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Note from the Editor

In this issue of WCHM, which marks our sixth year, we continue to search out practical applied topics and
wound care, diving, and hyperbaric medicine. First, Gretchen Dixon continues coverage of the changing
requirements for billing and coding. CMS will implement a prior authorization model for non-emergent
hyperbaric oxygen therapy in lllinois, Michigan, and New Jersey to ensure the services are in compliance
with Medicare rules. For more information, start reading on page 7.

Our prolific authors Drs. Strauss, Le, and Miller continue their exposition on diving stresses with near-
drowning and drowning events on page 17. Drs. Strauss and Miller and also contribute an article on the
considerations of oxygen in wound healing on page 47.

We welcome Drs. Nasole, Paoli, Bosco, and Camporesi, and their article on sinus and ear disorders as
effects of hyperbaric oxygen therapy. See their article on page 35.

Darren Mazza continues his coverage on safety issues for CHTs with his article on the importance of pre-
treatment patient education on page 45.

Also included is this issue’s Clinic In Focus, which features the Memorial Hospital Wound Clinic/Hyper-
baric Medicine Department in Colorado Springs, Colorado. If you are a part of an exceptional hyperbaric
or wound care center, contact us today to be our next featured clinic!

We encourage our readers to take advantage and share WCHM with colleagues and clients alike. In ad-
dition, if you have a clinic, be sure to add your details to our Map of Wound Care and HBO Centers.

Please join us in delivering the highest quality publication in the industry, focused on advancing the
knowledge and practice of wound care, diving, and hyperbaric medicine by providing your comments,
articles, industry information, press releases, and updates.

Sincerely,

Jennifer Calabro Pecora
Editor, Wound Care and Hyperbaric Medicine Magazine

www.bestpub.com « ©2015 Best Publishing Company WCHM ~ 5
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Your Double-Headed Dragon Requires Attention

Wrangling Compliance and Documentation
Gretchen Dixon, MBA, CCS, CPCO

orking with compliance and documentation—your

double-headed dragon—can call to mind the ex-
pectation of a challenge; however, getting both of these
heads to work together is vital to each provider’s busi-
ness survival. Often discovered through revenue cycle
audit results is a valley of missing information neces-
sary to bridge these components and ensure our pa-
tient care services are accurately reported. This valley
affects the accuracy of your patient’s acuity level and in-
tensity of services with complexity of care provided. This
article will discuss the activities you need to embrace
and the specific documentation details required for ac-
curate ICD-10 code assignments related to wounds.

ICD-10-CM implementation is less than 9 months
away—what have you done during last year’s reprieve in
preparation? Many provider practices as well as small-
to mid-size hospitals continue to squander this time.
The compliance section of this article is to be used as
an evaluation tool to determine your current status and
readiness towards implementing ICD-10-CM. An addi-
tional section will provide key clinical documentation
verbiage to assist in providing the specific details neces-
sary to ensure selected ICD-9-CM or ICD-10-CM codes
accurately reflect the patient’s level of acuity and inten-
sity of service with complexity of care provided.

Topics in this article affecting wound care services in-
clude
e Compliance and documentation

e Changes with Modifier 59 when reporting
evaluation and management services

e CMS Model for pre-authorization of non-emer-
gent hyperbaric oxygen therapy

e New HBO HCPCS Level Il code

Begin by Understanding Compliance

To simplify the definition of COMPLIANCE™, this mne-
monic device uses each letter to identify the clinical
documentation improvement activities necessary to
meet today’'s and tomorrow’s regulatory guidelines,
which will involve providers and payers sharing service
accountability through the Affordable Care Act.

Evaluate your clinical documentation activities. How
does COMPLIANCE™ fit into your everyday patient care
documentation activities?

C = CHANGE begins by recognizing old documentation
habits and building new habits through under-
standing the requirements of detailing informa-
tion to support the level of acuity and intensity
of service with complexity of care.

0 = OPTIMIZE your clinical documentation details to
provide an accurate, concise, and complete sto-
ry of the patient’s encounter.

M = MENTOR your peers by encouraging their clinical
documentation improvement (CDI).

P = PRACTICE daily adding details to your clinical docu-
mentation.

L = LEARN with enthusiasm how to incrementally add
details in a patient’s medical record. Start with
the most common diagnosis in your office and
learn the specific details ICD-10-CM expects.
This endeavor should improve your current ICD-
9-CM code selection and prepare you for the
code change on October 1, 2015.

I = INSTILL a positive outlook towards changes along
with the long-term benefits to your practice.
Long-term benefits could be as simple as know-
ing you complied with federal, state, and local
regulations; reducing the number of held claims,
which require timely re-work; or experiencing a
decrease in AR days as well as an increase in
timely reimbursement.

www.bestpub.com « ©2015 Best Publishing Company
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A =ACTION includes addressing weak areas in your clini-
cal documentation. Enlist the assistance of your
coders or internal auditors who have reviewed
your documentation. Listen to their suggestions
and then help your peers to understand the val-
ue of clinical documentation change.

N = NEVER ASSUME health care professionals involved
with your patients’ medical records will be able
to interpret your documentation for patient ser-
vices if the information is not accurate, clear,
concise, and complete.

C = COMPLY with clinical documentation improvement
to better represent the acuity of patient care
and intensity of services with complexity of care.
Without detailed clinical information available,
often the acuity of care and intensity of services
with complexity of care are not supported. This
data can affect your patient care profile moni-
tored by third-party payers and external agen-
cies as well as patients.

E = EDUCATE yourself and peers by seeking opportu-
nities to learn new clinical documentation ele-
ments. It can be as simple as how you select
verbiage for a sentence. Changing verbiage or
re-aligning thoughts often help others to read
and accurately interpret your information.

Compliance Summary

Evaluating your current habits, staff skills, and level of
ICD-10-CM understanding; preparing with education,
both formal and informal (on-the job); and interacting with
payers and systems for their ICD-10-CM readiness will all
be vital to a successful transition. Mitigating discovered
weaknesses in your processes now will help to reduce
the last minute scurry and re-work load as we approach
October 1, 2015. Will there continually be opportunities
before and after October 1, 2015? Absolutely. However,
by working through affected staff education, answering
questions objectively, ensuring processes are current
and technology is up to date for the implementation of
ICD-10-CM, you will be in a better position for the change,
thus managing your two-headed dragon. Your bridge of
preparedness will be stronger for this dynamic change.

Proactive Documentation Direction

Our focus is to provide specific information as it relates
to describing the specific wound characteristics that
need to be documented in detail in the medical record.
It is the details that will direct either the provider or
coder to select specific ICD-10-CM codes to accurately
support services provided.

NOW: Currently, providers are paid for services using
CPT codes with a limited focus on the diagnosis, which
most likely is represented by an unspecified diagnostic
ICD-9-CM code. Payers reimburse by service provided
as long as the diagnostic code is reasonable or within
the diagnosis coding category. Your data is being mes-
saged now by third party payers.

THEN: Starting October 1, 2015 under the Affordable
Care Act (ACA) there is a transition that needs to be un-
derstood and engaged. Providers and payers will be held
equally accountable for accurately providing, reporting,
and reimbursing healthcare services based on clinical
documentation. The ACA with HIPAA continues reform-
ing ambulatory patient care to include provider risk shar-
ing. This involves a transparency and accountability
movement toward value-based purchasing (providers
managing the patient care) with a focus on improving
health conditions. How you treat your patient’s medical
condition(s) and results/outcomes will be more closely
monitored by your payers.

NOTE: Payers can remove you from their contracts if the
clinical information reported with ICD-10-CM codes and
CPT codes do not align to support the level of acuity
and intensity of services with complexity of care based
on your data or the data of your peers for the same spe-
cialty.

Transition

Part 1: After the implementation of ICD-10, providers
will no longer be paid just for the service they provided;
there must be a clear reason (diagnosis) stating why the
service was provided. Presently, part one of the equa-
tion looks like this: S=P

Service = Payment

(as long as there is a diagnosis code in the broad category
to support why the service was performed)

Part 2: There must be a level of certainty with each diag-
nosis, which means specificity in the details of the clini-
cal documentation. The specific diagnosis provides a
more accurate selection of ICD-9-CM/ICD-10-CM codes,
thus avoiding the selection of unspecified codes. We
have always been paid for unspecified ICD-9-CM codes,
so why is it necessary to change? On October 1, 2015
the equation will become:D+S =P

Diagnosis code(s) [Why] + Service
[What was provided] = Payment

8 ~WCHM

©2015 Best Publishing Company - www.bestpub.com


http://www.bestpub.com/

Volume 6 Issue 1 + Spring 2015

Why is it suddenly necessary to reduce the use of un-
specified diagnosis codes that have commonly been
used in the past? Starting on the ICD-10-CM go-live
date, the Centers for Medicare & Medicaid Services
(CMS) will be gathering data on the use of unspecified
diagnosis codes. It is anticipated the data collection
will be conducted for up to two years and may result in
changes to Relative Value Unit calculations, which may
affect your reimbursement of services.

Also, it is anticipated there will be a reduction in pay-
ments for low level of acuity and low intensity of ser-
vices with low level of complexity of care related to the
diagnosis and services provided. While there are times
when an unspecified diagnosis code may be appropri-
ate to report conditions of uncertainty, using unspeci-
fied diagnosis codes will also be viewed as a reflec-
tion of low acuity and low intensity of services with
low complexity of care. The above chevron provides a
visual effect.

Third party payers have already begun to monitor provid-
ers’ use of unspecified codes. As they build their data
banks, each provider’s frequency in reporting unspeci-
fied codes may cause additional claim and documenta-
tion scrutiny. Identifying unspecified code usage could
have a negative outcome for providers—this includes
audits of clinical documentation to determine if there is
specific medical necessity information for the services
provided.

Profiling will escalate with like peers comparing this
data of unspecified codes routinely reported on claims.
Continued routine use of unspecified codes could result
in the provider being removed from certain health plans
with a possible negative financial outcome on a provid-
er's business.

The use of unspecified codes is tracked in most data
collection systems and identifies these codes by spe-
cialty, resulting in a list of the top ten reported unspeci-
fied codes. However, it is a known fact there are times

when an unspecified code is acceptable or even neces-
sary to report signs or symptoms and is the best choice
to accurately reflect what is known about the patient’s
medical condition at the time of the visit. Coding guide-
lines instruct coding to the level of certainty known for
the visit; if a definitive diagnosis has not been estab-
lished by the time the patient visit has concluded, it is
then appropriate to select an unspecified code. Every
code selected by a provider or coder must be supported
by clinical documentation, as it would be inappropriate
to select codes that are not supported by medical re-
cord documentation or that are medically unnecessary,
such as for diagnostic testing.

The following example uses the documentation of a
common wound care patient diagnosis coded in ICD-
9-CM and then in ICD-10-CM. The reader should note
the complexity of the information documented in the
patient’s medical record; this is absolutely necessary to
select the most accurate diagnosis code that reflects
the level of acuity and intensity of services and complex-
ity of care.

Original documentation: This is an established patient
with a chronic ulceration of the calf (which calf). Ulcer
measurements noted. Necrotic or devitalized tissue is
estimated to be present in 75% of the ulcer bed with
25% beefy granulation in the wound bed. Debridement
performed.

As you can see, the diagnosis codes have different de-
scriptions based on the limited information in the pro-
vider's documentation. ICD-9-CM coding definitions are
less descriptive than the ICD-10-CM codes, and the
detail within the new code descriptions will more accu-
rately reflect the level of acuity thus supporting the level
of intensity for services and complexity of care.

ICD-9-CM
707.12 — Ulcer of calf

ICD-10-CM

L97.209 — Non-pressure chronic
ulcer of unspecified calf with
unspecified severity

www.bestpub.com « ©2015 Best Publishing Company
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Since ulcers involve the integumentary system the level
of documentation needs to include laterality (right, left
or bilateral), ulcer characteristics, and level of severity.
Ulcers are divided into two categories in ICD-10-CM:
non-pressure chronic ulcer and pressure ulcer. Codes
for non-pressure chronic ulcers of the lower limb in-
clude those documented as:

e Chronic ulcer of skin

e Non-healing ulcer of skin

e Non-healing infected sinus of skin

e Trophic ulcer

The following illustration provides reference informa-
tion easily located in any vendor’s ICD-10-CM mappings
manual. These manuals create a crosswalk between
ICD-9-CM diagnostic codes and all of the relative ICD-
10-CM codes, which provides options for a diagnosis code
to be selected based on the details within the provider’s
documented information. Using this type of manual will
allow you to review those codes frequently used by your
specialty and begin to add the level of details in the doc-
umentation to avoid an unspecified code selection. This
example of code selection in ICD-10-CM demonstrates
the need to document certain elements as related to
an ulcer of the calf to avoid an unspecified ulcer code
selection.

e State status: acute versus chronic (in this in-
stance chronic will be used)

e Type of ulcer: pressure versus non-pressure (in
this instance non-pressure will be used)
Anatomical location: calf

o Laterality: right, left, bilateral
Severity of ulcer must be documented
o Limited to breakdown of skin or

With fat layer exposed or

With necrosis of muscle or

With necrosis of bone or

With unspecified severity (this should never
be selected for a diagnosis in a wound care
department)

o
o
o
o

Improved documentation: This is an established patient
with a chronic ulceration of the left lateral calf. This ul-
cer was caused by an injury during a vacation 3 months
ago and would not heal while under treatment from the
primary physician. The patient has been in treatment
by this clinic for 3 weeks and the ulcer measurements
have made only minimal improvement for healing from
last visit. Agree with clinical wound assessment mea-
surements. Necrotic devitalized tissue of the subcuta-
neous tissue remains and is estimated to be present in
75% of the ulcer bed with 25% pinkish granulation in
the wound bed. Debridement performed.

The following table lays out the amount of information
required to code the diagnosis of ulcer of calf in ICD-10-
CM accurately portraying the patient’s medical condition
which supports the level of acuity with intensity of ser-
vices and complexity of care. The color coding refers to
where the Improved Documentation scenario supports
the appropriate ICD-10-CM code.

ICD-9-CM ICD-10-CM

707.12 — Ulcer of calf | L97.201 Non-pressure chronic ulcer of
unspecified calf limited to breakdown

of skin

L97.202 Non-pressure chronic ulcer of
unspecified calf with fat layer exposed

L97.203 Non-pressure chronic ulcer
of unspecified calf with necrosis of
muscle

L97.204 Non-pressure chronic ulcer of
unspecified calf with necrosis of bone

L97.209 Non-pressure chronic ulcer
of unspecified calf with unspecified
severity (Should not be selected as a
diagnosis in a wound care depart-
ment)

L97.211 Non-pressure chronic ulcer of
Right calf limited to breakdown of skin

L97.212 Non-pressure chronic ulcer of
right calf with fat layer exposed

L97.213 Non-pressure chronic ulcer of
right calf with necrosis of muscle

L97.214 Non-pressure chronic ulcer of
right calf with necrosis of bone

L97.219 Non-pressure chronic ulcer

of right calf with unspecified severity
(Should not be selected as a diagnosis
in a wound care department)

L97.221 Non-pressure chronic ulcer of
left calf with limited breakdown of skin

L97.222 Non-pressure chronic ulcer of
left calf with fat layer exposed

L97.223 Non-pressure chronic ulcer of
left calf with necrosis of muscle

L97.224 Non-pressure chronic ulcer of
left calf with necrosis of bone

L97.229 Non-pressure chronic ulcer
of left calf with unspecified severity
(Should not be selected as a diagno-
sis in a wound care department)

10 ~WCHM
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Based on the clinical documentation in this example,
ICD-10-CM code L97.222 Non-pressure chronic ulcer
of left calf with fat layer exposed should be reported to
accurately reflect the level of patient acuity with inten-
sity of services and complexity of care.

