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EDITORIAL

John c. Hagan, iii, Md, Facs, Faao, MsMa member since 1975, is a Kansas city, Missouri, ophthalmologist and Missouri 
Medicine editor since 2000.  He is a multi -year super diamond contributor to MMpac.
Contact: jhagan@bizkc.rr.com

Don’t Let Medicine in Missouri 
Go to Pot: Oppose Sham Medical 
Marijuana Referenda 
on November 2018 Ballot
by John C. Hagan, III, MD

Docs, listen up. Keep Missouri voters from passing 
legal but ‘sham’ non-needed, medical marijuana 
laws. Vigorously oppose all three referenda1 on the 

Missouri November general election ballot that would legalize 
medical marijuana (‘pot, weed, cannabis’) in the Show Me 
state.  

We don’t need more social/medical nightmares like 
tobacco and opioids, both of which physicians initially aided 
and abetted. (Figure 1) Physician colleagues and medical 
professionals, “Show Me’ some responsibility this time! 
Commit to educating your patients, contributing your time, 
your money, and your vote to defeating sham medical pot. 
Every state, notably well documented in Colorado,2 that has 
enacted medical cannabis has created a tsunami of medical, 
social, educational, judicial, law enforcement, and business 
crises. Medical marijuana cards are available to practically 
anyone and diversion to recreational use and under-aged youth 
is the inevitable default setting. We don’t need these problems 
in Missouri. 

“Big Weed” is the termed coined for the coalition 
of businesses, corporations, individuals that is profi ting 
enormously from state by state passing ‘medical’ and/or 
‘recreational’ marijuana into law by referenda.  Millions of Big 
Weed dollars are fl owing into Missouri to open a new market 
of cannabis dependent customers, much the same as Big 
Tobacco abetted habituating millions to their nicotine laced, 
health destroying products. Big Weed is contemptuously, but 
effectively, emulating the marketing plan of “Big Tobacco.”  

Big Weed’s resources far surpass the responsible ‘weed-
killing’ opposition.  Big Weed’s high-power advocates have 
cleverly ‘sweetened’ their noxious products by allocating a tiny 
2-15% tax to be used for the likes of military veterans, cancer 
research, childhood education, and drug addiction. What, 
not widows, orphans, and homeless animals? Clever? Yes. But 
this is the equivalent of ‘hiding behind hostages.” There are 
no limits on the greed, duplicity and ‘total war’ tactics of Big 
Tobacco, Big Opioids and now Big Weed, the latest member of 
the Health Apocalypse Henchmen.   

In Canada, which has virtually anything goes cannabis, 
several large brewing companies are spooling up to sell 
cannabis infused drinks3 to offset the fall in beer sales. 
Idiotically, their industry refers to this as “the logical fourth 
leg” of commercialization: beer, wine, liquor and cannabis.  
Obviously, they imbibe a lot of their own products. I have 
unsolicited received about a half dozen offers to invest in 
limited partnerships that will profi t from distributing sham 
medical marijuana of unknown composition. Medical weed is 
not even remotely a proper medicine of known composition, 
known quantity, and approved by FDA testing/approval 
process. Substantial monies are promised to investors and a 
growing, eventually nation-wide pot market. Medical marijuana 
laws are Big Weed’s Trojan Horse to create astronomical profi t 
from dependent non-medical customers and pave the way for 
eventual recreational ‘anything goes’ cannabis. 

Much to their regret and shame, Colorado physicians 
and medical groups did not actively oppose medical and 
later recreational cannabis.  The Colorado Medical Society4 
is urging other state medical organizations not to make 
the same mistake: “Other states facing legislative efforts to 
legalize marijuana should consider Colorado’s experience as 
a cautionary tale. Approving medical treatments by ballot 
initiatives sets a dangerous precedent for public health. This 
will be one of the great social experiments of the century.”  
(emphasis added)    

Learn more about the ballot issues at www.msma.org/medical-marijuana

Vote NO on All Three 
Medical Marijuana Referenda
November Missouri Electi ons!

Learn more about the ballot issues at www.msma.org/medical-marijuana
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Responsible Missouri physician organizations are 
offi cially on board opposing the three sham medical marijuana 
referenda include: Missouri State Medical Association, AMA, 
Kansas City Medical Society, Greene County Medical Society, 
St. Louis Metropolitan Medical Society, Missouri Society of 
Eye Physicians & Surgeons (we ophthalmologists don’t need 
marijuana to treat glaucoma, makes treatment worse). Missouri 
Medicine regular readers will note many articles outlining 
scientifi cally the case against using true medical problems of 
patients as a straw man/woman for passing medical marijuana. 
5 Many of these cannabis articles are from a writing group from 
Colorado coordinated by Ken P. Finn, MD, a widely known 
and respected pain-management specialist.  This issue of 
Missouri Medicine presents other vital information for physicians 
beginning on the next page.

Many patients, and some physicians, believe that 
legitimate FDA approved medical research is not being done 
and would be facilitated by passing these sham medical 
marijuana referenda. Not so! The FDA has approved cannabis-
based medicines via legitimate pure drug pathway:  canabidiol 
(Epidolex) for the treatment for certain rare seizure disorders 
but with potential to help other more common types of 
childhood seizures; dronabinol (Marinol) for nausea and 
vomiting of chemotherapy and weight loss/poor appetite in 
HIV patients; and nabilone (Cesamet) for nausea and vomiting 
of chemotherapy when other drugs fail. Some restrictions on 
legitimate research on pure cannabis chemicals as real drugs 
might certainly be considered at the FDA level. Nor should we 
confuse this vote with the issue of decriminalization of small 
amounts of pot for personal use. Twenty-four states and over 
50 large municipalities have passed decriminalization law more 
are in the process. This is not the issue we are voting on, nor 
is alcohol caused social/medical/judicial problems. Confl ating 
tobacco, alcohol, and opioid problems to make cannabis 
appear a minor vice is a debating trope used by Big Weed to 
misdirect and misinform voters.  This issue is sham medical 
marijuana. 

It is worth stating again that all state legalization of 
cannabis for sham medical and recreational use is in violation 
of Federal Law, a fact all Presidents to date have chosen not to 
enforce and whom two, Clinton and Obama, have admitted to 
recreational pot use.  

Most physicians look back with incredulity and disgust on 
some of our forebears: physicians, dentists, nurses in the 1940s 
and 50s who recommended and were used in commercial 
advertisements (Figure 1) for tobacco products; late 1990s 
to mid 2000s opioid industry compensated physicians like 
Russell Portenoy, MD,6 and the Kansas City Center for 
Practical Bioethics/Myra Christopher, RN, who shilled for 
the pain pill industry7  We must not make the same mistakes.  
We physicians, and hopefully a broad coalition of healthcare 
professionals, institutions, educators, law enforcement, 
children and public welfare advocates and all informed citizens 

must band together and defeat the three harmful sham medical 
marijuana referenda on the Missouri November General 
Election Ballot (Figure 2). 

Don’t let Medicine in Missouri go to pot!

References
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Figure 1. physicians, denti sts and nurses were used to promote and sell 
cigarett es. Many prescribed smoking for throat irritati on, nervousness 
and anxiety. physician and medical professionals must avoid these 
mistakes and oppose sham medical marijuana in Missouri.

Figure 2. Medical marijuana quickly degenerates to anyone/
any indicati on as long as they have cash to purchase. diversion 
to recreati onal use is routi ne. under the infl uence of cannabis in 
Colorado schools increased 44%.
Source: htt ps://www.fl ickr.com/photos/adam_jones/6933957739  courtesy Adam Jones
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guest editorial 

Introducti on and Defi ning Bad Law
Due to limited space, this article highlights just a few 

of the plethora of problems identifi ed in the Missouri 
medical marijuana amendments that are of blatant legal 
concerns.  These amendments have been set for the 
November 2018 ballot.  However, I will discuss why, even 
just the issues I have brought to the reader’s attention, 
makes the amendments bad law and should not be 
approved by the electors.   Bad law is a legal term of art 
which is applied to a law, or proposed law, that is harmful, 
vague, lacks enforceability, or is in confl ict with other well 
accepted public policies.  In reviewing the Missouri medical 
marijuana amendments, I fi nd that each qualifi es as bad 
law.  The only way to cure or fi x bad law is to repeal it or 
never adopt it in the fi rst place.  Readers should decide 
for themselves if each of these amendments meets the 
defi nition of bad law.  And, bad law results in bad public 
policy.

Purpose of a Consti tuti on vs. Statutes
A constitution is a document that provides the 

framework under which a state or federal government 
functions.  In changing a constitution, one is changing 

the core framework by which the government pegs the 
development of future laws and public policies.  Therefore, 
modifying constitutions is designed to be a slow and 
burdensome process so that this framework is not changed 
without a great deal of contemplation and purpose.  
Modifying a constitution should never be used in situations 
where issues can be handled through statutory law.  Based 
on this fundamental understanding of the purpose of 
a constitution vs. laws, two of the three pro-medical 
marijuana proposed amendments should be defeated as they 
are not a proper topic to be enshrined in a constitution.  

