providing
alternative method for inflicting punishment of
death; and providing an effective date.

BE IT ENACTED BY THE PEQPLE OF THE STATE OF OKLAHOMA:

SECTION 1. AMENDATORY 22 0.5. 2011, Section 1014, is
amended to read as follows:

Section 1014. A. The punishment of death shall be carried out
by the administration of a lethal quantity of a drug or drugs until
death is pronounced by a licensed physician according to accepted
stancards of medical practice.

B. If the execution of the sentence of death as provided in

subsection A of this section is held unconstitutional by an

appellate court of competent jurisdiction or is otherwise

unavailable, then the sentence of death shall be carried out by

nitrogen hypoxiea.
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C. 1If the execution of the sentence of death as provided in

gabseetsieon subsections A and B of this section is held

unconstitutional by an appellate court of competent jurisdiction or

is otherwise unavailable, then the sentence of death shall be

carried out by electrocution.
&+ D. If the execution of the sentence of death as provided in
subsections R ard, B and C of this section is held unconstitutional

by an appellate court of competent jurisdiction or is otherwise

unavailable, then the sentence of death shall be carried out by
firing squad.

SECTION 2. This act shall become effective November 1, 2015.

55-1-6354 GRS 91/20/15

Reqg. No. 63%5¢ Page 2