Any associated underlying medical condition such as
atherosclerosis, gangrene, chronic venous hyperten-
sion, varicose ulcer, and post-phlebitic or post-throm-
botic syndromes affecting the lower extremities requires
additional details. In ICD-10-CM many code descriptions
may now combine medical conditions. The following ex-
ample shows the specific information needed to accu-
rately identify an ICD-10-CM diagnosis code for athero-
sclerosis. This example of code selection in ICD-10-CM
demonstrates the need to document additional specific
elements as related to the underlying condition.

e Anatomical location of ulcer—include the terms

lateral, medial, inferior, superior as needed

o Thigh

o Calf

o Ankle

o Heel and mid-foot includes the plantar sur-

face of the foot
Other part of foot includes toes
o Other part of lower leg
o Unspecified site (should not be selected as
a diagnosis)
e Laterality: right, left, bilateral or unspecified
(should not be selected)
e Atherosclerosis of native arteries of lower extrem-
ity or
o Atherosclerosis of autologous vein bypass
graft(s) of extremity or
o Atherosclerosis of non-autologous biological
bypass graft(s) or
o Atherosclerosis of non-biological
graft(s) or
o Atherosclerosis of other type of bypass graft(s)
o Atherosclerosis of other type of bypass graft(s)
of extremities with gangrene
e An additional ICD-10-CM code is required to de-
scribe the severity of the ulcer tissue per coding
guidelines which must be supported with docu-
mentation to include one of the below:
o Limited to breakdown of skin or
With fat layer exposed or
With necrosis of muscle or
With necrosis of bone or
With unspecified severity (should not be se-
lected as a diagnosis)

o

bypass

(o]
(o]
(o]
(o]

Improved documentation with underlying condition: This
is an established patient with a

for over 1 year and would not
heal while under treatment from several provider special-
ists, thus supporting the referral to the wound care depart-
ment. The patient has been in treatment by this clinic for
3 weeks and the ulcer measurements have only made
minimal improvement for healing from last visit. Agree
with clinical wound assessment measurements.
remains and
is estimated to be present in 85% of the ulcer bed with
15% some light pinkish granulation in the wound bed. De-
bridement performed.

ICD-9-CM ICD-10-CM*

707.12 — Ulcer of
calf

170.232 Atherosclerosis of native arteries
of right leg with ulceration of calf

170.242 Atherosclerosis of native arteries
of left leg with ulceration of calf

170.332 Atherosclerosis of unspecified
type of bypass graft(s)native arteries of
right leg with ulceration of calf

170.342 Atherosclerosis of unspecified
type of bypass graft(s)native arteries of
left leg with ulceration of calf

170.432 Atherosclerosis of autologous
vein bypass graft(s) type of right leg with
ulceration of calf

170.532 Atherosclerosis of biological non-
autologous vein bypass graft(s) type of
right leg with ulceration of calf

170.542 Atherosclerosis of biological non-
autologous vein bypass graft(s) type of
left leg with ulceration of calf

170.632 Atherosclerosis of non- biologi-
cal bypass graft(s) type of right leg with
ulceration of calf

170.642 Atherosclerosis of non- biologi-
cal bypass graft(s) type of left leg with
ulceration of calf

170.732 Atherosclerosis of other type of
bypass graft(s) of right leg with ulceration
of calf

170.742 Atherosclerosis of other type of
bypass graft(s) of left leg with ulceration
of calf

*Each of these codes requires an additional code to identify the
severity of the ulcer)
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These codes require an additional ICD-10-CM code
to complete an accurate picture of the ulcer’s level of
severity and intensity of service from the L97-1L97.49
category of ICD-10-CM diagnostic codes. Without the
L97 codes, the diagnosis code would not be complete,
causing a possible claim denial or hold for further infor-
mation. The necessary supplemental codes are noted
below.

ICD-10-CM codes identifying ulcer severity

L97.201 Non-pressure chronic ulcer of unspecified calf lim-
ited to skin breakdown

L97.202 Non-pressure chronic ulcer of unspecified calf with
fat layer exposed

L97.203 Non-pressure chronic ulcer of unspecified calf with
necrosis of muscle

L97.204 Non-pressure chronic ulcer of unspecified calf with
necrosis of bone

L97.209 Non-pressure chronic ulcer of unspecified calf with
unspecified severity*

Laterality + Severity
Additional Detail for Right calf ulcer

L97.211 Non-pressure chronic ulcer of right calf limited to
skin breakdown

L97.212 Non-pressure chronic ulcer of right calf with fat
layer exposed

L97.213 Non-pressure chronic ulcer of right calf with necro-
sis of muscle

L97.214 Non-pressure chronic ulcer of right calf with necro-
sis of bone

L97.219 Non-pressure chronic ulcer of right calf with un-
specified severity*

Laterality + Severity
Additional Detail for Left calf ulcer

L97.221 Non-pressure chronic ulcer of left calf limited to
skin breakdown

L97.223 Non-pressure chronic ulcer of left calf with necrosis
of muscle

L97.224 Non-pressure chronic ulcer of left calf with necrosis
of bone

L97.229 Non-pressure chronic ulcer of left calf with unspeci-
fied severity*

*Unspecified codes should not be selected in a wound care
clinic

Based on the clinical documentation in this example,
ICD-10-CM codes

and
should be reported to
accurately reflect the level of patient acuity with inten-
sity of services and complexity of care.

Before closing, HCPCS modifier 59 has been used to
tell the payer a service is separate and distinct from
the reason for the encounter. As of August 15, 2014,
CMS Transmittal 1422 has redefined the application
of modifier 59 into four subsets to further define the
meaning. CMS felt modifier 59 has been overused,
abused, and incorrectly applied, therefore necessitat-
ing the change. Part of the issue with modifier 59 is
the broadness of its definition to cover many different
scenarios. CMS hopes that by redefining modifier 59
with these four subsets more precise coding options
will be available to define specific encounter activity
and thus reduce errors associated with modifier 59
overpayments, as well as provide a better understand-
ing of when and why providers use this modifier.

How will this change affect your practice? Your two-
headed dragon, documentation and compliance,
continues to be affected by this change in the health-
care business. CMS will continue to have the OIG (Of-
fice of Inspector General) review the use of modifier
59 over the next several years. Therefore, we need to
stay abreast of it, as daunting as it sometimes seems.
Within the Transmittal, directions were provided for
Medicare Administrative Contracts to review data re-
garding the application of these modifiers on claims.
The following is taken from Transmittal 1422 and de-
fines the new HCPCS modifiers.

XE—Separate encounter, a service that is distinct
because it occurred during a separate encounter
XS—Separate structure, a service that is distinct
because it was performed on a separate organ or
structure

XP—Separate practitioner, a service that is distinct
because it was performed by a different practitioner
XU—Unusual non-overlapping service, the use of a
service that is distinct because it does not overlap
usual components of the main service.
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Prior Authorization of Non-Emergent
Hyperbaric Oxygen (HBO) Therapy

Note: the following information involves two compo-
nents: physician documentation requirements and fa-
cility prior authorization of Medicare beneficiaries and
specific billing processes.

On May 5, 2014, CMS issued a press release
titled “Fact Sheets: Prior Authorization of Non-
Emergent Hyperbaric Oxygen (HBO) Therapy.”
This document appeared low on the radar but set
the stage for the implementation of demonstra-
tion programs regarding prior authorization for

non-emergent HBO in the states of lllinois, Michi-
gan, and New Jersey. This is a test to help ensure
HBO services are provided in compliance with
Medicare coverage, documentation, coding, and
payment rules prior to the anticipated services to
be performed, specifically HBO treatments.

History For this Decision

CMS is concerned about patients receiving non-medi-
cally necessary non-emergent HBO therapy in the iden-
tified three states due to their high utilization of HBO
therapy and improper payment rates for the services.
This falls under the Social Security Act, Section 1115A,
allowing that the Secretary has the authority to test in-
novative payment and service delivery processes to re-
duce program expenditures while preserving quality of
care to beneficiaries/patients.

No new clinical documentation criteria will be required.
The objective is to ensure the clinical documentation
is sufficiently detailed to support the decision for the
HBO treatment and the relevant coverage and coding
requirements are met prior to performing HBO treat-
ment and submitting claim for reimbursement.

Prior Authorization Process

This process of prior authorization will allow relevant
clinical documentation to be submitted for review prior
to providing HBO services. CMS or its contractors (your
Medicare Administrative Contractor) will review the re-
quest and provide a yes or no decision. Payment will be
made as long as there is an affirmative prior authoriza-
tion decision and all other requirements have been met.
Without the affirmative prior authorization decision the
submitted claim will be denied.

It is recommended the reader obtain a copy of all relat-
ed articles noted in the reference section of this article.

Planning ahead for beginning a patient’s HBO therapy
will require understanding the decision timeline, which
is divided based on whether the request is an initial or
subsequent.
e Initial request: this decision is to be postmarked
within 10 business days (2 weeks)
e Subsequent requests: this type of request will be
processed within 20 business days (4 weeks)
e Provisional affirmative: decision may affirm up to
40 HBO treatments in a year

Six Common Conditions Covered for HBO

The following six conditions are most commonly di-
agnosed in wound care settings and are arranged in
order of frequency.

1. Diabetic wounds of the lower extremities in pa-
tients who meet the following three criteria
a. Patient has type | or Type Il diabetes with a
lower extremity wound that is due to diabetes
i.  Coding: The physician must document
there is a casual relationship between the
wound and diabetes by using the term
“due to"?
i Without the casual relationship noted, the
two conditions are coded separately?
b. Patient has a wound classified as a Wagner
grade lll or higher
c. Patient has failed an adequate course of
wound therapy as defined in the NCD (refer-
ence noted below).
2. Chronic refractory osteomyelitis, unresponsive to
conventional and surgical management
3. Osteoradionecrosis as an adjunct to conventional
treatment
4. Soft tissue radionecrosis as an adjunct to conven-
tional treatment
5. Preparation and preservation of compromised skin
grafts (not for primary management of wounds)
6. Actinomycrosis, only as an adjunct to conventional
therapy when the disease process if refractory to
antibiotics and surgical treatment

“...in the December 10 presentation there was a change in the HBO
HCPCS code to G0277 for per 30-minute intervals of freatment.”
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For HBO therapy to be covered as an adjunctive therapy,
certain minimum criteria must be clear and detailed in
the clinical documentation as follows:

e Failure to respond to standard wound care oc-
curs when there are no measurable signs of
healing for at least 30 consecutive days or

e There are no measurable signs of healing for at
least 30 days of treatment with standard wound
therapy

e HBO must be used in addition to standard wound
care

e HBO therapy is covered as an adjunctive thera-
py only after there are no measurable signs of
health

e Wounds must be evaluated at least every 30
days during the HBO therapy program

e Continuing HBO therapy is not covered if there
is a lack of measurable signs of healing noted
within any 30 day period of treatment.

It would be most prudent to review your understand-
ing of what constitutes conventional treatment and the
specific documentation required to meet the criteria.

March 1, 2015 is when your Medicare Administrative
Contractor for the three listed states will begin accept-
ing prior authorization requests for one of the 6 condi-
tions for HBO treatment to begin on or after April 13,
2015
e All HBO treatments for one of the six conditions
with a date of service on or after April 13, 2015
must have completed the prior authorization
process or the claims will be stopped for prepay-
ment review
e Model data gathering will be for 3 years with an-
nual updates of findings.
e Anticipate further expansions involving other
states with high volume of HBO therapy and high
costs.

On November 4 and December 10, 2014, CMS conduct-
ed an Open Door Forum to inform the wound care indus-
try of the change for prior authorization of HBO in the
three states. CMS documented in the November 4 pre-
sentation that the HCPCS code C1300 would continue.
However, in the December 10 presentation there was
a change in the HBO HCPCS code to G0277 for per
30-minute intervals of treatment. This code is listed
in the most current HCPCS Level Il manual for facility
reporting of services. Validate your department Charge-

master data and update any forms, paper or electronic,
which may have the old C1300 HCPCS code.

Physician services are still reported with CPT code
99183. However, if the facility does not have prior au-
thorization or has a non-affirmed prior authorization,
the associated physician claims with the 99183 code
will be subject to medical review related at this time to
the three states listed.

With all the types of changes in front of healthcare
providers for 2015, take a deep breath and exhale
slowly, but with gusto, to calm down your two-headed
dragon. Approach these changes pro-actively and in-
crementally: Gather your team, prioritize the issues
that need to be addressed and resolved, desighate
and hold accountable those selected for specific
tasks, and entrust your staff to use their knowledge
and skKill to complete each component in a timely and
realistic manner. Working on the issues in small bits
with a thorough understanding of the goal will ensure
you will be ready to manage the two-headed dragon as
you complete your readiness for the implementation of
ICD-10-CM on October 1, 2015.
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Stresses in SCUBA and Breath-Hold Diving
Part V: Near-drowning and Drowning

Michael B. Strauss, MD; Phi-Nga Jeannie Le, MD; and Stuart S. Miller, MD

Introduction

In the four previous issues of Wound Care and Hy-
perbaric Medicine, we introduced the subject of
stimulus/stress—response/resolution and used
this as the basis for discussing the physical, physi-
ological, psychological, and no-panic syndrome
stresses of diving.X* In this article we will discuss
the ultimate and most dreaded stress of all water
related activities: suffocation in the water. It is as-
sociated with oxygen deprivation to the brain with
loss of conscious as well as various degrees of
insult to the lungs. Unfortunately, the body’s reac-
tions/responses to these devastating stresses are

very limited in the absence of restoration of ven-
tilation. The responses that somewhat mitigate
these stresses are observed in the diving reflex and
hypothermia, both of which will be discussed. Al-
though 33 different definitions have been ascribed
to drowning incidents, we will refer to them as
near-drowning and drowning.® The near-drownings
are further subdivided into events with no residual
neurological problems and events with neurologi-
cal residuals (Figure 1). While this article considers
the subjects of near-drownings and drownings in
general, as much of the information as possible will
relate to SCUBA and breath-hold diving activities.
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Extensive literature exists on near-drownings
and drownings and is excellently summarized in
articles by Golden et al. (1997) and Szpilman et
al. (2012).%7 Another authoritative source of infor-
mation on near-drownings and drownings comes
from the 2002 and 2011 World Congresses on
Drowning (WCOD), with the resulting informa-
tion adopted by the World Health Organization
(WHO). The WCOD uses the Utstein template and
defines drowning as “...experiencing respiratory
impairment from submersion/immersion in lig-
uid.”® It supplements drowning information with
outcomes that include death, morbidity, or no
morbidity. Other terms such as wet, dry, near, pas-
sive, delayed/secondary, and the time interval be-
tween the event and pronouncing the victim dead
are used to describe drownings, but the WCOD
consensus is that these terms should no longer
be used.

Whereas drowning deaths throughout the world
generate large numbers, it is fortunate that only
a small proportion occur in SCUBA divers. Sta-
tistics on SCUBA diving related drowning deaths
from the Divers Alert Network (DAN) show that ap-
proximately 100 deaths (with about a 10 percent
variance from year to year) occur in SCUBA divers
in the USA, and approximately half are designated
as drownings without any established etiologies
for the loss of consciousness while submerged.®
The data from drowning deaths in snorkelers
and breath-hold divers is less well documented
since these incidents tend to be lumped into all
deaths where a mortal submersion occurs, and
the recording of such deaths, especially for sur-
face swimmers and snorkelers, is even less rigor-
ous. The collection of data on breath-hold diving
related drownings is being initiated by DAN, but
numbers are not known to us at this time. Fur-
thermore, there is no incentive to report near-
drownings, especially those with no residual lung
or brain injury. In the USA, near-drownings are es-
timated to be 500-600 times more common than
deaths from drowning.’® Regardless, any loss of
consciousness in a water-related activity is a seri-
ous concern and especially tragic when the activ-
ity is voluntary and done for recreational, fitness,
and/or sports-related purposes.