Highlights of the Three Ballot Issues
There are three ballot issues in Missouri that will in 

one way or another be promoting the consumption of 
marijuana:  

•	 Amendment 2:  Medical Marijuana and Veterans 
Healthcare Services Initiative (4% tax on medical 
marijuana sales);  

•	 Amendment 3:  Bradshaw Amendment (would 
create two new entities — Biomedical Research 
and Drug Development Institute, and the Land 
Acquisition Board; 15% tax on medical marijuana 
sales);  and

•	 Proposition C:  Missourians for Patient Care Act 
(statutory amendment with a 2%  tax on medical 
marijuana).  

The focus on all three amendments is to use as sources 
for medical marijuana, plants that contain high levels 
of THC (tetrahydrocannabinol) as these amendments 
are not focusing on growing hemp-marijuana with its 
low .3% THC level and high CBD (cannabidiol).   The 
Bradshaw Amendment specifi cally states that its defi nition 
of marijuana does not include hemp.  None of the three 
proposed amendments limit the amount of THC in the 

cynthia a. walsh, Ma, Jd, is 
certi fi ed in Health care ethics by 
the university of new Mexico 
Health sciences department 
and is an accredited veteran’s 
att orney through the veterans 
administrati on.  since 2014 she 
has been working to address the 
growing crisis of state legalizati on 
of marijuana.
redti ck@sleepingtortoise.com

“Bad Law” equals “Bad Public Policy”:   
Why Three Missouri Medical      
Marijuana Ballots Issues Need 
to Be Voted Down
 by Cynthia A. Walsh, JD
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plants grown nor in any of the end products which will be 
consumed as ‘medicine.’    

All three amendments legalize taking medical marijuana 
by any method currently known or that any physician 
recommends, which includes but is not limited to vaping, 
edibles, lotions, smoked, suppositories, and derma patches 
in order to get the marijuana into one’s body or on it.   
The boiler plate language found in all three amendments 
provides an extensive list of health conditions for which 
medical marijuana can be recommended, including but not 
limited to glaucoma, seizures, cancers, intractable migraines, 
multiple sclerosis, Parkinson’s disease, etc.   Additionally, 
if any illness has been overlooked there is a catchall phrase 
for those as well — “… any other debilitating medical 
condition as determined in the professional judgment of a 
physician.”   There is no mechanism in place to remove an 
illness from the list of legally approved medical conditions 
for the use of medical marijuana.  Both the open-ended list 
(vagueness) and the lack of ability to remove any medical 
condition (in ability to enforce or apply sound public 
policy) makes these amendments bad law.

Government entities will issue licenses for the medical 
marijuana cultivation sites (grows), manufacturing of 
medical marijuana, and/or medical marijuana dispensaries.  
Will local communities (counties or cities) be able to 
prohibit these medical marijuana operations in their 
jurisdiction?  Answer:  maybe and, then again, maybe 
(probably) not.   For example, in one of the proposed 
amendments, the citizens would have to hold a special 
election in which “…  two-thirds majority of the registered 
voters vote to prohibit medical marijuana operations” in 
order to stop the marijuana operations in a community.  
Such an election result would be nearly impossible to 
achieve since the standard is not two-thirds of those 
who vote in that election but it is two-thirds of the 
actual registered voters who must vote against marijuana 
operations in their community.   Again, this appears to 
meet the standard of bad law as this option for the citizenry 
would simply be unrealistic.

The Bradshaw Amendment requires that if a local 
government wants to opt out for the first five years and 
then a citizenry vote for the next five years, it must submit 
this in writing to a government oversight board. This would 
typically be normal procedural law but the oversight board 

does not have to honor the opt out requests because the 
language is merely permissive, i.e. the board ‘may’ (or 
might not) accept the opt out requests but does not have to.  
Again, another example of bad law in which the public has 
no recourse to preserve their quality of life.  
Ranking the Amendments — 
Is Lesser of Evils Possible?

In my opinion, the worst amendment is the Bradshaw 
Amendment, the second worst is the Medical Marijuana and 
Veterans Healthcare Services, and the lesser of the evils is 
the Missourians for Patient Care Act.   The only reason the 
statutory one is the least of the evils is because it is in the 
form of a statute and can be more easily corrected in the 
future.  All three of these ballot amendments are, however, 
bad law and should each receive a ‘no’ vote in November. 

Why is the Bradshaw Amendment the Worst? 
In addition to its being an amendment to the state 

constitution, it creates a massive new governmental 
institution which would be known as the Biomedical 
Research and Drug Development Institute with a very 
powerful board of directors.  The powers given to this 
constitutionally enshrined body are breathtaking and there 
appears to be no means of real oversight.  Reading how this 
institute and its governing board would be established and 
run raises tremendous concerns of the amount of power 
concentrated into one governmental body.  The concerns 
are too numerous to address in this brief article, so I would 
urge the reader to read the extensive powers that would be 
held by this board and ask yourself: (1) what controls are 
in place to avoid conflict of interests in research?  (2) what 
controls are established for assuring research meets medical 
research ethical standards?  (3) what mechanism is there for 
the reporting of ethical or legal breaches? (4) what mode 
of oversight and accountability is there over the proposed 
institution and its board of directors?  (5) since the purpose 
of the research is to find cures using marijuana, what 
happens if the research shows that marijuana as a medicine 
either is ineffective or is actually dangerous?  The answers 
that I arrived at leads me to conclude that the Bradshaw 
Amendment is bad law.  

Hope for Your Future
Whether or not you like politics or legal questions, 
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the topic is being foisted upon the public this fall by those 
who advocate for marijuana.   Remember that the vast 
majority of Americans do not consume marijuana.  In 
Colorado 73% of its jurisdictions have banned marijuana 
grows, marijuana manufacturing, and dispensaries.   There 
is public guilt being pushed by those advocating for these 
amendments that to vote “no” is denying people essential 
medicine.  This argument ignores the fact that the FDA has 
approved several medicines that are marijuana based and 
available by prescription so there is no need to grow one’s 
own marijuana medication.  Where is the compassion by 
those advocating for medical marijuana for those who have 
been harmed by medical marijuana from suicides, murders, 
and rising crime rates in general where marijuana has been 
legalized? 

Disclosure
This is not intended as legal advice.  If you need legal 

advice contact an attorney who is licensed in the state of 
Missouri.

drug Free idaho funded a documentary, chronic state:  How Marijuana 
normalizati on impacts communiti es, it was mostly fi lmed in pueblo, 
colorado about the impact of marijuana in colorado.  
• htt p://www.drugFreeidaho.org   
• htt ps://vimeo.com/280127474   

when the topic of compassionate use of medical marijuana comes up, let the 
public know about the victi ms of marijuana consumpti on.  one source is an 
electronic memory quilt of loved ones whose deaths are linked to marijuana 
produced by Momsstrong.org
• htt p://momsstrong.org/2018/05/12/memorial-quilt-the-many-ways-

marijuana-kills/ 

“it’s High time we took a Breath From Marijuana commercializati on” By 
Bob troyer, us att orney For district of colorado,  denver post,  september 
28, 2018.  troyer highlights the failed promises of the marijuana industry and 
that colorado’s children now consume marijuana at a rate 85% higher than 
the nati onal average.  
• htt ps://www.denverpost.com/2018/09/28/colorado-marijuana-

commercializati on/
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• Pain Medicine
• Palliative Care
• Pediatrics
• Pediatrics - Emergency 

Medicine
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• Pediatrics - 
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• Pediatrics - Surgery
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• Physical Medicine and 
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• Plastic Surgery
• Psychiatry
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Critical Care
• Radiation Oncology
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• Sleep Medicine
• Telemedicine
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• Urgent Care
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To find out about Physician and Advanced Practitioners 
openings across the Mercy System please contact: 
Tammy D. Hager, Director of Physician Recruitment
Tammy.Hager@mercy.net  |  417-820-6650 
Or go to http://www.mercy.net/careers to search for 
your specialty opportunities.

Today – Do more of what you love
At Mercy Clinic, we span across four states with a team of more than 2,100 Mercy primary 
care and specialty care physicians, 600 advanced practitioners. Mercy was named one of the 
top five largest U.S. Health Systems in 2017 by Truven, an IBM Watson Health Company and 
we serve millions annually. Mercy includes 44 acute care and specialty (heart, children’s, 
orthopedic and rehab) hospitals, more than 700 physician practices and outpatient facilities, 
more than 40,000 co-workers and more than 2,000 Mercy Clinic physician in Arkansas, 
Kansas, Missouri and Oklahoma. Mercy also has outreach ministries in Arkansas, Louisiana, 
Mississippi, and Texas.
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Abstract  
We review recent fi ndings on medical aspects of 

marijuana use in order to identify those who are at 
greatest risk of marijuana-related medical problems. 
We analyze the impact of medical marijuana laws 
on health, in particular the disproportionate effects 
on adolescents and children. Chronic marijuana use 
predominantly affects certain areas of the brain that 
overlap the default mode network, linked hubs in the 
brain that play a supervisory role in critical thought 
processes such as attention, memory, and social 
interactions. Disruption of the default mode network 
areas has been documented in schizophrenia and 
Alzheimer’s disease, illnesses with symptoms and 
brain changes that parallel fi ndings in marijuana 
abusers. These fi ndings counter the claim that 
marijuana is a harmless drug and are a cause for 
alarm in persons with cannabis dependence.

Introducti on  
As the November general election nears with three 

ill-conceived referenda which would legalize ‘medical’ 
marijuana, physicians should carefully consider the many 
medical, social, educational and law enforcement problems 
that other states, notably Colorado, have encountered after 
enacting similar legislation.   If legalization occurs, physicians 
should think how they will respond to demands for 

marijuana prescriptions and the potential liability for adverse 
marijuana caused side effects, illnesses or accidents. 

Consider this statement from the Colorado Medical 
Association: “Other states facing legislative efforts to legalize 
marijuana should consider Colorado’s experience as a 
cautionary tale. Approving medical treatments by ballot 
initiatives sets a dangerous precedent for public health. This 
will be one of the great social experiments of the century.”  
Source: http://www.cms.org/articles/marijuana-legalization.

In this article, we review properties of marijuana, 
to identify who may be at increased risk of problems if 
marijuana becomes widely available. We review the general 
impact of putative medical marijuana laws, including changes 
in marijuana use and diversion to non-medical and under-
age users. Finally, we identify adverse changes in the brain 
that can occur in chronic marijuana users. Here marijuana 
or equivalently “cannabis” refers to all parts of the plant 
in the genus Cannibis, including stems seeds, stalks, and 
any extracts derived from the plant. We consider all forms 
of administration including ingestion by vaporization or 
smoking, ingestion by eating or drinking or by contact 
with the skin of any cannabis products or chemicals, 
whether natural or synthesized, collectively referred to as 
“cannabinoids.” The cannabinoids we discuss include ‘high/
mood-altering’   delta-9-tetrahydrocannabinol, commonly 
referred to as THC, which is used in the recreational use 
products and the ‘non-high/mood-altering’ cannabidiol, 
or CBD, which is the form in which medicinal properties 
reside.

Medical Marijuana Laws 
and Marijuana Use aft er Legislati on

Thirty-one states and the District of Columbia have 
passed medical marijuana laws (MML) as of September 
2018. Few of these states maintain medical marijuana 
registries, so the National Academy of Sciences report on 
therapeutic marijuana relied on patients reporting qualifying 
illness(es) in Oregon and Colorado to obtain information 

Marijuana Use in the Era of 
Changing Cannabis Laws: 
What Are the Risks? 
Who is Most at Risk?  
by William V. Stoecker, MD, Emily E. Rapp & Joseph M. Malters, MD

TAKE A STAND

SAY NO
TO 
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on the proportion of patients reporting qualifying illnesses 
of medical marijuana users.1 By far the largest proportion 
of these users (90-93%) reported severe pain. Other 
conditions reported by 2% or more of medical marijuana 
users are muscle spasms and multiple sclerosis (25-29%), 
nausea (12-13%), PTSD (8%), cancer (4-6%) and seizures 
(3%).1 (More than one condition may be reported). Only 
1% of medical marijuana users listed glaucoma as the 
medical qualifying condition.

The level of evidence (quality of studies available) 
for marijuana therapy for these indications is moderate 
or substantial for only three indications:  chronic pain, 
chemotherapy-induced nausea and vomiting and insomnia 
(improving short-term sleep outcomes) (Table 1). 1  For 
these conditions, alternate therapies are either more 
effective or have fewer adverse effects. For example, 
marijuana alleviates chemotherapy-induced nausea, yet it can 
induce the cannabis hyperemesis syndrome. 2-5

Marijuana Laws, Marijuana Use and Adolescents 
A large proportion of youth in the US are exposed to 

marijuana. For US youth 15 to 16 years old, 35.8% are said 
to have used marijuana.6,7  One critical question is whether 
adolescent use of marijuana increases after marijuana laws 
are passed.  Here we consider both medical marijuana laws 
as well as recreational marijuana laws.  

Keyes et al. and Sarvet et al. found no overall increase 
in adolescent use of marijuana after the passage of MMLs.8,9  
Chu commented on the Sarvet study, “MMLs could 
encourage existing casual users to become regular or heavy 
users. As the majority of social costs are incurred by a small 
number of heavy users, the effects of MMLs on the intensive 
margin [heavy users of marijuana] must be evaluated 
carefully, as this is a significant policy implication.10  Chu 
further cited five studies that all showed an increase in adult 
use of marijuana after passage of MMLs.  Chu asked, “Why 
do MMLs affect adolescents differently from adults? For 

example, could MMLs reduce the black‐market supply and 
so limit adolescents’ access to marijuana? Or could making 
a substance legal or semi‐legal reduce teenagers’ preference 
for it?” 

In another study, Chu analyzed marijuana arrests 
among adult males following the passage of MMLs and 
found an increase in marijuana arrests among adult males by 
about 15-20%.11  Admissions to rehabilitation facilities for 
marijuana treatments similarly increased after the passage 
of MMLs. There is some concern that the perception of 
harmfulness of marijuana, possibly a key factor in lowering 
rates of adolescent marijuana use, may fall after MML 
passage. A fall in perceived harmfulness of marijuana in the 
general population has been noted8 and confirmed by Cerdá 
et al. in Washington but not Colorado.12  

Hasin et al. analyzed US national survey data collected 
in three periods from 1991 to 2013 from 118,497 
participants. They determined that the risk for cannabis use 
and cannabis use disorders increased at a significantly greater 
rate in states that passed MMLs than in states that did not.13

After recreational marijuana use was legalized in the 
state of  Washington, both eighth and tenth graders in that 
state perceived marijuana use as more harmless.12 Marijuana 
use increased in both grades following the passage of 
recreational marijuana laws. In Oregon, following similar 
legislation, rates of undergraduate marijuana use increased 
from pre- to post-2015, at a rate that was similar to the 
increase that was also observed at other universities in 
states where marijuana was still illegal.14  Increases in rates 
of undergraduate marijuana use were significantly greater 
in Oregon than in comparison institutions, but only among 
students reporting recent heavy alcohol use, an indication of 
co-morbidities in students with substance abuse.

In contrast, Colorado did not exhibit any differential 
change in perceived harmfulness or past-month adolescent 
marijuana use following legalization. Yet Jones et al. found 
the frequency of marijuana use in Colorado college students 

5 
 

 

 

Table 1.  Medical indications for marijuana and level of evidence1 

Indication Level of Evidence 
Anxiety (individuals with social anxiety disorders) Limited  
Chemotherapy-induced nausea, vomiting Substantial  
Chronic pain Substantial  
Glaucoma Limited 
Improving clinician-measured multiple sclerosis spasticity symptoms Limited  
Improving clinician-measured multiple sclerosis spasticity symptoms Limited  
Improving symptoms of Tourette syndrome Limited  
Increasing appetite/decreasing weight loss with HIV/AIDS Limited  
Insomnia (improving short-term sleep outcomes) Moderate  
PTSD Limited  
 
 

 

 

 

 

 

 

 

 

 

 

 

Marijuana laws, marijuana use and adolescents  
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is much higher than the national average, especially the 
percentage of daily or almost daily users.15 The same study 
found significant differences between the marijuana non-
users and the once a week or more marijuana users in grade 
point average.15 Cerdá suggests investment in evidence-
based adolescent substance use prevention programs in any 
additional states that may legalize recreational marijuana 
use.12 

Marijuana Laws, Children, 
Emergency Rooms, and Schools

Calls to Poison Control Centers have reported an 
increase in marijuana exposure among younger children.1  
Accidental ingestion of marijuana edibles has resulted in 
respiratory failure and coma.16,17 An increase in overall 
pediatric exposures has followed MML enactment.  From 
2000 to 2013, the annual rate of Poison Control Center calls 
for marijuana exposure for children younger than six was 
2.82 times higher in states that had  MMLs prior to 2000, 
than in states where marijuana remained illegal as of 2013.18 
Sergeant P. Bret Hinkle of the Marijuana Unit of the Denver 
Police Department cited instances of parents that grow 
marijuana and make it available to children.19  

Emergency rooms are seeing a relatively new syndrome, 
the marijuana hyperemesis syndrome.2,5  Persistent 
vomiting is observed in cannabis users, at a rate that has 
increased significantly in states where marijuana has been 
legalized.2  The number of emergency room visits for cyclic 
vomiting, including cannabis-induced vomiting, doubled 
since legalization in Colorado.3   Although hot showers are 
often recommended for cannabis hyperemesis, these are of 
variable effectiveness, as marijuana cessation appears to be 
the best remedy.4 Phelps County Regional Medical Center 
ER physician Dr. Francina Hoffman has seen her first cases 
in recent years. She said, “They [marijuana users] come in 
because they can’t stop vomiting.  We prescribe Phenergan 
or Zofran, but they are often noncompliant.  On the third 
ER visit, they get admitted.”5