The actual number of drowning deaths through-
out the world is unknown, with estimates as high
as over 500,000 in 2001 and 372,000 in 2012,
according to the WHO. In the USA 40 percent of
drownings occur in children younger than four
years old.® Drowning is a leading cause of death
worldwide in children five to fourteen years of

age. In the USA it is the second leading cause of
non-disease, injury-related deaths (secondary to
motor vehicle accidents) in children one to four
years of age.” In terms of exposure adjusted per-
son-time estimates, Szpilman et al. note that the
chances of drowning is 200 times higher than
such estimates from motor vehicle accidents.”

This article describes the precursors/risk factors
associated with near-drowning and drowning, the
pathophysiological events that occur with sub-
mersion injury, factors that influence favorable
outcomes, and patient management from first re-
sponse interventions to definitive management for
victims that lose consciousness in the aquatic en-
vironment. Special consideration is given to relat-
ing these subjects to SCUBA and breath-hold div-
ers. The question of whether or not to use the term
“drowned” has some pertinence and is discussed
next.

Never Say Drowned

Although death occurring while immersed in wa-
ter is tantamount to drowning, and is the termi-
nology we advocate, the admonition of “never say
drowned” should always be remembered (Figure 2)
and is well founded for two reasons. First, never say
“drowned” because recoveries, some seemingly
miraculous, have occurred after unconscious vic-
tims of immersion have been rescued and revived.
Some recoveries have occurred after immersions
of up to 60 minutes.”!* Age, absence of panic, the
oxygen conserving/diving reflex, and cold water are
factors associated with recoveries from prolonged
(up to 30 minute) immersions and, in part, reflect
the body’s limited responses to the anoxic stress
of submersion. A corollary to this admonition of
“never say drowned” is the hypothermic victim with
a profound bradycardia or asystole immersed for
less than 30 minutes. Only after rewarming with no
evidence of recovery should the victim be labeled
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Figure 2: Why “Never Say Drowned”

as dead and nonresuscitatable. How these factors
associated with the diving reflex affect recovery for
the unconscious victim of water immersion will be
discussed later in this article.

A purported (but not verified) record for recovery
after prolonged immersion is that of a newborn
being cast into a toilet bowl when the mother
did not want to keep the baby. As the informa-
tion goes, after two hours she reconsidered her
decision and retrieved the immersed neonate.
Miraculous spontaneous breathing and recovery
occurred.

Comment: The new born status, the cold water,
and the oxygen-conserving reflex are factors that
would have contributed to a miraculous recov-
ery of this sort. The oxygen-conserving reflex is
strongly exhibited in the fetus and the newborn
with its most characteristic sign being that of
bradycardia, an objective sign of the fetal distress
syndrome.*?

The second reason for “never say drowned” is that
in many victims of water immersion a preceding
event leads to the loss of consciousness in the
water. If the problem that led to the loss of con-

sciousness is not recognized and appropriate in-
terventions are not initiated, recovery will be ham-
pered. For example, loss of consciousness from a
cardiac event while immersed requires markedly
different treatment than that from water aspira-
tion associated with a blackout (see reference 4)
or from unconsciousness due to an arterial gas
embolism. This caveat of ascertaining the reason
for the loss of consciousness while immersed is
especially true for the near-drowning victim, where
appropriate immediate early management is so
crucial to achieve good outcomes. Often when a
drowning occurs it makes the headlines of the lo-
cal newspaper; however, follow-up information as
to the cause of the loss of consciousness is al-
most never reported.

Causes and Risks Factors for Near-
drowning and Drowning

There are multiple reasons why near-drowning and
drowning occur. Probably the least frequent is that
of forceful immersion as a consequence of homi-
cide, attempted homicide, or torture. Conversely,
the most frequent cause for near-drowning and
drowning is that of risk-taking, especially with re-
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g that Leads to Near-drowning and Drowning in Divers

Problem

1. Exceeding one’s capabilities

Comments/Examples
General Risk Factors (see reference 1)

Diving too deeply (nitrogen narcosis), swimming to/returning from dive sites
(exhaustion)

2. Lack of awareness of diving condi-
tions

Open water dives (disorientation), cave diving, hull penetrations (panic), diving
in currents, rip tides, traversing surf zones (exhaustion and panic)

3. Alcohol and illicit drug use

Special Ris
1. Equipment related

Impairs judgment (panic, disregard for risks, increased susceptibility to nitrogen
narcosis) (see reference 2)

ks Associated with SCUBA Diving (see reference 2)

Lack of familiarity (buoyancy control), inoperable or in heed of servicing (equip-
ment failures), loss of monitors —flooding, dead battery (disorientation, uncon-

trolled ascents, decompression obligations)

2. Entanglements

Especially with kelp and hull penetrations (panic, exhaustion of air supply)

3. Exposure and exhaustion

Hypothermia, surface swimming against currents (exhaustion)

4. Sensor failures, wrong gas mix-
tures

Insufficient oxygen

Special Risks
1. Profound hyperventilation

partial pressures (hypoxia) with closed circuit rebreathers

Associated with Breath-hold Diving (see reference 4)
Blackout from hypoxia before CO, elevation signals the diver to breathe

2. Deep dives with hypoxia on ascent | Diffusional blackou

1. Diving with medical problems

t (see reference 4)

Miscellaneous
Impaired heart function, uncontrolled diabetes, seizure disorder, stroke residuals

2. Diving in dangerous environments
sharks

Overhead boats (propeller/head injuries), polluted waters (toxic chemicals),

3. Envenomation from marine animals
shakes)

Usually from carelessness (stonefish) or handling (blue-ringed octopus, sea

spect to diving (Table 1). Several subcategories of
risk-taking exist: first there is risk-taking associated
with exceeding one’s diving capabilities. Second
there is risk-taking due to unawareness of the div-
ing conditions or challenges. Third there is risk-
taking with equipment-related situations. Fourth
there is risk-taking associated with alcohol and/
or illicit drug use in association with water-related
activities. Alcohol has been reported in about 50
percent of drowning deaths, although the majority
of these are in non-diving related water associated
activities.? Other risk factors are those of SCUBA
diving without adequate supervision/pre-dive brief-
ings and disregarding the buddy system.

A 1994 event that made news headlines was that
of a woman who drove her car into a pond with

two of her children inside in order to kill them.*®
This is the epitome of a forced immersion.

Another news headliner is that of waterboarding as
an interrogation technique. Of all forceful interro-
gation techniques, including drugs, sensory depri-
vation, absence of sleep, bodily harm, etc., water-
boarding presumably is the most effective and the
quickest from which to obtain responses.*

The technique of waterboarding is relatively
simple. The victim is securely bound, placed on
a slight downward incline, and the face covered
with a cloth. Water is then used to block the nos-

trils until the victim is on the verge of suffocation.
The urge to breathe apparently makes this the
most effective interrogation technique without
inflicting bodily harm, although deaths, presum-
ably from aspiration of vomitus and/or cardiac
causes, have been mentioned.

Comment: The bottom line is that oxygen depriva-
tion before loss of consciousness (in the absence
of no-panic syndromes) can be such a profound
stimulus to breathe it can generate confessions
even in the most hardened suspects.
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In addition, several factors are associated particu-
larly with breath-hold diving. Profound hyperventila-
tion before submersion is a significant risk factor
for loss of consciousness during underwater swim-
ming and breath-holding diving activities.* Another
risk factor in this category is the breath-hold dive
with resulting diffusional blackout.* Finally, there
are serious risks for those who attempt to set world
unlimited and free dive breath-hold depth records
(now greater than 500 feet).

In SCUBA diving excess risks are associated with
inadequate training, lack of familiarity with equip-
ment, and/or poor fitness.>*® As mentioned earlier,
drowning deaths in SCUBA divers are rare with re-
ported deaths in the USA consistently remaining
around 100 (+10%) per year.® Especially significant
risks to SCUBA divers include diving too deeply with
air, resulting in nitrogen narcosis; panic, which is
frequently caused by entanglement; and depletion
of air supply. Drowning deaths from decompression
sickness and arterial gas embolism are exceedingly
rare because the victims are usually on the surface
when symptoms manifest themselves and a buddy
diver is usually in attendance. Other SCUBA diving
causes/risk factors associated with loss of con-
sciousness in the water include hypothermia and
exhaustion. With closed circuit rebreather diving,
drowning deaths most often occur due to hypoxia
from insufficient oxygen partial pressures caused
by human error or equipment malfunctions.>’
There are also medical conditions that can cause
loss of consciousness in water such as myocardial
infarction, heart arrhythmias, stroke, seizure and
hypoglycemia.* Trauma from boating accidents
and shark bites (with acute blood loss) can be an-
other cause of loss of consciousness in the water.
Finally, there is the potential (possibly hon-existent)
for loss of consciousness in divers from venomous
marine animal bites and stings, such as from the
sea shake and the blue-ringed octopus.

Related Near-drowning and
Drowning Terminology

A number of other terms associated with drowning
are eschewed by the WCOD in favor of the simple
outcome terminology of morbidity, no morbidity,
or mortality after water immersion, as previously

mentioned. The problem with this simplified termi-
nology is that additional descriptions are required
in order to define and/or explain the morbidity.
Nonetheless, it is important to be aware of other
terminology associated with near-drowning and
drowning. Sudden (instantaneous) drowning was
described by Keatinge in 1977.*® He postulated
that the immediate loss of consciousness and
drowning deaths in aviators whose planes were
shot down over the cold North Sea waters was due
to uncontrollable gasps in the near freezing wa-
ter. If the head were submerged, water would be
aspirated and consciousness almost immediately
lost due to brain hypoxia. Wet and dry drowning
refers to whether or not enough water is aspirated
to cause electrolyte imbalances in the body. Fur-
ther discussion of this will occur later in this ar-
ticle. Secondary drowning refers to the delayed
onset of pulmonary edema after a near-drowning
episode?’® and is most frequently reported in near-
drownings of children. It is believed to be due to
a hypoxic insult to the alveolar capillaries, which
gradually lose their integrity so that diffusion of
serum into the alveoli occurs and causes the
victim to become progressively hypoxic with dys-
pnea, tachypnea, confusion, agitation, and even-
tually lose consciousness. Treatment requires all
measures necessary to manage pulmonary ede-
ma including breathing enriched oxygen mixtures,
diuretics, intubation, and positive end-expiratory
pressure ventilation.

Dive Scenario: A healthy, fit, well-trained SCUBA
diver loses consciousness on the bottom in about
30 feet of water with no apparent cause. Fortu-
nately, the dive buddy recognizes the situation
and brings the unconscious diver to the surface.
Immediate cardiopulmonary resuscitation is ini-
tiated and breathing and heart activity resume.
The victim, while still unconscious, is brought to
a nearby hyperbaric chamber where he is recom-
pressed on a Navy Treatment Table 6-A (maximum
depth of 165 feet) because of suspected arterial
gas embolism. Near the end of the six-plus hour
treatment the semiconscious diver becomes agi-
tated. Immediately on completion of the treat-
ment table the patient is transferred to an emer-
gency department where he requires intubation
for hypoxemia. Subsequent x-rays demonstrate
extensive pulmonary edema.
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Comment: Many questions arise with this scenar-
io, including why loss of consciousness occurred
almost immediately on reaching the shallow bot-
tom depth. An arrhythmia is probably the best
explanation for this since no equipment or gas
mixture problems were found during the investiga-
tion. Second, did the victim experience an arterial
gas embolism since consciousness was lost on
the bottom and not upon surfacing? Did the treat-
ment table with high pressure oxygen breathing
contribute to the pulmonary edema? Regardless,
the onset of pulmonary edema (as manifested by
agitation and confusion secondary to hypoxemia
and “white out” of the lungs later obtained on a
chest x-ray) was presumably due to the alveolar
insult with delayed manifestation from water as-

Pulmonary edema, apparently in the absence of
near-drowning, has been reported in SCUBA div-
ers without loss of consciousness while diving.?°
The cases described occurred in cold water, but
mention of water aspiration was not noted. The
pathophysiology and management appear to be
the same as described for secondary drowning.

Comment: It is known that small amounts of wa-
ter aspiration into the lungs precipitates changes
in lung function (described later in this article).
Whether occult aspiration of water during the
dive or moisture in the breathing gear was a con-
tributing factor is not known.

Another variant of “delayed” drowning was asso-
ciated in a breath-holding thoracic squeeze epi-
sode.?* Three hours following an apparent full re-
covery after loss of consciousness and retrieval

piration. These findings occurred nearly six hours
after retrieval from the water and are postulated
to be an example of “delayed” drowning.
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during ascent of a breath-hold dive (i.e., diffusional
blackout—see reference 4), the victim became pro-
gressively hypoxic and failed to respond to treat-
ment measures. Autopsy demonstrated serum and
blood in the alveoli. The three-hour latency period
represented the time it took for serum and blood to
accumulate in the alveoli and reflected the charac-
teristics of a delayed drowning.

Evolution of the Understanding of the
Pathophysiology and Management
of Near-drowning

The understanding of what happens in near-
drowning has evolved from total misinformation to
a sound physiological basis today. Based on dog
studies by Swann in the late 1940s, distinction was
made between what occurs in fresh- and saltwater
drownings (Figure 3).?2 Therapy was consequently
directed at maintaining electrolyte balance be-
cause of hemodilution with freshwater drownings
and hypernatremia with saltwater drownings.

Swann’s study involved immersing anesthetized
canines in fresh water and salt water. Dogs, ap-

parently as a natural response to immersion,

aspirate large quantity of waters (in contrast to
humans); enough to cause severe disturbances in
electrolytes and red blood cells (RBCs). In fresh
water hemodilution, hyponatremia, and RBC he-
molysis were observed in the canine model. In salt
water the opposite occurred with hemoconcentra-
tion, hyponatremia, and crenation of the RBCs.

Comment: Observations in human near-drowning

and drowning events indicate in almost all oc-
currences that insufficient water is aspirated to
alter electrolytes or RBCs. More than 1.5 quarts
of water need to be aspirated before significant
changes in intravascular fluids and electrolytes
occur. However, in almost all near-drowning and
drowning events in humans, water is aspirated
and differentiates the drowning as a “wet” type,
as will be discussed shortly.

Modell in the late 1970s found that fluid and elec-
trolyte imbalances were not the reason morbidity
was associated with near-drownings.?® Rather, it
was due to hypoxia. With the newly acquired avail-
ability of arterial blood gas measurements, Mod-
ell showed that blood oxygen tensions fell precipi-
tously with asphyxia in water, approaching nearly
zero within 10 minutes (Figure 4). He advocated
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Table 2: Modell's Method for Pulmonary Management of
Drownings

Category I i Il I
1
PaO, >50 ! <50 <50
1
Rate <35 : >35 >35
)
Insp Force WNL >25 <25
i cmH,0 cm H,0
1
Vital Cap WNL |  >500cc <500 cc
)
Management Monitor | CPAP Intubate
IPPB | PEEP
Chest PT Swan Ganz

Key: CAP=capacity, cc=cubic centimeters, cmH,0=centimeters
of water, CPAP=continuous positive airway pressure,
Insp=inspiratory, IPPB=intermediate positive pressure
breathing, PaO,=partial pressure of arterial oxygen (mmHg),
PEEP=positive end-expiratory pressure, PT=physical
therapy, WNL=within normal limits

using advanced pulmonary life support measures
to achieve adequate blood oxygenation to protect
the brain, and his approach utilized three catego-
ries of severity using blood gasses and respiratory
parameters (Table 2). For the more severe presen-
tations continuous positive airway pressure (CPAP)
was used, and in the most severe situations posi-
tive end-expiratory pressure (PEEP) was initiated.
Modell observed that if the near-drowning victim
arrived in the emergency department alert, 100
percent recovery was observed. If the sensorium
was blunted, 90 percent recovery occurred. How-
ever, if the victim was comatose at the time of ar-
rival full recovery with his techniques only occurred
in 50 percent of the near-drowning victims.

Subsequently, Conn amended Modell's recom-
mendation to stress cerebral resuscitation in co-
matose patients after near-drowning.?* He advo-
cated “HYPER” therapy, which was an acronym
for interventions to modify hydration, ventilation,
body temperature, excitability, and rigidity (Table
3). With use of his “HYPER” therapy in 18 patients
who arrived comatose, he observed that 61 per-
cent had full recovery and only 5.5 percent had
residual brain damage. He contrasted this in 21
patients using Modell’s approach where 28 per-
cent had full recovery and 38 percent had residu-
al brain damage.

Current management for near-drownings is based
on improved understanding of the pathophysiology
of water immersion and optimization of manage-
ment. In 85-90 percent of human drownings, water
is aspirated and consequently the event could be
considered a “wet” near-drowning, drowning event.
This is confirmed at autopsy by the findings of dia-
toms from the aspirated water in the alveoli. The
other small percentages of drownings are “dry”
types where water does not enter the alveoli sec-
ondary to laryngospasm.

Drowning victims are too busy struggling (unless
blackout has occurred) and too “air hungry” to yell
for help. Once water enters the alveoli, four patho-
physiological events occur (Figure 5). These include
1) decreased lung compliance, 2) ventilation-perfu-
sion mismatching, 3) intrapulmonary shunting, and
4) surfactant washout. The common final denomina-
tors are hypoxemia and acidosis that lead to second-
ary problems of encephalopathy, acute respiratory
distress syndrome, cardiac problems (ischemia, in-
farction, and/or arrhythmias), and renal shutdown.

All therapy is directed at maintaining adequate
arterial blood saturations (above 90 percent) and
acid-base balance including CPAP, PEEP, vasopres-
sors, fluids, diuretics, acid buffers, intubation with
barbiturates for sedation, etc. If aspiration of con-
taminated water is suspected, antibiotics are giv-
en. Finally, the use of steroids for reducing cerebral
edema is controversial and apparently neither Mod-

Table 3: The Five Components of Conn’s “HYPER" Therapy

Note: With Conn’s “HYPER” therapy, 61% of his 18 patients who
arrived comatose demonstrated full recovery and only
5.5% had residual brain damage. He contrasted this with
experiences where 28% of patients had full recovery and
38% had residual brain damage.
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ell nor Conn used them in their resuscitation proto-
cols. An excellent algorithm for the evaluation and
management of drowning victims has been gener-
ated by Szpilman et al.” They grade the victim from
“Dead” to “Rescue” with six intermediate grades (1
to 6) based on the duration of immersion and the
physical examination findings at the time of presen-
tation to the emergency department. Management
is specified for each grade with accompanying sur-
vival rates. Hyperbaric oxygen would seem a logical
adjunct for mitigating the brain pathophysiology of
hypoxia and cerebral edema (see text box below).
Unfortunately, we are not aware of any reports of
using HBO for such.

Hypothermia and hyperbaric oxygen (HBO) are
two other therapeutic interventions that may
have roles in improving outcomes for brain insult
consequences of near-drowning, as well as other
brain injuries. While Conn mentions hypothermia
to slow brain metabolism it tends not to be used

in near-drownings, though there is increasing
awareness of its use for acute traumatic brain in-
juries.

The use of HBO is even more controversial. Since
the acute brain insult in near-drowning is a com-
bination of hypoxia and edema, possibly coupled

with a reperfusion injury element, the acute use
of HBO has justification (Figure 6).252¢ Laboratory
studies show significant improvements in out-

comes when HBO is used in their models and the
treatment has been coupled with hypothermia for
a possible additive benefit.2"-?°

The Diving Reflex

Near-drownings, and the seemingly miraculous re-
coveries that have been observed after rescues,
require a discussion of the diving reflex. The diving
reflex is a series of innate responses that are as-
sociated with immersion in water (Figure 7). The
reflex is highly developed in diving mammals and
other aquatic animals, allowing them to remain sub-
merged from six minutes (porpoises) to two hours
(blue whales).*° This series of physiological respons-
es conserve oxygen and direct blood flow exclusively
to the two most vital organs needed to safely con-
tinue the breath-hold dive; namely, the heart and
the brain. The diving reflex has three components:
1) bradycardia, 2) vasoconstriction with shunting
of blood to all body systems (except the heart and
brain), and 3) anaerobic metabolism. Absence of
panic, minimizing moments of the extremities, im-
mersion in cold water, and young age (especially the
fetus) facilitate the effectiveness of the diving reflex.
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The diving reflex is initiated by water coming in
contact with the nasal branch of the trigeminal
nerve, and the effect can be very profound. For
example, heart rates in the seal slow by 90 per-
cent to 10 beats per minute during the diving re-
flex.3%31 Selective vasoconstriction is intense with
almost total cessation of blood flow to all areas
of the body except the heart and brain. This al-
lows the oxygen content of the blood to meet the
oxygen needs of the brain and thereby maintain
consciousness during the dive. Anaerobic metab-
olism allows muscles for propulsion and feeding
purposes to function in the absence of the usual
oxygen requirements for aerobic metabolism. The
“cost” of this is an oxygen deficit in the tissues
that is met after surfacing by breathing air, which
resolves bradycardia and vasoconstriction.

As previously mentioned, elements of the diving
reflex exist in humans. Heart rates have been
observed to decrease 40 percent in experienced
breath-hold divers with immersion.° Other com-
ponents of the diving reflex, such as vasocon-
striction and anaerobic metabolism, also occur in
humans. Vasoconstriction offers some protection
from hypothermia by decreasing perfusion to the
extremities. This helps maintain core tempera-
ture while reducing heat loss from extremities
through the radiator effect of the relatively large

surface area to mass of the limbs. Conditioning
directly leads to improved tolerance of elevated
levels of carbon dioxide and decreased levels of

oxygen as well as the consequences of anaerobic
metabolism.

First-response Interventions for
Near-drowning Victims

The first step in any near-drowning event is retriev-
al of the victim from the water. If on the surface,
the Red Cross water safety adage of “throw, tow,
row and only then go” is sound advice. Certainly,
the rescuer should not be put in jeopardy. What is
worse than a drowning is a double drowning with
the rescuer as the second victim. The next steps in
the first response interventions are 1) getting the
victim to a stable platform like a boat if in open
water or the shore if nearby and 2) activating the
Emergency Response System (best initiated by di-
aling 911 if in the USA). After this, basic life support
(BLS) measures, which continue to evolve, should
be initiated (Table 4). While performing BLS, the
hypothermic victim should not be rewarmed. The
reason for this is the hypothermic victim may be in
asystole, and during the rewarming the initial car-
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diac response is likely to be ventricular fibrillation,
which is rapidly fatal if not immediately corrected.
Once advanced support with an automated exter-
nal defibrillator is available and intravenous (IV)
access established, rewarming while continuing re-
suscitation should be done. Rewarming techniques
include removal of wet garments to prevent evapo-
rative heat loss, shielding from wind, covering with
warm blankets or clothing, application of warm wa-
ter bottles to axillary and groin areas, instillation of
warm |V fluids, and inhalation of warm, humidified
air. Usually multiple techniques are used for addi-
tive warming effects. Heimlich “hugs” (abdominal
thrusts) are not recommended for drowning victims
as the maneuver is not effective in expelling water
from the lungs and may precipitate vomiting that
can lead to lung aspiration.

We do not advocate in-water resuscitation al-
though a published report indicates otherwise.®?
In-water resuscitation—alternating mouth-to-
mouth breaths with repeated chest level “bear

hugs”’—is not only difficult to do in the water, but
is ineffective. Consequently, we advocate getting
the victim to a stable platform as soon as possible
where effective cardiopulmonary resuscitation

can be done. Cold water immersion (i.e., in water
substantially below body temperature) may slow
metabolism as well as augment the diving reflex
to improve the chances of survival.

Because of differential cooling of the core, which
tends to remain warmer than the extremities
whose temperatures approach that of the sur-
rounding water, tourniquet use might be consid-
ered during the rewarming process. This is to pre-
vent the rush of cold blood from the extremities
from entering the core as a consequence of the
obliteration of the diving reflex, which occurs with
rewarming. Remember with vasoconstriction as a
component of the diving reflex, warm core blood
flow to the extremities is reduced, which lessens
heat loss through the extremities due to their
large surface area to mass ratio as compared to
the core.

With core temperature monitoring and use of
extremity tourniquets, as the victim of near-
drowning plus hypothermia warms, the extremity
tourniquets are reduced in a serial fashion. This
is believed to prevent the temperature afterdrop
observed with the rewarming of the hypothermic
victim.
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Table 4: Highlights in the History of Cardiopulmonary Resuscitation

1. In the beginning...He (God) breathed the breath of life into Adam’s nostrils and the man became a living
creature. (Genesis 2:7)
2. There are anecdotal commentaries throughout the ages for recovery of drowning victims
*  Mothers breathing life into their drowned children’s nostrils
e  Restoring life to drowned victims by teeter-tottering them
e Drowned victims coming back to life when transported on a wagon over a bumpy road
3. 1740 Paris Academy of Science: Mouth-to-mouth resuscitation recommended for drowning victims
4. 1767 Amsterdam Society for Recovery of Drowned Victims
e Advocated resuscitation by means of mouth-to-mouth breathing or use of bellows
e Utilized “fumigation” to stimulate the victim with orally or rectally insufflated tobacco smoke
5. 1903 George Crille, a surgeon, introduced the technique of external cardiac compression
6. 1950-1973 Various techniques for artificial resuscitation
e  Back pressure technique (victim prone, resuscitator straddles the victim’s thighs and rhythmically ap-
plies pressure to the lower rib cage
e Holger-Nielsen back pressure plus arm lift with resuscitator straddling the victim’s head
7. 1954 James Elam reported that expired air was adequate to maintain adequate oxygenation
8. 1964-1963 cardiopulmonary resuscitation was developed under the auspices of the American Heart As-
sociation headed by Leonard Scheris
9. 1973 to present National Conferences on CPR and ECC approximately every four years with refinement of
techniques and simplification of applications. Items such as rhythms, exchanges of rescuers, ABCs (airway,
breathing, cardiac compressions), activation of the ERS (Emergency Response System), advanced life support
and pediatric advanced life support qualifications, and use of the AED (Automated Electrical Defibrillator).
Heimlich maneuver for expelling foreign objects reported in 1974
10. 2010 American Heart Association Guidelines with CAB (chest compressions, airway, and breathing) manage-
ment, nearly uniform rates, simplified exchanges of rescuers, improved AEDs, and higher quality training

manikins.

The unconscious SCUBA diver imposes additional
challenges. If the diver is unconscious on the sur-
face, measures as just described are appropri-
ate. Inflating the buoyancy compensator (BC) and
ditching gear in the water will lessen the exertion
required by the rescuer to bring the victim to shore
or the diving platform. More controversial is the
management of the SCUBA diver who is found un-
conscious on the bottom. Three different “schools
of thought” exist for handling this challenge:

First Option: Replace the regulator in the victim’s
mouth, gain control of the head with the head carry
(as has been taught in Red Cross lifesaving and wa-
ter safety courses), cradle the head on the rescu-
er's chest while extending the victim’s neck, then
perform a slow swimming ascent aided, possibly,
by improving buoyancy through judicious inflation
of the rescuer’s BC. Once on the surface, the mea-
sures described for the near-drowning victim found
on the surface are employed.

Second Option: Swim the victim to the surface with
or without ditching the SCUBA tanks and regulator
by grasping the victim’s BC straps with or without

improving buoyancy with the rescuer’s BC. A varia-
tion of this is placing the rescuer’s second stage
octopus regulator into the victim’s mouth before
ascending.

Third Option: Swim the victim to the surface with
or without ditching the victim’s gear by grasping
the victim’s fins and letting the head dangle in the
downward position during the ascent. Again, infla-
tion of the rescuer’'s BC can be used to improve
buoyancy.

We advocate the head control option for several
reasons. With head control and neck extension of
the unconscious victim, there is less chance of an
arterial gas embolism occurring during ascent from
retained air in the lungs whose egress is blocked by
the flexed neck. Should the unconscious victim still
execute agonal respiratory efforts, the regulator in
the mouth may prevent aspiration of water. Finally,
should spontaneous breathing resume during the
ascent process, the regulator will provide an air
supply and allow resumption of oxygen delivery to
the brain and other tissues.
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Unconscious SCUBA divers using closed circuit re-
breathers (CCR) present additional challenges.?
Should water enter the breathing circuit, its reaction
with the soda lime in the carbon dioxide scrubber
will cause the breathing mixture to become caustic,
which could cause severe respiratory system injury
if breathing is resumed. Because of the special tech-
niques utilized for CCR SCUBA, additional hazards
must be considered.? These include seizure from ox-
ygen toxicity and loss of consciousness from hypox-
ia. If the patient is seizing, is it recommended that
ascent not be initiated until the seizure has ended.>
With blackout from hypoxia breathing efforts may
continue, so it is important that an air supply be
maintained for the victim during ascent. The supply
would preferably be from the open circuit pony bottle
that CCR divers are recommended to carry. Finally,
because of the ability for long, deep dives with CCR,
it is likely that a decompression obligation or mani-
fested decompression sickness will occur once the
victim is brought to the surface. This possibility must
be considered in the definitive management of the
victim, as will be discussed in the next section.

Definitive Management of
Near-drownings

After the unconscious diver is at a medical center
advanced life-support measures are initiated, or if
already started, continued with intubation, artificial
ventilation, and intravenous fluids. If no spontane-
ous heartbeat or breathing is present on arrival at
the emergency department, the prognosis for re-
covery is bleak. A decision to pronounce the vic-
tim dead may be made by a physician at that time.
However, if the period of immersion was relatively
short, that is to say 60 minutes or less, and the
victim is markedly hypothermic, rewarming while
continuing advanced life support should be con-
sidered.” When normothermic, a decision to con-
tinue life support measures should then be made.
Medications as indicated are administered, e.g.,
anti-arrhythmic medications for irregular heart-
beat, steroids if aspiration is apparent on chest
x-ray, antibiotics if lung infection is a concern (the
victim was in polluted water), and sedatives/para-
lyzing agents if the victim is resisting the ventilator.
Blood tests and x-rays will help in decision making
for management at this stage.

Once advanced life-support measures are estab-
lished, it is necessary to decide whether hyperbaric
oxygen (HBO) recompression is needed. If decom-
pression was omitted or arterial gas embolism is
likely, HBO recompression should be started as
soon as possible. Another consideration (which is
controversial) is whether to use HBO for brain re-
suscitation for the anoxic brain insult. If HBO is to
be used as an adjunct for acute ischemic brain in-
jury, the decision must be made jointly by the fam-
ily, the attending physician, and hyperbaric medi-
cine specialist.

A retrospective study that reviewed hospital ad-
missions for drownings reported that 100 percent
recovery was observed if the victim arrived in the
emergency department with an intact heartbeat.
However, if in-hospital cardiopulmonary resusci-
tation (CPR) was required, 47 percent of the pa-
tients died, 33 percent had residual neurological
deficits, and 20 percent had full recovery.3*

Comment: The target group for the acute use of
hyperbaric oxygen treatments is, of course, the
33 percent group that has residual neurological
deficits. Two problems arise with deciding which
group requiring in-hospital CPR should receive
HBO treatments. First, the group that has residual
neurological deficits might not be readily identi-
fiable for hours or days after the restoration of
heart function as a result of anoxic insult-related
or medically induced coma. Second, if the acute
use of HBO is to be effective for brain injury, it
needs to be started during the “golden period,”
which is thought to be in the two to six hour range
after the time of the anoxic insult.