Overall, the yearly rate of emergency department 
visits related to marijuana increased 35 percent after 
the legalization of recreational marijuana in Colorado.20 
The number of hospitalizations related to marijuana also 
increased steadily during this period, nearly doubling from 
2011 to 2014.20 

The superintendent of Rolla schools, Dr. Aaron Zalis, 
said that medical marijuana laws add work for school 
administrators.21 “There is more to unwind,” said Dr. Zalis. 
“Alcohol, opiates and marijuana, right now, all are illegal 
for juveniles ... The schools are required to check out all 
the drugs that students have ... The distinction of medical 

marijuana makes it a lot more complicated ... There will be 
more documentation and compliance with new regulations. 
Additionally, any legislation that makes marijuana available 
could lead to other substance abuse. I’ve always viewed 
marijuana as a gateway.  Based on the counselors that we 
work with, over a 34-year period ... [marijuana] leads to 
other things.21

Groups at Increased Risk of Adverse Effects of 
Marijuana

Epidemiologic evidence shows strong correlation 
between heavy marijuana use during adolescence and 
schizophrenia.22  Other evidence shows increased risk for 
schizophrenia with early use of marijuana in males. Onset of 
marijuana use in early adolescence (before age 16) has been 
associated with more severe psychosis.7,23-26  Recent findings 
using a polygenic risk score for schizophrenia and cerebral 
cortical thickness obtained from MRI imaging showed 
progressive thinning of the cerebral cortex in males with 
a high genetic risk for schizophrenia and early marijuana 
use.7  The researchers found no increased risk for females. 
Two factors may be responsible for increased vulnerability 
of males to schizophrenia with marijuana use: earlier onset 
of schizophrenia in males and sex differences in dynamics 
of brain development, with greater changes in male white 
and gray matter volumes in male adolescents compared to 
females.27,28 The anatomic locations in the brain for both 
schizophrenia and brain alterations with chronic use of 
marijuana are similar, involving especially the hippocampus 
and pre-frontal cortex.29

Users of High-Potency Weed: “Skunk”
There has been a general increase in the potency of 

available marijuana, with available marijuana quadrupling 
in strength from the 1980s to 2012.29,30 Sometimes 
called “skunk,” a name apparently generated by users’ 
comments about odor, the high-potency weed has higher 
levels of active cannabinoids.  Marijuana potency is usually 
judged according to concentrations of THC, the primary 
psychoactive constituent in marijuana.  Marijuana also 
contains other cannabinoids such as CBD, which has been 
thought to lack most of the psychoactive effects of THC 
and even to moderate the effect of THC.31 Uncertainty 
about the ameliorative effect of CBD on THC was raised 
by recent animal studies showing an increased THC level 
mediated by cannabidiol and cannabidiol inhibits  the 
metabolism  of  THC.32,33  There is no limit on the potency 
of marijuana in the US, as there is for example in some 
nations,  e.g. Uruguay.31,34  Fifteen states do have limits on 
THC content for a different purpose—to allow access to 
what are considered “non-psychoactive” products such as 
cannabidiol oil.1
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Volkow et al. noted in a review in the New England 
Journal of Medicine that higher marijuana potency raises 
concerns that the “consequences of marijuana use may be 
worse now than in the past,” and “may account for the 
significant increases in emergency department visits by 
persons reporting marijuana use and the increases in fatal 
motor-vehicle accidents.”29,35,36 The Volkow group also 
said, “This increase in THC potency over time also raises 
questions about the current relevance of the findings in 
older studies on the effects of marijuana use, especially 
studies that assessed long-term outcomes.”  

Freeman and Winstock showed that high-potency 
skunk marijuana resulted in greater memory impairment 
and likelihood of paranoia.31  Eighty-two percent of skunk 
users had memory impairment as opposed to 4% of users 
of “other types of grass.” Skunk was also more likely to 
induce a feeling of paranoia  than other types (78% vs. 7%), 
yet it remained by far the most preferred type of marijuana, 
giving  the “best high” and was the most available type of 
marijuana.31  

Adverse Effects of Marijuana on the Lungs: 
Chronic Bronchitis Symptoms 

The organ with best evidence for adverse effects from 
chronic marijuana use, besides the brain, is the lower 
respiratory system.  The National Academy of Sciences 
report1 found association between smoking marijuana on a 
regular basis and an increase in chronic cough and phlegm 
production as well as more frequent chronic bronchitis 
episodes.1  Quitting marijuana smoking reduces these 
adverse effects.  Tetrault et al. found a lower FEV

1
 in long-

term marijuana exposure.37  Hancox et al. found higher 
forced vital capacity (FVC), although other studies varied in 
their conclusions on objective measures such as FEV

1
 and 

FVC.1,38    

Brain Changes in Regular Users of Marijuana
Lorenzetti et al. reviewed anatomic brain changes in 

chronic marijuana users.39  Chronic marijuana use was 
defined as exposure to marijuana on a daily or almost daily 
basis. Most users in the study started smoking marijuana 
between the ages of 15 to 17 and continued for a duration 
between two and 23 years. Lifetime episodes of marijuana 
use, typically referring to the number of joints smoked, 
ranged from 402 to 5,625.  The brain abnormalities found 
were associated with higher levels of marijuana use, taking 
into consideration dosage, age of onset, and duration.  

The review found substantial overlap between the 
location of the changes in the brains of marijuana users and 
the location of concentrated THC receptors.39,40 The most 

consistent alterations, in comparison to control subjects, 
were found in the hippocampus and pre-frontal cortex.  
Yucel and Ashtari found a 12-13% volume reduction in the 
hippocampus.41,42  Additional groups found other changes in 
the hippocampus such as shape and gray matter content.43-46  
Changes in amygdala were also well documented.39   Figure 
1 shows the three areas of the brain for which morphological 
and functional changes are best documented.  

The brain regions most affected in regular users of 
marijuana, the hippocampus and regions of the cerebral 
cortex (parietal cortex, inferior frontal gyrus), are “integral 
components of the brain reward, memory, and executive-
attention systems.” This may explain the deficits that 
marijuana  users show in these areas.39,47-51  Rueda et al. cited 
work by Posner and Raichle showing that the regulatory 
effects of these executive areas “apply just as well to brain 
areas involved in processing the semantics of words, storing 
information in memory, and generating emotions such as 
fear and sadness.52,53  

Risks for Psychoses 
Alongside changes in major brain structures, marijuana 

has been repeatedly linked to an increased risk for psychosis. 
The review committee for the National Academy of 
Sciences found multiple high-quality studies that confirmed 
association between marijuana use and development of 
schizophrenia and other psychoses, including manic-
depressive disorder, hypomania, depression, and suicide, 
as well as well as a marijuana and psychosis dose-response 
relationship.1 In a recent review, Marconi et al. found 
substantial evidence for the ability of marijuana “to induce 

perspective

Figure 1.  Three areas of the brain for which 
morphological and functional changes are 
best documented.  
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long-lasting psychotic disorders.”54 Increased marijuana 
use was associated with a “higher risk of schizophrenia and 
other psychosis-related outcomes compared to nonusers.” 
Marijuana use has been “widely reported to induce acute 
psychotic experiences,55-57 to affect the severity of psychotic 
symptoms,58-59 and previous meta-analyses have reported a 
two-fold increase in the risk to develop a psychotic disorder 
in [marijuana] users compared to nonusers.”54 Following this 
pattern, in another study where “the history of [marijuana] 
use and a spot urine test for cannabinoids were obtained” 
for 137 persons diagnosed with schizophrenia in treatment, 
the “subjects who were using cannabis during the six-month 
observation period presented with a significantly higher 
degree of delusional and hallucinatory activity than those 
who did not. Moreover, the group using cannabis made a 
higher average number of visits to the hospital during the 
same period.”61 Not only does marijuana work to induce and 
increase severity of psychotic episodes,63 but marijuana use 
is also linked to “increased risk of relapse,64 earlier relapse,65 
longer inpatient stay,66 and an increased risk of violence and 
criminal activity67 as well as being associated with higher 
rates of transition to psychosis.68”69  Substance abuse 
(including marijuana, amphetamines, and cocaine) leads to 
increased mortality from overdoses.70  Rosen et al. found 
that substance abuse-linked illness, including overdoses, 
accounted for 27.6% of deaths among 169,051 male 
Vietnam-era veteran psychiatric patients, vs. 8.8% among 
psychiatric patients in the same group of veterans without 
substance abuse.70 In summarizing the link between chronic 
marijuana use and psychoses, the National Academy review 
stated: “The higher the use, the greater the risk..”1 