As soon as the near-drowning victim has stabi-
lized, decisions for subsequent management are
required. If the person is recovering well, rehabili-
tation is started for residuals of the neurological
injury. If the victim remains in a persistent vegeta-
tive state, typical interventions in preparation for
transfer to a long-term care facility include trache-
otomy, percutaneous endoscopic gastrostomy tube
placement, management of contractures, and pre-
vention of pressure ulcers. The prognosis for recov-
ery depends almost entirely on the severity of the
anoxic brain injury, and the electroencephalogram
may be helpful for determining long-term progno-
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sis. Usually critical care management can resolve
the lung injury regardless of the severity of the
brain injury. The off-label use of HBO for victims
of near-drowning who have serious residuals, but
have plateaued with their rehabilitation, remains
controversial.

The use of HBO in near-drownings (as well as with
cerebral palsy and traumatic brain injuries) with
significant residual brain morbidity has been an-
ecdotally reported. HBO is used to try to mitigate
the residual brain injury after recovery from the
acute effects of the anoxic brain insult and after
victims plateau with respect to rehabilitation ef-
forts. Although some of the experiences with HBO
are positive, the minimal functional changes we
have observed have not materially affected the
victim’s quality of life.

The justification for using HBO in these situations

is that there are “idling” neurons in a penumbra
zone of injury that regain function with HBO treat-
ments coupled with angiogenesis into the sites
resulting in sustained oxygenation of the neurons
previously impaired by hypoxia.3®

Other controversies of using HBO include the
number of treatments that are ideal, which range
from 14 (angiogenesis effect) to 100 or more;
depths of treatments that range from 1.5 atmo-
spheres absolute (16 FSW) to 2.5 ATA (45 FSW),
and whether repetitive series of treatments have
benefits.

Favorable Prognostic Signs in Victims
of Near-drowning

A number of favorable prognostic signs have been
associated with near-drownings. First, the shorter
the period of immersion, the better the victim’s
prognosis. Szpilman et al. reported that the risk of
severe neurological impairment after hospital dis-
charge was 10 percent if the period of immersion
were zero to five minutes, 56 percent if six to ten
minutes, 88 percent if eleven to twenty-five min-
utes and nearly 100 percent if greater than twenty-
five minutes.” Other favorable prognostic indica-
tors include immersion in water temperatures less
than 50°F, a core temperature of less than 95° F,
young age, and time to effective BLS less than 10
minutes.® Victims of near-drownings who arrive in

the emergency department with a spontaneous
heartbeat have better than a 50 percent chance of
survival, whereas those without spontaneous car-
diac activity have less than a 12 percent chance
of survival.” Factors that complement the diving
reflex, such as absence of panic, young age, hypo-
thermia, and avoidance of extremity movements,
also favor survival. If the victim is alert at the time
of the arrival to the emergency department, the
chance of survival without neurological residuals
approaches 100 percent.?® Other factors that fa-
vor a good prognosis at the time of arrival at the
emergency department include the female gender,
absence of aspiration, time to basic life support of
less than 10 minutes, blood pH greater than 7.1,
blood glucose greater 112 mg percent, Glasgow
Coma Score greater than 6, and the presence of
the pupillary response.®

Myths and Unresolved Questions
about Near-drownings and
Drownings

1. Precise definitions that are established by ex-
perts should always be used for a victim who has
experienced a loss of consciousness in the water.

Comment: We advocate simplicity; “drowning” if
the victim is dead and “near-drowning” if alive after
recovery and resuscitation efforts. However, the se-
verity of residual neurological injury in near-drown-
ing ranges on a continuum from none to persistent
vegetative state (Figure 1).

2. Drowning is a sufficient diagnosis for anyone
who has lost consciousness in the water.

Comment: As mentioned before, “never say
drowned.” It sounds like a paradox to acknowledge
this adage, but then use the term drowning. The
message is that the underlying cause of the loss of
consciousness in water needs to be ascertained,
be it from decompression illness, breath-hold
blackout, cardiac arrest, seizure, trauma, etc. The
cause dictates the optimal management for the
near-drowning treatment.

3. Usually near-drownings and drownings occur
in the absence of risk factors.
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Comment: An analysis of the circumstances sur-
rounding the drowning will usually identify underly-
ing risk factors that lead to the loss of consciousness
such as a heart attack from coronary artery disease,
excessive hyperventilation leading to blackout, viola-
tion of decompression practices, etc. (Table 1).

4. All victims of near-drowning, even if asymp-
tomatic, need to be observed for 24 hours before
discharge from the medical center where initially
evaluated.

Comment: Although delayed onset of pulmonary
edema may occur within the first 24-48 hours after
the near-drowning event, if the patient is asymp-
tomatic with normal ventilatory functions observa-
tion in the hospital setting is not necessary. How-
ever, at discharge the patient and/or family should
be aware of delayed onset of pulmonary edema as-
sociated with near-drowning and instructed to re-
turn the patient to the medical facility immediately
if shortness of breath, cough, or other respiratory
symptoms occur.

5. The primary concern in near-drownings is the
management of the respiratory insult.

Comment: Although adequate ventilation is es-
sential for recovering the victim, management of
the possible anoxic brain insult must not be over-
looked. Whereas respiratory function will inevitably
recover, the neurological injury is more likely to be
irreversible.

6. If the period of loss of consciousness while im-
mersed is greater than four minutes, resuscita-
tion efforts should not be initiated.

Comment: Although death of brain neurons occurs
after four minutes of anoxia, with intact heart func-
tion oxygen physically dissolved in the blood is still
being delivered to the brain. This is complemented
by the diving reflex, which is initiated by immersion.
This prolongs survival and promotes full recovery
after immersion exceeding four minutes. In addi-
tion, hypothermia can slow metabolism and reduce
brain oxygen demands.

7. In the USA children’s near-drownings are usu-
ally in open waters such as lakes and oceans.

Comment: In the USA, the most common cause of
near-drownings and drownings in children occurs
when they fall, unwitnessed, into a backyard swim-
ming pool, which is an event typically associated
with families affluent enough to have swimming
pools. “Water safe” in a child does not guarantee
that with clothes, shoes, and possibly restrictive
garments on, he/she can swim to safety. Pedia-
tricians have said that the only safe thing to fill a
backyard pool with is sand! In third world countries,
drownings are usually from play activities in (usu-
ally polluted) rivers.

8. In most near-drownings and drownings no
water enters the lungs due to the laryngospasm
reflex.

Comment: Although the laryngospasm reflex is very
profound, and one of the last to be lost with im-
pending death, in 85-90 percent of near-drownings
and drownings water is aspirated. This qualifies the
drowning as a “wet” type. Even small amounts of
aspirated water can alter pulmonary functions and
require critical care management.

9. Autopsies of drowning victims always have
pathognomonic findings.

Comment: Often autopsies of drowning victims
demonstrate no specific findings for the cause of
death. Aspiration of sea water may show diatoms
in the lung tissues. Heart disease can be confirmed
by atherosclerosis of coronary arteries, but deaths
from arrhythmias are usually undiagnosable. Tho-
racic squeeze injury can show edema and blood in
the alveoli.

10. Near-drownings and drownings associated
with SCUBA diving need not be managed any dif-
ferently than the problems from other causes.

Comment: Special training and techniques are
needed to manage SCUBA divers found uncon-
scious on the bottom. Once at a medical center,
a decision needs to be made as to whether hyper-
baric oxygen recompression is needed for omitted
decompression and/or arterial gas embolism in
addition to the usual advanced life support mea-
sures.
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Conclusions

The management of near-drowning has made note-
worthy advancement in both basic life support as
well as advanced life support. Unfortunately, the hu-
man only has limited reflexes/responses to the hy-
poxic insult associated with immersion in contrast
to almost all of the other stresses associated with
diving. The diving reflex and induced hypothermia by
the surrounding water environment are the limited
responses the body has to deal with the anoxic im-
mersion stress. Although lung function is usually re-
coverable with advanced life support interventions,
neurological injury is often not recoverable. Conse-
quently, attention to rescue and management must
always be directed to preventing anoxic brain injury.
Usually, underlying causes lead to unconsciousness
in the water, hence, “never say drowned” as the
cause. Rather, seek the underlying cause and re-
member that seemingly miraculous recoveries have
occurred after recovering a victim from a presumed
drowning. This directs treatment interventions from
heart attack management to recompression treat-
ments and from observation only for delayed effects
of the immersion to physical therapy. Finally, the best
measure for near-drownings and drownings is pre-
vention through water safety and diving knowledge.
In no water activities is this truer than in SCUBA and
breath-hold diving.

References

1. Strauss MB, Miller SS. Stresses in SCUBA and breath-
hold diving. Part I: Introduction and physical stresses.
Wound Care & Hyperbaric Medicine. 2014; 5(1):16-
28 Available from: http://www.bestpub.com/periodi-
cals-and-subscriptions/wchm.html

2. Strauss MB, Miller SS. Stresses in SCUBA and
breath-hold diving. Part II: Physiological stresses.
Wound Care & Hyperbaric Medicine. 2014; 5(2): 16-
28. Available from: http://www.bestpub.com/period-
icals-and-subscriptions/wchm.html

3. Strauss MB, Covington D, Miller SS. Stresses in
SCUBA and breath-hold diving. Part Ill: Psychological
stresses. Wound Care & Hyperbaric Medicine. 2014;
5(3): 16-28. Available from: http://www.bestpub.
com/periodicals-and-subscriptions/wchm.html

4. Strauss MB, P-NJ Le, Miller SS. Stresses in SCUBA
and breath-hold diving. Part IV: The No Panic Syn-
dromes. Wound Care & Hyperbaric Medicine. 2014;
5(4):10-27. Available from: http://www.bestpub.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

com/periodicals-and-subscriptions/wchm.html

Papa L, Hoelle R, Idris A. Systematic review of defi-
nitions for drowning incidents. Resuscitation. 2005;
65(3):255-64.

Golden FSC, Tipton MF, Scott RC. Immersion, near-
drowning and drowning. Br J Anesthesth. 1997;
79:214-25.

Szpilman D, Joost JLM, Bierens MD, et al. Drown-
ing (Current Concepts Review Article). N Eng J Med.
2012; 366:2102-10.

van Beeck EF, Branche CM, Szpilman D, et al. A new
definition of drowning: towards documentation and
prevention of a global public health problem. Bull
World Health Org. 2005;83(11):853-6.

Orr D. A Review of SCUBA diving fatalities. Paper pre-
sented at: Undersea and Hyperbaric Medical Society
Meeting, Gulf Coast Chapter. September, 2014.

Orlowski JP. Drowning, near-drowning and ice-water
drowning. J Am Med Assoc. 1988;260:390-1.

Nemiroff MJ, Salz GR, Weg JG. Survival after cold-wa-
ter near-drowning: the protective effect of the diving
reflex. Am Rev Respir Dis. 1977;115:145.

Benson RC, Shubeck F, Deutschberger J, et al. Fe-
tal heart rate as a predictor of fetal distress: A re-
port from the collaborative project. Obs Gyn. 1968,
32:259-66.

Rekers G. Susan Smith: Victim or murderer. Centen-
nial: Glenbridge Publishing Ltd; 1995. P. 12, 16.

Wikipedia, the Free Encyclopedia. Waterboarding [In-
ternet]. 2015. Available from: en.wikipedia.org/wiki/
waterboarding

Driscoll TR, Harrison JA, Steenkamp M, Review of the
role of alcohol associated with recreation aquatic ac-
tivity. Inj Prev. 2004, 10:107-13.

Strauss MB, Busch JA, Miller SS. SCUBA in older
aged divers. Wound Care and Hyperbaric Medicine.
2013; 4(3):27-37.

Fock AW. Analysis of recreational closed-circuit re-
breather deaths 1998-2010. Diving and Hyperbaric
Med. 2013; 43(2):78-85.

Keatinge WR. Accidental immersion hypothermia
and drowning. Practitioner. 1977,219:183-7.

Pearn JH. Secondary drowning in children. British
Medical Journal. 1980; 281:1103-5.

Slade JB Jr, Hattori T, Ray CS, Bove AA, Cianci P. Pul-
monary edema associated with scuba diving. Case
reports and review. Chest, 2001; 120:1686-94.

32 ~WCHM

©2015 Best Publishing Company - www.bestpub.com


www.bestpub.com
http://www.bestpub.com/periodicals-and-subscriptions/wchm.html
http://www.bestpub.com/periodicals-and-subscriptions/wchm.html
http://www.bestpub.com/periodicals-and-subscriptions/wchm.html
http://www.bestpub.com/periodicals-and-subscriptions/wchm.html

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Volume 6 Issue 1 + Spring 2015

Strauss MB, Wright PW. Thoracic squeeze diving ca-
sualty. Aerosp Med. 1971; 42:673-5.

Swann HG, Brucer M, Moore C, Vesien BL. Fresh wa-
ter and sea water drowning: A study of the terminal
cardiac and biochemical events. Texas Rep Biol &
Med. 1947;6:423-38.

Modell JH. Pathophysiology and Treatment of Drown-
ing. Springfield: Charles C. Thomas; 1971.

Conn AW, Montes JE, Barker GA, Edmonds JE. Cere-
bral salvage in near-drowning following classification
by triage. Can Anesth Soc J. 1980; 27:201-10.

Strauss MB, Hart GB, Miller SS, et al. Mechanisms
of hyperbaric oxygen. Part 1 primary: hyperoxygen-
ation and pressurization. Wound Care and Hyperbar-
ic Medicine. 2012;3(3):27-42

Strauss MB, Hart GB, Miller SS, et al. Mechanisms
of hyperbaric oxygen. Part 2 secondary: tissue
consequences of hyperoxygenation and pressuriza-
tion. Wound Care and Hyperbaric Medicine. 2013;
3(4):45-63.

Burt JT, Kapp JP, Smith RR. Hyperbaric oxygen and
cerebral infarction in gerbils. Surg Neurol. 1987;
24:265-8.

Sunami K, Takeda Y, Hashimoto M, Hirakawa M. Hy-
perbaric oxygen reduces infarct volume in rats by
increasing oxygen supply to the ischemic periphery.
Crit Care Med. 2000; 28:2831-6.

Wada K, Nishi D, Kitamura T, et al. Hyperbaric oxygen
therapy enhances the protective effect of moderate
hypothermia against forebrain ischemia. Undersea
Hyperbaric Med. 2006;33-399-405.

Strauss MB. Physiological aspects of mammalian
breath-hold diving: A review. Aerospace Med. 1970;
41:1362-1481.

Andersen HT. Physiological adaptation in diving ver-
tebrates. Physiol Rev. 1966; 46:212-43.

March NF, Matthews RC. New Techniques in external
cardiac compression: aquatic cardiopulmonary re-
suscitation. J Am Med Assoc. 1980; 244:1229-32.

Mitchell SJ, Bennett MH, Bird N, et al. Recommen-
dations for rescue of a submerged unresponsive
compressed-gas diver. Undersea Hyperbaric Med.
39:1099-1108.

Oakes DD, Sherck JP, Maloney JR, Charters AC. Prog-
nosis and management of victims of near-drowning,. J
Trauma. 1982; 22:544-49,

Neubauer RA, Gottlieb SF, Kagan RL. Enhancing
“idling” neurons. Lancet. 1990;335:542.