Persons with schizophrenia and substance abuse, 
including marijuana, amphetamines and cocaine,  are at risk 
of increased risk of relapse of schizophrenia symptoms71 
as well as increased mortality from overdoses.70  Rosen 
et al. found that substance abuse-linked illness, including 
overdoses, accounted for 27.6% of deaths among 169,051 
male Vietnam-era veteran psychiatric patients, vs. 8.8% 
among psychiatric patients in the same group of veterans 
without substance abuse.70 

Brain Regions Affected by Marijuana, Schizophrenia, 
and Earliest Areas of Alzheimer’s Disease Overlap 
and Symptoms are Similar

Sheline, Raichle et al. studied a group of functionally 
normal persons with PET scans using Pittsburgh Compound 
B (PIB) imaging.72   The PIB-positive PET scan patients 
were considered to have an early marker predictive of later-
onset Alzheimer’s disease.73  Early changes were found in 
and around the hippocampus, anterior and dorsal cingulate 
area of the prefrontal cortex and precuneus; most of these 

areas are associated with abnormalities from chronic 
marijuana use.39,74 

Further studies of preclinical Alzheimer’s disease used 
functional MRI for imaging with similar findings.75 Studies 
of schizophrenia have shown abnormalities in related brain 
regions.76-78  The clinical similarity between schizophrenia 
and dementia was observed in early descriptions of 
schizophrenia, which was termed “dementia praecox,” 
used to describe “a deteriorating process involving 
intellectual functions and behavior but no involvement of 
consciousness.”79  Clinical descriptions of schizophrenia, 
early dementia, and chronic marijuana use overlap.79  

Importance of the Default Mode Network
The discovery of the default mode network by Raichle 

and other researchers at Washington University was widely 
cited and confirmed by other laboratories.80,81  These linked 
hubs within the brain have been described as “orchestra 
conductors,” directing other specialized parts of the 
brain that can be compared to orchestra sections. Raichle 
said, “The [default mode network] is thought to behave 
something like an orchestra conductor, issuing timing 
signals, much as a conductor waves a baton, to coordinate 
activity among different brain regions.”82 

The functioning of the default mode network, the 
orchestra director in the brain, was further described by 
Andrews-Hanna.83 She surveyed new findings in psychology 
bolstered by imaging studies that showed the function 
of these midline core areas. The default mode network 
allows humans to “spontaneously and deliberately” engage 
in “introspective and adaptive mental activities,” thinking 
about the past and planning the future, placing high value 
on “personally significant information,” especially about 
‘friends, family members, and romantic partners.” 83

The areas of the brain83 affected by chronic marijuana 
use are very closely associated with the default mode 
network defined originally by Raichle and colleagues.  The 
results of chronic marijuana use are believed to negatively 
influence the ability to focus attention, to retain information, 
and to succeed in social roles.84 

Conclusions
In this review, we discussed the general impact of 

medical marijuana laws, changes in marijuana use after 
medical marijuana laws are passed, and groups at increased 
risk when restrictions on the availability of marijuana are 
loosened. Changes that occur in the brain with chronic use 
of marijuana are of primary concern, especially for males.  
Earlier use of marijuana, stronger marijuana, and those 
with schizophrenia or polygenic risk for schizophrenia are 
at increased risk for adverse changes in the brain. Similar 
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areas in the brain are affected in schizophrenia, Alzheimer’s 
disease, and chronic marijuana use. Research findings raise 
critical concerns for chronic marijuana users. Marijuana 
should not be considered a medicine or pure drug.
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“Technology is unlocking the innate compassion we have for our fellow human beings.” 
– Bill Gates

Technology impacts nearly every facet of our daily 
lives.  Yet, healthcare has adopted tech advances 
more slowly.  A decade or two ago, electronic health 

record (EHR) champions promised a sea change in patient 
care efficiency.  Although we can all now read each other’s 
notes, EHRs work only slightly less clunky than a decade ago 
at a hefty price.  Instead of speeding and enhancing care, 
many clinicians feel victimized by a “productivity paradox”.1  
Physicians lament the constant data entry responsibilities 
and time away from direct patient care.  EHRs and 
associated bureaucratic tasks have made arguably the largest 
contribution to the national epidemic of physician burnout.2 
3  

Mobile health information resources have had a more 
resounding and welcome impact for most doctors.  Indeed, 
point of care access to online medical journals, drug 
guidelines and clinical references like UpToDate threaten 
the obsolescence of medical libraries and textbooks.  The 
explosion of young healthcare startup companies throughout 
the country has invigorated doctors and investors over what 
health care soon will be.  With all this change, one cannot 
help wonder how to meld best of the old and the new.

We hear incessantly that payers and regulators seek 
“value” in health care.  (What a curious repurposing of 
that word.  Have patients never before found healthcare 
valuable?)  Care has “value” when patients receive evidenced 
based evaluations and therapies at reasonable cost - e.g. 
venous thromboembolism prevention perioperatively.  
Quality metrics are considered proof of value and therefore 
viewed as precious commodities.  With present EHR 
technology, reporting quality to payers and regulators has 

been laborious.  Countless resources in physician practices, 
health systems, government and industry are employed to 
mine “discrete data elements” from EHRs, insurance claims 
data, and pharmacy information repositories.   But like 
mining with a pick axe, finding high quality yield from EHRs 
has been a slow grind.  

To simplify quality reporting, some groups even 
advocate changing all physician notes to an automaton’s 
ledger of checkboxes.  (Coronary artery disease? - Yes.  
Having angina? - No.  Taking aspirin? - Yes…)  Indeed, a 
national health tech “expert” with an elite governmental 
position once chided me for not wanting to distill my notes 
to accommodate our limited data analysis capabilities.  He 
preached that a patient’s story and social history could 
not easily be extracted and quantitated from the EHR, 
and therefore had become antiquated fluff.  The message:  
physicians should serve the limited EHR, not the other way 
around.  Sadly, this revered government tech expert was a 
physician.

It seems laudable to prove to ourselves and others that 
physicians practice evidence based, cost effective medicine 
according to clinical best practice.  Strangely however, 
despite years of effort, our tactics above have yielded limited 
success.  For example, adherence to hospital-level quality 
measures in obstetrics do not consistently predict maternal 
and neonatal morbidity.4   In addition, publicly reported 
operative complications in Urology do not correlate well 
with adherence to perioperative quality metrics.5   Even 
financially incentivizing hospitals to prioritize quality metrics 
through “pay for performance” programs and “value 
based purchasing”, has not significantly impacted patient 
outcomes.6  

To date, health information technology (IT) has 
not fulfilled the high expectations.  To fix it, we must 
troubleshoot the disconnect.  Despite an era of smartphones 
and smartwatches, are health analytics still not that 
smart?  Or in our fascination with technology, have we left 
something out?  The answers may be yes and yes.

Artificial intelligence (AI) may prove the next great 
tech revolution since the internet.  AI might be defined 
as a computer performing tasks in a rational human-like 
manner.  Machine learning comprises a subset of AI, in 
which software algorithms attempt to predict future events, 
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after being trained in rule-based logic, pattern recognition 
and reinforcement techniques.  Deep learning, a sub-type 
of machine learning, utilizes artifi cial neural networks, 
loosely modeled after webs of neurons and synapses in the 
human brain.  Artifi cial neural networks are constructed in 
interacting layers, in which each layer performs a slightly 
different job.

Myr iad industries currently benefi t from artifi cial 
intelligence.  Machine learning techniques help computers 
translate acronyms or cursive writing into text based words.  
Google uses machine learning to improve online search 
quality.   Deep learning techniques have led to natural 
language processing improvements in Dragon dictation 
software used in hospitals and clinics around the country, as 
well as commercial voice chatbots like Amazon’s Alexa.  

A go ld rush of health related AI applications is expected 
soon, and the fi rst pioneers have already arrived.  IBM has 
poured billions of dollars and seemingly endless data into 
Watson, the company’s artifi cial intelligence platform and 
global leader in AI applications.  After reviewing charts 
from thousands of patients, IBM Watson’s cancer therapy 
recommendations correlated with those of physician-
led tumor boards in greater than 90% of patient cases at 
Memorial Sloan-Kettering and the University of North 
Carolina Chapel Hill.7  

A slew  of newer health related AI ventures are set to 
launch.  In May 2018, the U.S. Food & Drug Administration 
(FDA) approved use of OsteoDetect, a machine learning 
based detection and diagnostic software.  OsteoDetect can 
identify wrist fractures on plain fi lm X-rays, and is designed 
as an adjunct to a Radiologist’s read.  According to the 
company’s research, OsteoDetect improved Radiologists’ 
sensitivity, specifi city, positive and negative predictive values 
compared to readers’ unaided performance.8   In the 
same month, the FDA gave the go-ahead to the NeuralBot 

System by Neural Analytics for commercial marketing and 
patient use.  Using machine learning, Neural Analytics has 
demonstrated that its robot can adjust transcranial doppler 
ultrasound to optimize imaging at the bedside for stroke 
patients, equivalent to a trained technologist.9  