Dr. Michael B. Strauss has been “brain-
washed” about near-drowning and drowning
since taking his first Red Cross Junior Life
Saving Course in 1948 from his father, a
self-learned “professor” of swimming-related
activities. From his mother, a high school
graduate genius, he was cautioned about
risk taking in water activities such as never to
swim hard after eating a big meal (a subject
for another paper). In medical school Dr.
Strauss remembers being tested on the differences (now anathema)
between fresh and salt water drownings. Later, in his associations with
Dr. Ronald Samson, who worked with Dr. Jerome Model, he learned of
the hypoxemic/loss of consciousness insults of water immersion. Then
from Dr. George Hart, his “mentor of all mentors,” he learned about the
mechanisms of hyperbaric oxygen and how they can mitigate hypoxic
insults. Finally, Dr. Thomas Asciuto, a hyperbaric medicine colleague
and critical care specialist, “fine-tuned” him on the contemporary
understanding of the pathophysiology and management of near-
drownings. Consequently, these mentors and colleagues deserve
special recognition for the genesis of this article.

Phi-Nga Jeannie Le, MD is fellowship
trained and board certified in Undersea
and Hyperbaric Medicine. This is her first of
many planned collaborations with the prolific
Dr. Strauss. For Dr. Le, any collaboration
with the experts and teachers at the Long
Beach Memorial Medical Center Hyperbaric
Medicine Program is a continuation of lifelong
education in the specialty of undersea
and hyperbaric medicine that began at the
University of Pennsylvania. Though total physical undersea submersion
herself is not her passion—nor will her middle and labyrinth of the ear
permit such activity—the clinical science and advancement of the field
is. Dr. Le enjoys being the one on the surface taking care of the intrepid
land mammals who get themselves into trouble playing sea creatures.

Stuart S. Miller, MD is the associate
medical director and director of education
of the Hyperbaric Medicine Department at
Long Beach Memorial Medical Center. He
is board certified in Emergency Medicine
and fellowship trained/board certified in
Undersea & Hyperbaric Medicine. He has

co-authored over 40 articles, posters, and

book chapters on hyperbaric medicine,

wound care, and diving medicine. He has
given numerous lectures and is the course director for undersea
and diving medicine CME conferences. He has been an avid SCUBA
diver for over 25 years.

Join the community! Follow Best Publishing Company
on Facebook and LinkedIn!

§ ] Linked[[})

www.bestpub.com « ©2015 Best Publishing Company

WCHM ~ 33


http://www.bestpub.com/periodicals-and-subscriptions/wchm.html
https://www.facebook.com/pages/Best-Publishing-Company/160390147308623
https://www.linkedin.com/company/best-publishing-company

Hyperbaric Oxygen Therapy Indlcatlons
Thlrteenth Eﬂitl_on

: NG

Pean oA A

. E ne =, :-{ -

k""m..__ﬂ..«"r " W x U

UNDERSEA AND HYPERBARIC MEDICAL SOCIETY ety

Hyperbaric Oxygen Therapy

NDICATIONS Q

—

UNDEESEA AND MYPEERAIC MEDICAL SOCIETY

Linded K. Weaver M.D. % I‘N’chgﬁéﬁlé

Cheair and Ediifor = .. 13™ EDITION

Every hyperbaric practicing physician should have this on his or her bookshelf.and‘.r: el
hyperbaric unit should have a copy at the chamber. I conszder this publzcatw'il thé"?f_ k' ,

“ I} Best Publishing Compd'n)% :
Order Today!_ |

WAYS TO ORDER: Online: Www.BestPub.éom
Phone: +1.561.776.6066 ¢ Email: info@bestpub.com


http://www.bestpub.com/books/booksets/product/360-package-set-hyperbaric-oxygen-therapy-indications-thirteenth-edition.html
http://www.bestpub.com/books/booksets/product/360-package-set-hyperbaric-oxygen-therapy-indications-thirteenth-edition.html
mailto:info@bestpub.om

Wound Care
Hyperbaric Medicine

Volume 6 Issue 1 + Spring 2015

Sinus and Ear Disorders that Take Place during
Hyperbaric Oxygen Therapy

Emanuele Nasole, MD; Antonio Paoli, MD, BSc; Gerardo Bosco, MD, PhD;
and Enrico Camporesi, MD

Sinus and internal and external ear disorders
are the most common side effects of hyper-
baric oxygen therapy (HBOZ).1 These spaces are
the cranium’s pneumatic sockets and, particu-
larly those of the middle and inner ear, are most
frequently involved in the pressure stress caused
by compression and decompression maneuvers
during exposure to altered pressures in the hy-
perbaric chamber. Barotrauma is the mechanical
tissue damage produced by environmental pres-
sure variation, and the middle ear is the most
frequently involved structure in this kind of dam-
age. According to Boyle’s law (the product of pres-
sure and volume is a constant for a given mass
of confined gas) it is easy to understand why all
enclosed air cavities are more susceptible to this
kind of lesion. Barotraumas can occur due to an
increase or decrease of gas volume. To avoid gas
volume decrease during the compression phase,
the patient must perform some compensatory ma-
neuvers aimed at inhaling and forcing gas (air or
oxygen) into the nasal and sinus cavities. During
decompression in the chamber or even underwa-
ter, the body’s gas expands and is expelled from
cavities to the outside, usually without any active
maneuver.

It is essential to teach the patient about the func-
tions of the hyperbaric chamber and the correct
maneuvers of baro compensation. In this article,
we will describe the main barotraumas that can
occur during HBO.,,.

External Ear Barotrauma (EEB)
In normal conditions, the caliber of the external

auditory canal is sufficient to allow immediate
pressure compensation. An EEB can only happen
if the external auditory meatus is blocked by an
obstacle, such as impacted earwax, external otitis,
or ear plugs, during chamber compression. In this
case during compression the obstacle prevents
the equilibration between outside and inside
pressure. During the compression phase there is
a reduction of volume both in the plugged exter-
nal ear and in the middle ear spaces. This leads
to edema and petechial hemorrhages of the audi-
tory tube, middle ear, and tympanic membrane.
Rare complications include ear bleeding and tym-
panic perforation. Symptoms include acute pain,
deafness, vertigo, nausea, and ear bleeding. The
treatment therapy consists of antibiotics and topi-
cal steroids.

Middle Ear Barotrauma (MEB)

The most common side effect of HBO, is middle
ear barotrauma.?® MEB is more common during
compression, while during decompression it is
less likely to be reported. MEB during compres-
sion is a more pathological event and is related
to a failed compensatory maneuver to relieve
pressure between the middle ear and Eustachian
tubes. The incidence of reported MEB varies be-
tween different hyperbaric centers from 5 to 66.7
percent.*® This difference is due to the hetero-
geneous population sample (intubated patients
vs. spontaneous breathing patients) or to other
causes.

Other common causes of MEB include the pres-
ence of diseases of the upper respiratory tract
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that generate obstructions of the Eustachian tube
(e.g., infectious rhinitis and allergic and nonal-
lergic rhinitis; ingestion of alcohol, which causes
nasal congestion; large nasal polyps; large septal
deviations; tobacco smoke; use of beta blockers
and parasympathomimetic drugs; etc.) and incor-
rect or delayed compensation techniques.

Depression of the middle ear tympanic mem-
brane during the chamber compression begins
to appear at a pressure of 1.2—1.3 atmospheres
absolute (ATA) with reduction of the volume of en-
dotympanic gas by 20-30 percent of the initial vol-
ume. There is a retraction of the tympanic mem-
brane with pain, hyperemia, and edema of the ME
mucosa that could lead to hemorrhage and cause
the tympanic membrane to rupture. This gener-
ally produces a grade 1 or 2 MEB (according to
the Teed classification) in more than 90 percent
of patients; about 20 percent of patients with ear
pain show tympanic membrane alterations short
of perforation (MEB >grade 1).

MEB is prevented in most patients by teaching
autoinflation techniques or by use of tympanos-
tomy tubes for those who cannot autoinflate their
middle ear compartment. A prospective study in
patients treated with HBO, demonstrated that
many patients develop serous otitis media dur-
ing serial treatments. A history of Eustachian tube
dysfunction predicted serous otitis media.® Pseu-
doephedrine has been demonstrated to be effec-
tive in preventing barotitis media in a double-blind
randomized controlled clinical trial in underwater
divers.” Conversely, topical nasal oxymetazoline
hydrochloride was found to be ineffective in pre-
venting middle ear barotrauma during HBO,.®

Other Complications

Sinus squeeze is the second most common in-
chamber complication* and usually occurs in pa-
tients with upper respiratory tract infections or al-
lergic rhinitis. Usually a program of decongestant
nasal spray, antihistamines, and/or steroid nasal
spray just before compression allows the hyper-
baric therapy to continue.

Serous otitis has been reported in patients re-
ceiving HBO, therapy.® Although once thought to

be due to reduced middle ear pressure by oxygen
resorption, there is evidence to suggest that HBO,
might cause a reversible derangement in a middle
ear chemoreceptor reflex arc that may regulate
middle ear aeration.®

Hyperbaric Experience in Monoplace
Chambers

Specific considerations for patients treated in
monoplace chambers have been recently sum-
marized in an analysis of adverse events using
data from all Diversified Clinical Services centers
operating for the period of 2009-2010.* Diver-
sified Clinical Services (now Healogics) provides
management services to 340 hospital-based out-
patient wound care centers, of which 89 percent
provide outpatient hyperbaric oxygen treatment
to diagnoses limited to those listed in the UHMS
Hyperbaric Oxygen Therapy Indications. Adverse
event data was collected concurrently in a central
proprietary database.!

The primary adverse event categories were ear
pain, confinement anxiety, hypoglycemic events,
shortness of breath, seizures (including both ox-
ygen toxicity and hypoglycemic event seizures),
sinus pain, and chest pain. Reporting data was
reviewed from 463,293 monoplace hyperbaric
oxygen treatments provided in hospital-based
outpatient settings involving 17,267 patients (an
average of 27 treatments per patient). The major-
ity of these patients received hyperbaric oxygen
treatment for diabetic limb salvage or complica-
tions associated with prior radiation therapy.

In 2009 there were 916 adverse events report-
ed for 207,479 treatments in 7,871 patients, an
overall adverse event rate of 0.44 percent. In
2010 there were 954 adverse events reported for
255,814 treatments in 9,396 patients, an over-
all adverse event rate of 0.37 percent. In order
of decreasing rate of occurrence were ear pain
(of any description), confinement anxiety, hypo-
glycemic events, shortness of breath, seizures
(including both oxygen toxicity and hypoglycemia-
related seizures), sinus pain (of any description),
and shortness of breath. There was no significant
difference in the number or ranking of adverse
events between 2009 and 2010. In this series of
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Clinics In Focus

Memorial Hospital Wound Clinic/
Hyperbaric Medicine Department, University of
Colorado Health

Continuing our series of interviews featuring
outstanding hyperbaric and wound care cen-
ters around the world, we spoke with Courtney S.
Hoffbauer, RN, MSN, Clinical Nurse Manager of the
Orthopedic/ Neurosurgery Unit, HBO, and Wound
Care at Memorial Hospital, University of Colorado
Health, which is accredited with distinction by the
UHMS.

How has seeking UHMS accreditation
affected your clinic?

Our accreditation raises the standard of prac-
tice to the next level. UHMS accreditation sets a
standard for continuous improvement in regard
to quality and patient care. Continuing education

The staff at Memorial Hospital Wound Clinic/Hyperbaric Medicine
Department in Colorado Springs, Colorado.

throughout the year is a mandate for all staff in
order to continue accreditation. Quality improve-
ment for patient care is at the forefront of accredi-
tation. Memorial Hospital’s HBO department con-
tinues to not only meet our patients’ expectations,
but exceed them.

What are the most common indications
treated at your clinic?

The top five indications we treat most often are:
diabetic foot wound, radionecrosis, carbon mon-
oxide poising, necrotizing fasciitis, and decom-
pression sickness.

What is the most memorable treatment
success story that has come out of your
clinic?

We treated a patient who demonstrated one of
the best limb salvage cases we have seen. As
the nurse presented to the room for a consult,
a surgeon was at the bedside informing the pa-
tient of the risks of refusing an amputation. The
nurse vividly recalls the patient stating: “I have to
keep trying before | opt to lose my leg.” It was that
moment the nurse told the patient that, “We will
do everything in our power to salvage your leg.”
After a series of 30 daily treatments, this same
nurse happened to encounter this patient several
months later, as the patient walked by on both
legs. The patient was so very grateful for one more
chance.
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Do you work with a management
company?

We work with a consulting team from South Caro-
lina, National Baromedical Services—the best in
the country.

If you had to pick one thing to attribute
your clinic’s success to, what would it
be?

The team that works every day with the patients
in the unit is the leading factor of success for us.
The team members know each other well and
work side by side to ensure patients are receiving
the best care. The team at the HBO unit has been
working together for over five years, which is dem-
onstrated by the cohesive nature of the group.

What is one marketing recommendation
that you can make to help clinics
increase their patient load?

Dr. Rob Price, our medical director, who also is an
active-duty Lieutenant Colonel for the U.S. Army,
plays a vital role in the success of our unit. One of
his many strong attributes is the ability to network
with and educate community physicians. We feel
that community reputation is key to increasing pa-
tient census. We have a relationship with both the
local U.S. Air Force Academy and Fort Carson Army
Base to ensure we are available for their cadets or
soldiers when in need.

Are there are any additional questions
you’d like to answer, or is there any
other information about your clinic you
would like to showcase?

One of the most important facts about our HBO
clinic is we are the only 24/7/365 HBO depart-
ment left in the state of Colorado. Unfortunately,
24/7 HBO facilities are growing scarce; however,

because of our relationship with our armed forc-
es, we feel this is critical in our community.

Our Wound Care Clinic saw a record 9,192 pa-
tients in 2014. The clinic has a variety of physi-

CLINIC DETAILS

Memorial Hospital Wound Clinic/Hyperbaric Medicine
Department

Printers Park Medical Plaza, 175 S. Union Blvd., Suite 305,
Colorado Springs, CO 80910

Memorial Hospital Central, 1400 E. Boulder St., Colorado
Springs, CO 80909

www.uchealth.org/southerncolorado

Wound Clinic: 719-365-6881 / HBO: 719-365-5920
Operating for over 10 years

Date of UHMS Accreditation: October 1, 2012
Number of chambers: 3

Chamber type: Monoplace

On staff: 4 nurses / 1 tech / 2 CHTs / 1 CHRN

Dr. Rob Price, Medical Director

cian specialties available for our community, and
in conjunction with HBO has saved many patients
from losing limbs. The wound clinic uses cutting-
edge technology to ensure we provide our patients
with the very best. We were the first in the state
of Colorado to utilize Cellutome, which is a skin-
grafting outpatient procedure.

Join the community! Follow Best Publishing Company
on Facebook and LinkedIn!
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Are you a part of an outstanding
hyperbaric and wound care
clinic? Share your story with us at
info@bestpub.com for a chance

to be featured in the next issue of
the Wound Care and Hyperbaric
Medicine magazine as a Clinic In
Focus!
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How to Make Your Hyperbaric Medicine Practice
Stand out from the Pack

From the Best Publishing Company DEPTH Blog

ach of us in the field of hyperbaric medicine wants

to create an exceptional practice. Part of creating
a practice that makes you “stand out from the pack”
is finding a continuing education program to keep you
up-to-date on cutting edge medical advances in hyper-
baric medicine and growing your network of industry
colleagues to help take your practice to the next level
of success.

Our colleagues at the Mayo Clinic have organized a
team of experts in hyperbaric medicine for a unique
two-day 16.0 hour CME/MOC accredited event on April
17-18, 2015 in Rochester, Minnesota titled Hyperbaric
Medicine 2015.