Recent pub lications suggest many routine clinical 
duties might become easier soon.  Early in 2018, the FDA 
green-lighted a cloud-based AI software program called 
IDx-DR, developed by an Iowa company called IDx LLC.  
Using a retinal camera, a primary physician could obtain 
screening retinal pictures in his or her offi ce, and upload the 
images for IDx-DR analysis.  The primary physician would 
then receive prompt feedback about whether the pictures 
revealed more than mild diabetic retinopathy necessitating 
referral to an Ophthalmologist.  In a similar vein, a German 
team showed that deep learning neural network could 
slightly out-perform Dermatologists in discriminating 
melanomas from benign nevi on dermascopic images.10  
Multiple labs have shown progress toward developing an 
AI-based model to automate Warfarin prescribing.11 12  By 
evaluating brain PET scan images, a novel machine learning 
algorithm can predict which patients with mild cognitive 
impairment will progress to Alzheimer’s dementia in the 
following 24 months.13

The potenti al impact of AI on population health 
management appears massive.  At the Clinical Machine 
Learning Lab of the Massachusetts Institute of Technology 
(MIT), researchers hone and apply probabilistic modeling 
and deep learning to EHRs.14  Working with colleagues 
at New York University (NYU) School of Medicine, these 
powerful tools studied over 950 clinical and lab test variables 
per person, in a population of 790,000 patients.  This 
population health based AI analysis predicted diabetes onset 
accurately, outstripping classical prediction models.15

image of iBM watson 
assisti ng in radiology 
diagnoses, on display at 
the radiology society of 
north america (rsna) 
conference in 2016 in 
chicago, il. 
Source: htt ps://rsna2016.
rsna.org/dailybulleti n/index.
cfm?pg=16mon71
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AI should p roduce smoother, more realistic voice 
recognition, unprecedented diagnostic aids, and markedly 
decreased clerical duties.  Some will say the sky is falling and 
fear that physicians would soon be replaced by machines.  
Physician leaders say no chance that happens anytime 
soon.16  When I was a resident, on service at the VA, my 
colleagues and I routinely drew patients’ blood and spun 
down urine samples ourselves in the middle of the night - 
all jobs now automated and delegated.  I remain grateful 
for those formative late night experiences in my training 
years.  Given the choice, I would do it all over again - during 
my training.  But I prefer not to do them now.  Physicians 
have since found other productive ways to stay occupied.  
Similarly, as artifi cial intelligence permeates clinical practice, 
physicians should simply have more time to practice high 
level care - more time at the bedside, learning, leading care 
teams, innovating and talking to one another.  A premium 
would be placed on physician knowledge and judgement, 
compassion and understanding of the individual patient.17 18  
Physicians should collectively insist that new tech moves us 
in this direction.  

As artifi cia l intelligence infl uences medicine in the 
coming decade, how will medical practice look?   With the 
wind of inertia at their back, some health care infl uencers 
will predictably demand an even greater focus on status quo 
quality measurements.  I believe we should do better.  What 
if the tremendous power of AI were to reinvigorate the 
patient-doctor relationship?  

What if we c ould do predictive modeling from both 
objective data sources and subjective patient feedback?  Not 

surprisingly, evidence suggests that predictive analytics of 
patients’ self-reported symptom changes can powerfully 
predict outcomes among dialysis patients.19  Furthermore, 
deep learning tools can scan and accurately identify mental 
health conditions from individuals’ subjective descriptions 
on social media posts.20  

Intuitively, p hysicians know that patients’ personal 
stories, their perceptions of symptom fl ux and their 
experience of illness have always been vital to high quality 
care.  The personal interchange and bond between patient 
and physician have always been paramount to the humanity 
of high quality medicine.  But in recent history, EHRs and 
other databases have had no way to evaluate this softer side 
of medicine.21   As such, the obsession with current quality 
metrics may have led us to devalue the human connection in 
medicine.  It would be no small irony if the era of artifi cial 
intelligence were to refocus our attention on the patient-
doctor relationship.  But what a bright future that would be.
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Editor’s Note
See “Quantum Computing The Potential of Quantum 

Computing and Machine Learning to Advance Clinical 
Research and Change the Practice of Medicine,” in this 
issue on page 463. MM
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Leading the Way:  Women in Missouri Medicine
by Joanne Loethen, MD & Lauren Umstatt d, MD

Joanne loethen, Md, MsMa 
member since 2016, is a resident, 
internal Medicine and pediatrics, 
university of Missouri - Kansas 
city, Kansas city, Missouri. 

christi ne Franzese, Md, is a 
general otolaryngologist and 
allergist at the university of 
Missouri, columbia, Missouri.

We reached out to fi ve prominent female physicians who continue to pave the way for women in medicine and serve as 
inspiration for all physicians in Missouri. As leaders in their respective specialties, they provide personal insights and advice 
to current/future physicians, highlight unique attributes women bring to medicine, and discuss career challenges women 
continue to face. A compilation of their answers follows. 

Bett y M.  drees, Md, MsMa 
member since 2000, is an 
endocrinologist and former dean 
at university of Missouri - Kansas 
city school of Medicine and 
contributi ng editor for Missouri 
Medicine.  she was recently 
appointed as president stowers 
insti tute graduate school. 

debra Koivunen, Md, MsMa 
member since 1990, is a surgical 
oncologist at the university of 
Missouri, columbia, Missouri.

laura Miller-smith, Md, MsMa 
member since 2012, is a pediatric 
intensivist at children’s Mercy in 
Kansas city, Missouri.

laura dooley, Md, is a Head & 
neck surgical oncologist at the 
university of Missouri, columbia, 
Missouri.

lauren umstatt d, Md, MsMa 
member since 2011, is a resident, 
department of otolaryngology - 
Head and neck surgery, university 
of Missouri, columbia, Missouri.
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If you could give one piece of advice to a room full of 
female medical students or early-career physicians, 
what would it be?

•	 Find a variety of successful people at different stages 
in their careers and ask them to mentor/sponsor 
you. A sponsor is someone that promotes you and 
the things that you’re doing/working on. 

 -Dr. Franzese

•	 Know yourself well, including your strengths, 
weaknesses, values, and what brings you joy. If 
you do, you can set career and personal goals that 
align with both a successful career and a personally 
satisfying life. Find a career path that you enjoy so 
much that you still look forward to getting up and 
going to work every day when you’re 50 and older. 
-Dr. Drees

•	 Be prepared to work hard. 
 -Dr. Koivunen

•	 Awareness of the areas where you need improvement 
is not a bad thing, but it should always be put in 
the context of everything that has been and will be 
achieved. It’s important that positivity takes up a 
bigger portion of your thoughts than negativity. 

 -Dr. Miller-Smith

•	 Figure out what makes you happy – a lot is expected 
of you, so making sure you like what you are doing 
makes it doable. 

 -Dr. Dooley
 

Are there any quotes you think of often or live your 
life by?

•	 My magic is never giving up. There will be obstacles 
and setbacks that we encounter, but we can 
overcome them. We shouldn’t give up. There’s 
always a way around these obstacles or another 
solution to the problem. 

 -Dr. Franzese

•	 “Unless we change direction, we are likely to end up 
where we are headed,” Chinese Proverb. Don’t be 
afraid to make changes if what you are doing is not 
satisfying or not meeting your goals. 

 -Dr. Drees

•	 “Do onto others as you would have them do onto 
you,” or treat everyone like they were a beloved 
family member. 

 -Dr. Koivunen

•	  “You can have it all, just not all at once,“ Oprah 
Winfrey. I try to be fully at work when I am at work 
so that when I am home I am fully at home. 

 -Dr. Dooley
 

According to the AAMC Physician Workforce Data 
Report which analyzed physician workforce data by 
state, the median percentage of female physicians 
was approximately 33% in 2016. In your opinion, 
what more can the medical field (or specific 
specialties) do to enhance the participation of female 
physician in the workforce?

•	 Maternity and paternity leave. Childcare and 
childrearing are not just female things – there 
should be better available childcare options for 
both genders. Also, zero tolerance for any kind of 
harassment/discrimination. 

 -Dr. Franzese

•	 Fair and transparent compensation and expectations 
across specialties and positions is important in 
enhancing women’s participation in all aspects of the 
healthcare workforce.  

 -Dr. Drees

•	 Thoughtful planning and working with their 
supervising faculty will find the correct balance to 
allow child-bearing to coincide with education/
training. As our profession matures and the 
complement of younger physicians increases, the 
needed flexibility for female physicians is growing. 
-Dr. Koivunen

•	 Encouraging girls to pursue science at a young 
age, with mentorship about the career possibilities 
including medicine. 

 -Dr. Miller-Smith

•	 We need to change the culture - support each other 
and advocate for each other. 

 -Dr. Dooley
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What unique challenges do women face in careers, 
such as medicine, that require advanced education 
and training?

•	 Childbearing and potential complications that go 
with it. 

 -Dr. Franzese

•	 Perception bias of women’s leadership ability that 
may result in them being overlooked for promotions 
and leadership positions. Leadership ability can be 
enhanced with training and experience.  

 -Dr. Drees

•	 The demands of this profession are not going to 
change, but more flexibility will become evident.  

 -Dr. Koivunen

•	 We are also still not thought of as the doctor or the 
surgeon when we walk into a room. Patients will 
trust a male intern immediately as the doctor while I 
just explained and am the one making the plan. 

 -Dr. Dooley

What can women do today to better promote 
themselves within medicine?

•	 Speak up and support each other. Promote other 
women. 

 -Dr. Franzese

•	 Without being overly assertive, women 
can still promote themselves…if you have 
accomplished something (such as a publication, 
etc.) make sure others know it. Don’t be afraid 
to get into conversations and display your 
competence. Network. 

 -Dr. Koivunen

•	 I think women are better listeners, and do 
exceedingly well at garnering information from 
multiple parties, but we also need to do better at 
speaking out with authority and confidence. It is 
people who present themselves with confidence and 
knowledge who are offered opportunities. 

 -Dr. Miller-Smith
 

In your opinion, what unique attributes do women 
bring to the table as medical professions?

•	 Common sense, level headedness, compassion, and 
the ability to see both sides. 

 -Dr. Franzese

•	 Women may facilitate a culture and environment of 
inclusivity in the workplace.  

 -Dr. Drees

•	 Sometimes we are more prone to show our 
emotions (touching a patient, etc.) which makes us 
more approachable. 

 -Dr. Koivunen

•	 Men and women both can be excellent physicians 
and what makes a good physician is not related to 
having the XX chromosomes. Patients may be able 
to open up to women physicians more and are more 
willing to share and connect. 

 -Dr. Dooley
 

What impact, if any, did life-work balance play a role 
in your selection of specialty?

•	 Pick and choose the non-work activities carefully 
and outsource the chores and services you don’t 
have time to do or don’t like. It’s important not 
to short-change the relationships you have outside 
of work with family, friends, and the activities that 
bring you inner joy. 

 -Dr. Drees

•	 None. I wanted to be a surgeon, I still love being a 
surgeon, and I figured the rest would work itself out 
with the appropriate attention/planning on my part. 

 -Dr. Koivunen

•	 It was important to me during residency to find a 
subspecialty that would allow me to have a favorable 
life-work balance that could be sustained through 
my career. Life-work balance is a personal thing, 
and is impacted by so many factors in life. But there 
are also so many different specialties/subspecialties 
that I think there is always a way to meet your own 
personal goals. 

 -Dr. Miller-Smith
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MsMa women in leadership. Front row, from left : drs. sandra ahlum, peggy Barjenbruch, sharon wallace, ramona Behshad, rebecca Hierholzer, and 
lirong Zhu.  Back row, from left : drs. Joanne loethen, Bett y drees, amanda turner, and lisa thomas. Below, from left : drs. sri devi Kolli, sarah  Florio, 
and Jo-ellyn ryall.
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•	 I was drawn to ENT and knew that I had to find 
something that I was interested in and loved. You 
have to like/love your job and work to then be happy 
in life. 

 -Dr. Dooley

How have you seen the presence and/or influence 
of women in medicine change from the start of your 
career to now?

•	 It’s better but it still has a long way to go. 
 -Dr. Franzese

•	 There are more role models for success across 
specialties. It is important for individuals to see 
people like themselves who are successful, so 
that they may more easily visualize themselves 
as successful, too.  Expecting to succeed is very 
powerful in realizing that outcome. 

 -Dr. Drees 

•	 There are more women, more in leadership roles, 
and we are taken seriously by our male counterparts. 

 -Dr. Koivunen

•	 In medical school I was exposed to women 
“mentors” who seemed to think that in order to 
compete with men, they had to act like them. More 
recently, the strong female physicians with whom I 
work recognize that they can be themselves, however 
feminine that may or may not be. It’s not a man or 
woman’s world – healthcare is inclusive of everyone 
and we perform best when we are true to ourselves. 

 -Dr. Miller-Smith

•	 I see the great need for role models that are similar 
to you, not only in your field but in your situation in 
life. Just someone to look up to and say - they made 
it, I too will survive. 

 -Dr. Dooley

 

What advice would you give your younger career 
self?

•	 Keep an open mind to new opportunities. 
 -Dr. Drees

•	 Work hard, but take time to take care of 
yourself. Find a way to “give back”…volunteer 
activity, teaching, etc. 

 -Dr. Koivunen

•	 Enjoy the journey more, and not be afraid to take 
some side roads. The goal of life is not some far off 
endpoint down the road, but living each individual 
day to its fullest. 

 -Dr. Miller-Smith
 

Any additional thoughts or comments to share for 
Women in Medicine Month?

•	 Men and women are together in this and we need 
the support of both genders. So even in a “Women 
in Medicine month” there’s still men there. You just 
have to look a little closer. 

 -Dr. Franzese

•	 Better work environments are better for everyone, 
not just women. 

 -Dr. Drees

•	 Medicine, regardless of the specialty, is a wonderful 
career. At the end of the day, the help you give to a 
patient (and the gratitude they express) outweighs 
the negatives. 

 -Dr. Koivunen

perspective

For complete answers from their responses, visit:  
https://www.dropbox.com/s/pfhs99gu07j720q/
Full%20Text.Women%20in%20Medicine.
pages?dl=0 
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AS I SEE IT

What We Owe To Each Other
by Frances Mei Hardin, MD 

Frances Mei Hardin, Md, MsMa 
member since 2017, is in the 
department of otolaryngology, 
university of Missouri, columbia, 
Missouri. above, she is shown as 
MsMa physician of the day at the 
Missouri Capitol in 2018.
Contact: hardinf@health.missouri.edu

A starter kit of life-affi  rming ideas and suggesti ons beyond the hospital setti  ng.

… That we take good enough care of ourselves that 
we are tolerable, even enjoyable, to work alongside.  There 
is immense value in fi nding outlets to release some of the 
stress that accumulates over the course of the surgeon’s 
day. Having hobbies and various outside interests can also 
play a critical role in building up resilience to workplace 
demands. The purpose of this writing is to emphasize the 
importance of fi nding stress-relieving activities, and to offer 
some suggestions about where to start, for those who are in 
search of ideas.

Batti  ng Cages
During my residency I have already graduated from 

having never swung a bat to the proud owner of an 
aluminum Easton. It turns out that America’s favorite 
pasttime is also a phenomenal anger management 
technique. There’s something satisfying about it on a 
visceral level.

Driving Range
Fun for even the golf-naive person. See reasoning 

above. 

Salt Water
Best put by author Karen Blixen, “The cure for 

anything is salt water: sweat, tears or the sea.”1 

Mindfulness Apps
As a benefi t of this digital age, there are countless 

mindfulness apps such as Headspace and Calm. If there 
are fi ve to ten minutes to spare at bedtime, for instance, 
the apps have modules that walk the listener through 
meditation and relaxation pathways. There is evidence that 
engaging in mindfulness practice even only a few times per 
week can lead to reduced rumination, increased focus, less 
emotional reactivity, and more cognitive fl exibility. Who 
among us wouldn’t benefi t from that?

Pet Ownership
One of my greatest happinesses comes from the simple 

act of dressing my cat in a Red Sox jersey. While she does 
not derive similar enjoyment from the experience, it’s a 
great way to bring some levity into the home. 

Moisturizer
Lavender has long been known as a stress-reducing 

scent, so I make a point of searching out this ingredient 
in lotions. Moroccan oil products are currently having a 
moment in the sun, and can be applied broadly to the skin, 
hair, or nails. 

edley in her (my) favorite red sox jersey. 
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Baking
My best work as a baker 

has been in honing a jumbo 
chocolate chip cookie recipe 
that I found on the internet. 
There’s no going back to 
regular-size cookies at this 
point. 

Local Alpacas
Sycamore Creek Farm, 

located in Rocheport, 
Missouri, is a truly magical 
place where the owners 
generously allow visitors to 
tour the grounds, feed the 
alpacas, and take selfi es.

New Writi ng Utensils
There is no limit to the fun I have looking for new, 

fi ne-tip pens. These are essentially objects of happiness that 
can be brought anywhere in the workplace. So far, I am 
most taken with the Pilot G-2 0.38mm tip numbers, and 
Pigma Micron pens 0.2mm.

selfi e with chloe the alpaca, from sycamore creek Farms.

  
Tequila Pineapple

Recommend Casamigos 
tequila or bust (with all things 
in moderation). 

Coworkers and patients 
can sense, and certainly 
appreciate, a joie de vivre 
when it’s there. There are a 
myriad of hobbies and interests 
that can buoy our sense of 
happiness and self in times that 
there is disruption of those 
things in the workplace. 