CONFERENCE DETAILS

Hyperbaric Medicine 2015

April 17-18, 2015

Mayo Clinic, Rochester, MN

Website: https://ce.mayo.edu/preventive-medicine/node/1825
Phone: 800-323-2688

email: cme@mayo.edu

The Mayo Clinic in Minnesota has been recognized as
the best hospital in the nation for 2014-15 by U.S. News
and World Report. They are a nonprofit worldwide lead-
er in medical care, research, and education for people
from all walks of life.

Conference topics will include:

* HBO, therapy in lower limb crush injury, compro-
mised flaps, and deep tissue infections

e QOsteomyelitis and infected prosthetic materials

¢ [CU equipment support (ventilators, monitors, and
IV pumps)

* The integration of hyperbaric safety checklists and
procedures in electronic medical record systems

Participants will enjoy two bonuses included free with

their registration:

* Tour of Mayo Clinic’'s multiplace program and inter-
active session of sharing best practices in hyper-
baric medicine

* Access to the course material, which includes a full
conference slide set for your clinic’s educational
use, for up to 1 year after the course

From Paul Claus, MD, UHM, course director for
Hyperbaric Medicine 2015:

“Our speakers are leading experts in the field of
hyperbaric medicine as well as specialized prac-
tices of plastic /transplant surgery, critical care /
anesthesia, hyperbaric nursing, biomedical equip-
ment modification, and evidence-based medicine
research. You will leave with a greater network
of hyperbaric colleagues, the knowledge to take
your clinical practice to the next level of success
AND a full conference educational slide set for
use in your own staff educational tool chest!”

If you're serious about taking your practice to the next
level in 2015, we encourage you to consider attending
this conference. Registration is open now!

CME - AMA PRA Category 1 Credits™ - maximum of 16 (Program)
and 5 (Self-assessment)

American Academy of Family Physicians - up to 16.00 prescribed
credit(s).

MOC/ABPM - This activity is approved by the American Board of
Preventive Medicine (ABPM) for Maintenance of Certification (MOC)
credit for a maximum of 16.0 LLSA/MOC credits.

NBDHMT - Approved by the National Board of Diving & Hyperbaric
Medical Technology for 16 Category ‘A’ credits.

www.bestpub.com « ©2015 Best Publishing Company

WCHM ~ 43


http://www.danburyhospital.org/Events-Calendar/2013/April/Dive-Medicine-Conference
mailto:cme@mayo.edu
www.bestpub.com

HOSPITALS o MEDICAL BUILDINGS ¢ OFFICES ¢ SCHOOLS ¢ HOMES

Cost-Effective
AMERICAN-CERTIFIED PROTECTION

iIEvac

SMOKE/FIRE HOOD

Carbon Monoxide

Additional Toxic Gases: smoke, hydrogen
cyanide, chlorine, ammonia, sulfur dioxide, CS,
CN, hydrogen sulfide and more

Harmful Particulates: soot, fumes, aerosols
and others
Life-Threatening Physical Hazards:
flammability and radiant heat

Best Publishing Company is a certified distributor of

iEVAC Smoke/Fire Hoods. Place your order at
www.BestPub.com

B BEST
PUBLISHING
COMPANY Certified Model ANSI/ISEA 110-2009

Thank You to Our
2015 Elite Sponsors!

D | MINOLE

?o i ?ﬂ.-d-ﬂ w'bmng é:ﬁf«%’fﬂ«

o< T N

SELHRIST

L SO A

) <S4

44 ~ WCHM ©2015 Best Publishing Company - www.bestpub.com


http://www.bestpub.com/safety-products-and-services/smoke-fire-hoods.html
http://www.matrixhealthservices.net/
http://www.seminolehealthcare.com/
http://www.sechristusa.com/
www.bestpub.com

Wound Care
Hyperbaric Medicine

Volume 6 Issue 1 + Spring 2015

Clarity

The Importance of Patient Education

Darren Mazza, EMT, CHT

One of the most important components of hy-
perbaric therapy is providing complete and in-
formative patient education. Simply speaking to
patients about risks and benefits alone doesn’t
constitute thorough education or ensue that the
patients understand their responsibilities. It is
also necessary to educate patients on the im-
portance of maintaining both good nutrition and
hygiene, as they both have a direct impact on pa-
tient safety, health, and healing ability.

When possible, encourage a family member to
participate in the patients’ education. This can
be a great way to encourage patient compliance.
Family members are often times the only source of
encouragement patients have aside from health
care providers. Be clear when educating both the
patients and their family members about safety
measures.

As a CHT/safety director, | have an obligation to
provide the safest environment possible for both
the patients and staff in the clinic. Hyperbaric pa-
tients also have an obligation to both themselves
and the clinic staff to comply with all aspects of
the instructions provided to them. One of my goals
is to encourage patients to take ownership of their
health and their care to achieve their goals to-
wards healing.

Always provide exceptional hyperbaric patient ed-
ucation. This lends the CHT credibility and demon-
strates his or her competency and commitment to
patient safety. This in turn gains patient trust and
confidence in both the CHT and clinic.

One great example of providing good patient educa-
tion is on the use of the air break line and mask.
Don’tjust hand the air break line and mask to the pa-
tient and send him into the chamber. The purpose of
thorough patient education is to properly inform the
patient of what the equipment is and how it works.
The patient needs to be familiar as well as compe-
tent with the air break equipment. When teaching
the patient how to properly use the air break equip-
ment, instruct him to take two breaths from the air
break line. Confirm that the mask creates an ad-
equate seal and that the regulator provides proper
air flow to the patient. This will ensure patient clar-
ity and confirm that he has been prepared for treat-
ment with adequate education and safety training.

Final Note: Don't cut corners with patient educa-
tion. It's absolutely crucial for us as care providers
to take the time and properly prepare patients for all
aspects of the treatment they are about to receive.

About the Author

Darren Mazza is the CHT and Safety Director at the
Center for Wound Healing and Hyperbarics at Swedish/
Edmonds, located in the greater Seattle area. He has
20 years of experience in healthcare, which includes
8 years as an EMT in the greater Sacramento region.
Darren also worked as a preceptor trauma tech in a
Sacramento hospital for several years. After leaving
California and moving to Idaho in 2005, his hyperbaric
career began after becoming the department head of
an outpatient wound care and hyperbaric center. His
hobbies include fly fishing and fly tying.

Join the community! Follow Best Publishing Company
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Oxygen, Hyperbaric Oxygen, and Free Radicals

Wound Management Considerations
Michael B. Strauss, MD and Stuart S. Miller, MD

Infroduction

No one questions the roles oxygen has in wound
healing. In almost every aspect of wound healing,
from the inflammatory process to remodeling and
from tissue survival to infection control, adequate
tissue oxygen tensions are essential. The roles of
hyperbaric oxygen (HBO), however, are not as well
defined. When wound healing is not progressing in
a normal fashion and ischemia/hypoxia is a con-
tributing factor, it makes sense to use HBO as an
adjunct to manage this aspect of the problem. Even
more controversial is the role of free radicals in
wound healing and whether the production of free
radicals by HBO is detrimental to healing and sur-
vival. This article addresses these three aspects of
the oxygen molecule spectrum and dispels miscon-
ceptions about the harmful nature of free radicals.

Things to Know about Oxygen

The chemical element oxygen has many unique
features. It has the ability to oxidize almost any or-
ganic substance to modify it. It does this by “gob-
bling up” electrons from the compound, which de-
fines oxidation. It also actively forms oxides with
inorganic elements such as iron, which results in
the rusting process. No other element is so active
in the degrading/oxidizing process. As “destruc-
tive” as oxygen is, life as we know it would not ex-
ist on earth without oxygen. The question is how is
this paradox resolved? The answer is that defenses
against oxygen were developed as evolution of life

The chemical structure of oxygen is such that
its nucleus of 8 protons and 8 neutrons sits in
a protective shell (also seen in helium, calcium,
nickel, tin, lead, and other heavier elements),
which makes its molecular form very stable and
prevents decay into other elements. This ac-
counts for oxygen being the third most common
element in the universe, second only to hydrogen
and helium.

What is more pertinent with respect to oxygen’s
reactivity is its electron cloud. The lowest tier en-
ergy level, the s-shell, is spherical and filled with
two electrons. The next energy level/shell, the p-

shell, can hold 8 electrons. However, in oxygen’s
case, it has 6 electrons. Consequently, it aggres-
sively seeks 2 additional electrons to fill this
shell and stabilize the shell’s energy state. This
makes oxygen the most active chemical element
in “gobbling up” electrons to combine with or to
degrade other elements and compounds.

In contrast, carbon forms bonds with itself and
other elements because carbon (element 6) has
4 electrons left over and needs 4 more electrons
to fill its p-shell. This explains the variety of per-
mutations and combinations of carbon bonding
and the ability to form an almost infinite number
of organic compounds.

on Earth progressed.As Nick Lane said in Oxygen:
The Molecule that Made the World, oxygen is the
“elixir of life—and death.”* Much is known about
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Table 1: Oxygen Fall-off from Inspired Air to the Mitochondria

For metabolic processes to occur in the cell, tissue oxygen

tensions must be in the @0-40 mmHg rang@

Extra-cellular O,
Tensions (mmHg)

Intracellular O,
Tensions (mmHg)

Inspired air = 160
Pulmonary vein = 100

Aorta = 85 (sys press = 120)
Arterioles = 70 (sys press = 60)
Capillary = 50 (sys press = 30)

Tissue Fluids = 30-40)’

\_

Any fall-off in the gradient will impair
mitochondria energy generation

Cell =10

¢

)

the role of oxygen in wound healing. A gradient ex-
ists from inspired oxygen tensions of 160 mmHg
while breathing air to 0.5 mmHg in the mitochon-
dria (Table 1). This is a 99.7 percent decrease in
oxygen tensions from the start to the end of the
gradient. Without the 0.5 mmHg oxygen tensions
in the mitochondria, energy for cell metabolism will
not occur. Consequently, any interference in the
oxygen tension at each step of the gradient can be
detrimental to mitochondrial function. Clinical con-
ditions that ultimately interfere with oxygen deliv-
ery to the mitochondria occur at each level of the
gradient (Table 2).

From the wound healing consideration, the tissue
fluid oxygen tension is the one that is so critical
for healing. Hunt (1969) confirmed that in order
for fibroblasts to function and for wounds to heal,
the tissue oxygen tension needs to be in the 30-
40 mmHg range (Figure 1).? Healing is unlikely to
occur below 30 mmH; above 40 mmHg healing is
likely. Failure for wounds to heal with oxygen ten-
sions 40 mmHg or greater indicate that other po-
tential causes of non-healing, such as bioburden,
deformity, inadequate protection/stabilization,
malnutrition, cicatrix/bursa barriers to angiogen-

esis, matrix metalloproteins, and/or inadequate
protection/stabilization, are also present.

It is remarkable that oxygen and its com-
pounds carbon dioxide and water are the criti-
cal substances that maintain the higher forms
of life on Earth. While oxygen is necessary for
generating energy through ATP (adenosine
triphosphate) as is needed for all cellular pro-
cesses in higher organisms, its waste product
is carbon dioxide.

It is almost mind-boggling that carbon dioxide,
water, and sunlight are the essential ingredi-
ent of photosynthesis, and the end products
of photosynthesis are oxygen and glucose. A
structure somewhat analogous to the mito-
chondrion, the chloroplast, a member of the
plasmid family, is responsible for this remark-
able conversion. Chloroplasts are the energy
generating organelles of plants and generate
energy by chemiosmotic mechanism similar to
mitochondria. Consequently, while oxygen is
essential for animal metabolism, carbon diox-
ide is essential for plants. Together, they help
maintain the Earth’s oxygen/carbon dioxide
atmosphere in balance.
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Table 2: Conditions that Interfere with Oxygen Availability to the Mitochondria

Tissue Level
Lungs

Arteries

Capillaries/Red Blood Cells

Tissue fluids

Cells Neoplasms

Ventilation-perfusion inequalities, obstructive lung disease
Atherosclerosis, vasoconstriction, shunting, anemia

Thickening of the basement membrane, sludging,
hemoglobinopathies

Relative barriers; e.g., edema, cicatrix, bursa, exudates

Conditions

Oxygen, the “elixir of life,” is not only required
for wound healing—its intracellular tensions and
radicals generated by biochemical reactions are
an integral part of many other cellular processes.
These range from maintaining consciousness to
initiating angiogenesis and from intermediary
metabolism (Krebs cycle) to white blood cell oxi-
dative Killing. For example, during the oxidative
burst in the neutrophil phagocytic vesicle, oxygen
consumption increases 100-fold or more to Kkill
bacteria through the generation of superoxides
and peroxides.®* Oxygen is carried to every cell in
the body by the bloodstream through a “loose” at-
tachment to the iron in the hemoglobin molecule.
With high oxygen tensions, as in the lungs, oxy-
gen attaches to the hemoglobin molecule. In the
tissues, oxygen diffuses through the capillary to
the lower oxygen tension tissue fluids and into the
cell. The physiology is explained by the Hender-
son-Hasselbalch equation and the biochemistry
by oxygen attachment to iron to convert it to the
ferric state in the oxygen-rich lung environment
and release of oxygen and conversion to the fer-
rous state because of the lower oxygen tension
tissue fluids.

As the “elixir...of death,” oxygen, when not physi-
ologically regulated, is harmful and can Kill every
cell in the body. Obviously, too low oxygen tensions
result in interference with cell function, which has
important ramifications for wound healing. With
low oxygen tensions, the cell goes into a state
of suspended animation (hibernation). While

not dead, it is not functioning at a level where it
can continue its physiological functions. For the
fibroblast, this means the arrest of wound heal-
ing; however, with restoration of adequate oxygen
tensions it can recover these functions. This, of
course, is the justification for revascularization
and hyperbaric oxygen therapy (discussed in the
next section). Oxygen tensions below a certain
point for a sustained period of time result in cell
death and no chance of return of function. A big
guestion is whether oxygen utilization for me-
tabolism, analogous to combustion, is ultimately
responsible for the cell’'s death just as after the
consumption of all combustible material, the fire
ceases to burn. Cells are programmed to die, i.e.,
apoptosis, at specific times. Is this because oxida-
tion eventually “burns out” every cell in the body
and results in the death of the organism?

Oxygen percentages over 17 percent are re-
quired for a fire to burn regardless of the oxygen
tension. This contrasts to the extraction of oxy-
gen from inhaled air in the lungs, where the par-
tial pressure of oxygen (reflected in the number
of molecules breathed) is essential for adequate
oxygenation of tissues. The following examples

further illustrate this chemistry and physiology.

In 1967 three astronauts were cremated when
the space module (which was on the ground
at the time) was pressurized with pure oxy-
gen at 0.4 ATA (atmospheres absolute), and a
spark set off an explosion from the combusti-
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Figure 1: Oxygen Tensions Necessary for Wound Healing

Fibroblasts

Contraction (Myofibroblast)
Wound closure

Legend: Oxygen is required for fibroblasts to elaborate their functions of secretion and collagen formation. If deficient, the fibroblast
may remain viable but not function. For angiogenesis, a matrix needs to be generated by the fibroblast so capillary budding

can grown into it and advance the blood supply.

ble materials in the capsule. Not only did the
combustible articles burn in the pure oxygen
environment, they were explosive even though
the partial pressure of oxygen was 0.4 of an at-
mosphere. The reason for using hypobaric pure
oxygen was to reduce the additional weight of
the 80 percent nitrogen contained in air.

In contrast, for diving studies at a thousand-
foot depth, 1 percent oxygen is breathed while
the remainder of the gas mixture is helium with
a little added nitrogen At this depth the partial
pressure of oxygen is more than 160 mmHg—
sufficient to meet the lungs’ requirement for
ventilation. Conversely, it would not be pos-
sible to kindle a flame in this 1 percent oxygen
mixture.

Things to Know about Hyperbaric
Oxygen

Too much oxygen is likewise harmful, the other as-
pect of the “elixir...of death.” Sustained periods of
breathing 100 percent oxygen can cause pulmo-
nary edema. Hyper-physiological doses of oxygen,
as achieved with hyperbaric oxygen, are toxic to
every cell in the body. The target tissue for this side

effect is the brain, and the consequence of this toxic
insult is the oxygen-induced seizure. Intermittent ex-
posures and air breaks while breathing HBO mitigate
this side effect. Why seizures occur with increased
oxygen tensions of the brain is not clear. Some attri-
bute it to hyper-metabolism just as increased oxygen
percentages cause a fire to burn more vigorously.
Another idea (which will be further elaborated later)
is that the scavengers of the reactive oxygen species
are overwhelmed by the free radicals generated by
the hyperbaric oxygen exposure.

The mechanisms of hyperbaric oxygen are support-
ed by physics and physiology.>¢ Hyperbaric oxygen
at 2 ATA (33 FSW) increases the inhaled oxygen
partial pressure tenfold from 160 mmHg partial
pressure of oxygen to over 1600 mmHg. This in-
creases the oxygen diffused from the alveolus to
the plasma of the alveolar capillary tenfold but
does not change the hemoglobin-carried oxygen
of the red blood cell since in the absence of lung
disease and/or red blood cell diseases, it would al-
ready be approaching 100 percent.

In room air, 97.5 percent of the oxygen in the blood is
carried by the hemoglobin in the red blood cell and
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2.5 percent is physically dissolved in plasma. With
hyperbaric oxygen, the tenfold increase in plasma
oxygen adds 25 percent to the blood’s oxygen car-
rying capacity. All oxygen delivery (as well as nutri-
ents) to cells, be it from hemoglobin or physically dis-
solved in the plasma, must first diffuse through the
capillary, then through tissue fluids, to the cell. The
oxygen diffusion is in response to gradients, which
are high in the blood, lower in the tissue fluids, and
lowest in the cell. With HBO the tenfold increase in
plasma oxygen content supplements the hemoglo-
bin-carried oxygen and mitigates conditions where
blood flow, hemoglobin-carried oxygen, or diffusion
distance problems interfere with oxygen delivery to
the cell (Figure 2). Under HBO conditions enough
oxygen is physically dissolved in the tissue fluids to
meet cellular oxygen requirements in the absence of
hemoglobin-carried oxygen.”

Another method of increasing the partial pres-
sures of oxygen above physiological levels is
through SCUBA diving. SCUBA diving to 100 feet
of sea water (FSW) increases the oxygen par-
tial pressure of the inhaled air fourfold, which
is nearly equivalent to breathing pure oxygen at
sea level. While this is tolerated for the relatively
short durations of the SCUBA dive, saturation
diving (in an underwater habitat) at 100 FSW re-
quires reducing the oxygen percentages of the
breathing gas in order to prevent oxygen toxicity.

With closed circuit rebreathers the likelihood
of oxygen toxicity, especially seizures, is much
greater. When breathing pure oxygen in a re-
breather unit, depth and time durations are

strictly limited. For example, a 30 FSW dive is
limited to 30 minutes, while shallower dives
can have longer durations.

Mixed-gas closed circuit rebreathers are de-
signed to provide a constant partial pressure of
oxygen regardless of the depth. To accommodate
the increased ambient pressures with descent,
increased percentages of the diluent gas are
added to the breathing loop. Seizures may occur
from errors in setting the oxygen partial pres-
sures. In addition, the breathing mixture may be
switched to pure oxygen near the surface to has-
ten off-gassing of the inert gas. However, if done
prematurely, for example at a depth greater than
30 FSW, an oxygen seizure may occur.

In 1959 Boerema et al. demonstrated that pig-
lets who had their red blood cells removed could
be kept alive and functioning for brief periods
(15 minutes) with physically dissolved oxygen
in their plasma.” The end-point of the study was
carbon dioxide accumulation rather than oxy-
gen deficiency.

This study dispelled the “Haldane hex,” which
contended that cells could only utilize oxygen
that was hemoglobin borne. Boerema’s study
gave the use of hyperbaric oxygen a solid physi-
ological basis and ushered in the modern area
of HBO therapy. For this seminal contribution,
we refer to Dr. Boerema as the father of hyper-
baric medicine.

Oxygen diffuses through relative barriers poorly,
especially as compared to carbon dioxide. Carbon
dioxide’s ability to diffuse through tissue fluid is
20-times greater than that of oxygen. Commonly en-
countered relative barriers include atherosclerotic
vessels, which interfere with perfusion; thickened
capillary membranes, which slow diffusion through
the endothelium; edema fluid, which increases the
diffusion distance from the capillary to the cell; and
cicatrix, which acts as an obstruction (Table 2). The
tenfold increase in tissue fluids achieved with HBO
promotes oxygen tissue diffusion through these
barriers, which are considered relative because
they can vary in extent from inconsequential to to-
tally obstructing oxygen availability to the cell.

An example of a relative barrier is that of edema
associated with stasis ulcers. The more severe
the edema, the more likely a stasis ulcer will
develop. The pathophysiology of the ulcer etiol-
ogy can be multifactorial such as from trauma,
venous stasis disease, atrophic/friable skin,
loss of skin elasticity with aging, hemosiderin
deposition in the subcutaneous tissues, cica-

trix formation from ischemia/hypoxia of the un-
derlying tissues, and/or insufficient perfusion
to allow healing.

Regardless of the cause, a primary intervention
in managing the stasis ulcer is that of reduc-
ing edema through use of elastic wraps, elastic
support hose, leg compression pumps, and/or

www.bestpub.com « ©2015 Best Publishing Company

WCHM ~ 51


www.bestpub.com

Volume 6 Issue 1 + Spring 2015

Figure 2: Blood Oxygen Content , Hyperbaric Oxygen and “Life without Blood”
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Legend: The physically dissolved oxygen from the hyperbaric oxygen exposure adds to the hemoglobin-carried oxygen.
Once the hemoglobin-carried oxygen becomes fully saturated it cannot carry additional oxygen. At abouta 2000
mmHg oxygen partial pressure there is enough oxygen content in the plasma to meet oxygenation requirements
without hemoglobin-carried oxygen. This was demonstrated by Boerema'’s “Life without Blood” experiment.

Key: A-V O, = arterial-venous oxygen extraction, HBO = hyperbaric oxygen, Rx = treatment; w/o = without

diuretics. The reduction of edema reduces the
distance oxygen has to diffuse through tissue
fluids to reach the ulcer wound bed.

While everyone attests to the benefit of ede-

ma reduction in managing stasis ulcers, the
beneficial role of reducing oxygen diffusion
distance through tissue fluids to improve oxy-
gen delivery to the ulcer and promote healing
must not be overlooked.

In our experience, there are three fundamental
reasons why wounds, especially diabetic foot ul-
cers, do not heal in the usual and customary fash-
ion.® These are failure to address adequately the
underlying deformity; persistence of deep infection
of bone, cicatrix, and/or bursa; and ischemia/hy-
poxia. Of the three, the confirmation of ischemia/
hypoxia is perhaps the easiest. This can be ascer-
tained with the clinical exam (e.g., palpable pulses,
Doppler pulses, skin coloration and temperature,
and capillary refill time), imaging studies, and jux-
ta-wound transcutaneous oxygen measurements
(TCOMs). As mentioned before, tissue fluid oxygen

tensions in the 30-40 mmHg range are needed for
wounds to heal.? Juxta-wound TCOMs measure and
reflect the tissue fluid oxygen tensions and can be
used as a guide to determine whether the isch-
emic/hypoxic wound will heal or if measures to in-
crease perfusion/oxygenation are needed.

Hyperbaric oxygen is an intervention to increase
wound oxygenation (in addition to revasculariza-
tion, edema reduction, improved cardiac function,
and pharmacological agents).® The value of using
TCOMs to predict healing with use of HBO as an
adjunct to manage wound hypoxia and achieve
healing is established. We reported that hypoxic
wounds (that is, wounds with juxta-wound TCOM
levels in room air of less than 40 mmHg) heal in
87 percent of cases if the TCOMs increase to 200
mmHg or greater with HBO exposure and HBO
treatments are subsequently used in wound man-
agement.’? This information using TCOMs objecti-
fies the indications for HBO in problem wounds.

Hyperbaric oxygen has applications to many other
medical conditions in addition to hypoxic wounds.
The indications for using HBO in other conditions
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The origin of the 200 mmHg oxygen tension
with HBO for predicting healing of the hypoxic
wound is attributed to Dr. George B. Hart. In the
1990s TCOMs became available but predictions
for healing with HBO ranged from 300 to 900
mmHg oxygen tensions.

In the late 1990s Dr. Hart was queried as to
what juxta-wound TCOM value was needed for
healing to occur with HBO treatments. From his
keen observations he gave the number of 200
mmHg. In the 1997 and 1998 Annual Undersea
and Hyperbaric Medical Society meetings we
presented posters from our observations dem-
onstrating the validity of the 200 mmHg num-

ber In increasing series of patients.!'? This
work culminated in our 2002 Foot & Ankle In-
ternational prospective peer reviewed publica-
tion with a study group of 82 patients who had
TCOMs less than 30 mmHg in room air.12

In reviewing the history of the predictive value
of the 200 mmHg number for healing of the hy-
poxic wound with HBO, we found that this value
was also used in a paper by Fife et al. in 2002.*2
In their review of over 1100 patients with many
permutations such as using 100 percent sur-
face oxygen, leg elevations tests, etc., it was un-
clear how they derived the 200 mmHg number
stated in their conclusions.

are based on its mechanisms. We divide the mech-
anisms into primary and secondary.>® The primary
mechanisms hyperoxygenation and pressurization
(to reduce bubble size) are immediate and act in
a drug dose-duration fashion. Applications in ad-
dition to decompression sickness and arterial gas
embolism include threatened flaps, acute blood
loss anemia, acute peripheral ischemia, burns,
crush injuries and compartment syndromes, and
central retinal artery occlusions. Secondary mech-
anisms occur as a result of hyperoxygenation and
pressurization acting on body tissues and microor-
ganisms. In contrast to the dose-duration effects
of the primary mechanisms, the effects of the sec-
ondary mechanisms tend to be additive and require
repetitive HBO treatments. They include edema re-
duction, stimulation of host healing responses (in-
cluding fibroblast function and angiogenesis), gas
washout (for carbon monoxide poisoning and de-
compression sickness), reperfusion injury, delayed

radiation damage of soft tissue and bone, cerebral
abscess, refractory osteomyelitis, gas gangrene,
and necrotizing soft tissue infections. Awareness
of the mechanisms of HBO helps justify its use. In
addition, mechanisms of HBO may have applica-
tions to current off-label uses of HBO such as acute
brain and spinal cord events, sports injuries, osteo-
necrosis, and fracture healing.

Things to Know about Free Radicals
and Hyperbaric Oxygen

For decades researchers have known that highly
reactive molecules called free radicals cause ag-
ing by damaging the DNA (deoxyribonucleic acid)
of cells and thus disturbing the carefully regu-
lated functions of tissues and organs. Free radi-
cal formation is an integral part of intermediary
metabolism (Krebs cycle) and, with glucose plus
oxygen, provides the energy for cell metabolism,
cell/tissue function, and generation of cell prod-
ucts. In addition, free radicals generated by the
phagosomes in the neutrophil Kill bacteria. How-
ever, reactive oxygen species in the wrong place
or in super-physiological numbers damage tis-
sues. This is observed with radiation injury and
ischemia-reperfusion injury. There is increasing
recognition that cardiovascular diseases, neuro-
degenerative diseases such as Alzheimer’s and
chronic inflammation, apoptosis, and necrosis
have oxidative stress components.

With evolution, cells have generated antioxidants
(oxygen radical scavengers) to mitigate oxidative
stresses. This phenomenon is so important that
Lane asserts that life would not have evolved to
its present form without the generation of antioxi-
dants to “tame” the highly reactive oxygen radicals
it generates.! Defenses to mitigate the oxidative
stresses include vesicles such as the mitochon-
drion shell, which contains the reactive oxygen
species as glucose is metabolized to generate en-
ergy, and allows the train of reactions to proceed
in a regulated fashion. The other mechanism to
handle reactive oxygen species is the generation
of antioxidants such as glutathione peroxidase
and superoxide dismutase.

While HBO is believed to generate reactive oxygen
species, oxygen is required for the generation of
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oxygen radical scavengers.’* Consequently, in the
hypoxic environment insufficient oxygen to gen-
erate the oxygen radical scavengers may cause
damage such as cell death and tissue necrosis,
which is always of concern in problem wounds.
Much is known about oxygen radical scavengers/
antioxidants, oxygen transporters, and reactive
oxygen species.’® For example, 84 genes in the
human genome are related to oxygen stresses.

A number of vitamins have been promoted as
antioxidants and purported to be useful in pre-
venting aging such as vitamins E, C, and A. Vi-
tamin E in particular was promoted for this pur-
pose. It also had been used in conjunction with
HBO treatments to prevent oxygen seizures.

Vitamin E is no longer recommended for pre-

venting seizures with HBO, because seizure
rates are so low with clinical HBO treatments
that they are almost a non-occurrence. When a
seizure does occur, it is usually associated with
hypoglycemia in the diabetic patient or non-
therapeutic doses of anticonvulsants in the pa-
tient with a seizure history.

Reactive oxygen species may have salubrious ef-
fects with respect to longevity and disease preven-
tion. There isincreasing appreciation of noncoding
DNA sequences (epigenes, or “junk” genes) as be-
ing able to influence genetic information through
the expression of DNA. The physiological reactive
oxygen species generated by HBO could be one of
the “missing links” in our understanding of how
they are beneficial to the organism. Reactive oxy-
gen species may remove damaged DNA segments
that lead to aging, diseases, neoplasms, or pre-
vent wound healing.

A “take home” observation of this is seen in
the exuberant callus formation that recurs de-
bridement after debridement, especially in the
diabetic foot ulcer. Even after the wound heals,

the exuberant callus returns as if the message
system to form callus persists, suggesting that
epigenes have influenced the DNA associated
with callus formation.

Animal studies have shown that longevity is in-
creased in animals genetically altered and missing
antioxidant enzymes.’® In addition, those animals
that overproduced superoxides lived 32 percent
longer than the controls. The longest living rodent,
the naked mole rat, is able to survive 25 to 30 years,
has lower levels of antioxidants than similar sized
rodents, and remains disease free eight times lon-
ger. The hypothesis to explain this observation was
that the mole rat accumulates more oxidative dam-
age to their tissues at an earlier age, so only the
most healthy individuals survive. A herbicide that
generates free radicals resulted in worms living 58
percent longer than untreated animals.

This may support the “survival of the fitness”
concept, that the young organism should be
exposed to a constellation of diseases to
“train” their immune systems. Epigenes may
influence DNA to generate the antibodies, etc.,

and free radicals may “turn on” the epigenes
so at a young age the organism becomes im-
munologically privileged, ensuring the longest
possible survival.

Conclusions

Oxygen is a remarkable molecule; too little is lethal
and too much is lethal. Organisms have generated
remarkable mechanisms to maintain oxygen in
physiological settings. Hyperbaric oxygen may alter
these protective responses on one hand and on the
other may make them more effective. The role of
reactive oxygen in wound healing has hardly been
addressed, but much is known about its role in Kill-
ing bacteria. We are not quite ready to recommend
sleeping in the pressurized HBO chamber, but if
HBO modestly generates reactive oxygen species
to turn on epigenes to influence DNA messaging
which, in turn, mitigate disease processes, many
new roles for HBO can be expected.
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