Disclaimer
This article was not sponsored by Easton bats, 

Headspace, Calm, Sycamore Creek Farms, Pilot, or 
Casamigos, but if any of these institutions would like to 
reach out, I’ll be available.
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Sulla Strada di Nuovo... “On the Road Again” 
by Joseph A. Corrado, MD

Joseph a. corrado, Md, Facs, a 
surgeon from Mexico, Mo., and 
MsMa member since 1982, is MsMa 
president for 2018-2019.
Contact: bigdocjoe@sbcglobal.net

As I continue my journey as your President of 
MSMA, I truly feel blessed to be representing my 
fellow physicians of Missouri.  After I left the MSMA 
meeting at the Lake of the Ozarks in July, MSMA 
Executive Vice President Patrick Mills and I headed 
to Joplin and the new campus of the Kansas City 
University College of Osteopathic Medicine to join 
in their white coat ceremony. Several distinguished 
deans and faculty, including David E Tannehill, DO, 
President of MAOPS, and I presented white coats to 
over 150 budding physicians, the incoming class of 
2022. You could see the excitement in their faces as 
they donned their white coats for the first time. It was 
quite inspiring, renewing the feelings of why I chose 
this profession. We were most cordially welcomed 
and learned that nearly 40% of KCU alumni practice 
in rural and underserved areas, and that 60% are in 
a primary specialty.  We toured a modern, impressive 
campus with the students, who showed us one of 
the most advanced simulation labs in existence. It 
is gratifying to see how interested and eager these 
physicians-in-training were to become a part of 
organized medicine.

In mid-August, it was off to join our colleagues 
in West Central Medical Society in Nevada, Missouri.  
There we were escorted by our immediate past 
president, Warren Lovinger, MD, and his wife, 
Marilyn. We felt we were among friends. You know, 
just down the street from my home in Mexico is 

a sign on Highway 54 saying “Nevada 199” miles.  
Driving that whole road for the first time, we were 
awed by how beautiful and diverse our state is. We met 
with several assistant physicians, and found out, first-
hand how valuable that program has been for them and 
their community.

At the end of August, my wife, Donna, and I drove 
to Louisville to the Kentucky Medical Association’s 
168th annual meeting.  We attended their association 
leadership reception and watched as outgoing President 
Maurice Oakley, MD, installed Bruce A. Scott, MD, as 
their new president. Bruce, as you may  know is the 
AMA Vice-Speaker of the House of Delegates. Their 
invited speaker was Frank Abagnale, Jr., the original 
2002 Spielberg film “Catch Me if you Can.”  He gave a 
riveting expose of his life and how he had impersonated 
an airplane pilot and flew millions of miles, a lawyer, 
and a real physician, all before the age of 21. A great 
imposter! From his youthful escapades he turned to 
the right side of the law as an FBI trainer, enlightening 
us on an insider’s knowledge of identity management.  
It’s truly eye-opening and frightening to know how 
much the government and our electronic devices know 
about us. One interesting fact we learned was that our 
printer’s hard drive retains information and should 
be destroyed. They had a wonderful display called 
“Beyond the White Coat,” featuring their doctor’s 
past-times outside of medicine. On display was art, 
books, jewelry, flowers, film, dance, music, even a 
hot air balloon! This gave a real feel for the diversity 
of personality of their physician members.  Oh, did 
I tell you that Kentuckians know how to party and 
that the bourbon was flowing?  Now I know why the 
Massachusetts and New Jersey Presidents were also 
there! Also joining us was Barbara McAneny, MD, 
current AMA President, part of a fireside chat on 
leadership.

Just recently, we joined Nebraska Medical 
Association in Omaha as members celebrated their 
150th anniversary. Robert Rhodes, MD, handed the 
gavel to Britt Thedinger, MD, another ENT specialist.  
There, NMA reiterated that there is strength in 
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numbers which can make a difference at 
both the state and national levels.  We heard 
of the physician burnout rate being as high 
as 54% and that there were 356 physician 
suicides in 2017.  Learning that Nebraska 
does not have a physician’s health program, 
of course, I touted the virtues of our excellent 
program, here in Missouri. They advocated 
for being agents of change, and that 9 of 10 
adults want a physician in charge of their 
medical team. Their mantra was not to allow 
untrained providers get the power of the 
prescription pad.  They were also quite proud 
of their new marketing campaign at Husker 
athletics: GO BIG RED -GO BIG MED with 
huge banners at the husker football games, 
and declaring how physicians in Nebraska 
care about patients, even an impressive 
radio media campaign with weekly medical 
panel discussions by their members. Medical 
students from Creighton and University of 
Nebraska School of Medicine were in the 
programs, showimg us their new curriculum 
changes, to include more about the ethics, 
business, and advocacy part of medicine. We 
heard from C.T. Lin, MD, of Colorado, a chief 
medical information offi cer of a seven-hospital 
400-clinic system, who achieved HIMSS’ 
highest achievement in EHR effectiveness, 
and how important a physician-patient 
communication was in improving health 
outcomes across the board. 

Home at last, we met with our own 
Audrain County Medical Society and discussed 
how the possible hospital acquisition by the 
University of Missouri Health System may 
change our practice patterns and delivery of 
care here in Mexico.  We wait patiently as 
negotiations unfold.

On the horizon, we have one more 
contiguous state to visit, that will make eight. 
Topeka, here we come! We look forward 
to joining many more of your local society 
meetings in the future. It never ceases to 
amaze me that wherever I go, our MSMA staff 
is so highly regarded. And so, for now…Ciao! Massachusett s: dr. corrado and alain a. chaoui, Md, president, Massachusett s. 

Kentucky: Maurice oakley, Md, outgoing Kentucky president, dr. corrado, Bruce 
a. scott , Md, incoming president.

nebraska: dr. corrado, Britt  thedinger, Md (president, nebraska) Michael 
romano, Md (president, iowa).

MM
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Did you make the news? Submit your success story and photo to hwansing@msma.org.
Missouri Medicine in the News

Missouri Medicine in tHe news

Missouri Medicine Accepted into PubMed Central, 
and Continues Posting in PubMed

Missouri Medicine: The Journal of the Missouri State Medical 
Association, is pleased to announce that after a thorough 
review, PubMed, the indexing service of the National 
Library of Medicine (NLM), will continue to index our 
Journal.  

PubMed has indexed Missouri Medicine since 1966. 
Prior to 1966, Missouri Medicine articles were indexed 
by OLDMEDLINE, which consisted of journal article 
citations from two print indexes: Cumulated Index Medicus 
and the Current List of Medical Literature, and created by the 
National Library of Medicine from 1946 through 1965. 
OLDMEDLINE records, most of which are included in 
MEDLINE database, can be searched via PubMed 

New technical requirements regarding uploading 
content in an XML format have been attained by using the 
services of Digital Conversion Labs.  

After a separate review, PubMed Central, a free full-
text archive of biomedical and life sciences journal literature 
at the NLM/NIH has also approved Missouri Medicine for 
inclusion. Previous (digital-only) issues dating from 2010 
are in the process of being uploaded.  These new and 
updated services are critical to our Journal to remain one 
of the foremost state medical journals in the United States, 
and to be certain all content is available at all world data 
bases and literature electronic literature searches.  

Jessica D. Bauerle, MD, MSMA 
member since 2016, has been appointed 
the newly created position of Young 
Physician Contributing Editor to Missouri 
Medicine. She will begin a three-year term 
January 1, 2019. Dr. Bauerle is a practicing 
pediatric anesthesiologist in the St. Louis 
metropolitan area. Dr. Bauerle has an outstanding record of 
academic achievement, scientific publication, participation 
in medical education, and national and international 
community service. She has contributed chapters to three 
medical texts.  She will represent the interests of young, 
early career physicians.

Charles Lederer, 
MD, MSMA member 
since 1982, former 
ophthalmology 
editorial board 
member for Missouri 
Medicine, received the 
Golden Medallion 
Award for Lifetime Achievement from the Missouri Society 
of Eye Physicians September 28, 2018.  Dr. Lederer also 
recently received the Hal Foster Lifetime Achievement 
Award from the Kansas City Society of Ophthalmology & 
Otolaryngology. From left, residents under Dr. Lederer: 
Jonathan Drummond, MD, Denise Hug, MD, Charles 
Lederer, MD, Abraham Poulose, MD.

Esteemed physician and educator 
Betty M. Drees, MD, FACP, MSMA 
member since 2000, was recently 
appointed president of the Graduate 
School of the Stowers Institute 
for Medical Research. She is also a 
Contributing Editor to Missouri Medicine.
Dr. Drees is Dean Emerita and the immediate past dean of 
the University of Missouri-Kansas City (UMKC) School of 
Medicine. 

Frederick Fraunfelder, MD, MBA, 
MSMA member since 2014, has been 
appointed Assistant Dean for Faculty 
Affairs at the University of Missouri School 
of Medicine by Patrick Delafontaine, MD, 
Dean of the MU School of Medicine, and 
also an MSMA member.

Congratulations, Raghav 
Govindarajan, MD, on receiving 
the 2018 Advocacy Award from the 
American Association of Neuromuscular 
& Electrodiagnostic Medicine for your 
longstanding work with electrodiagnostic 
medicine. MSMA appreciates your 

membership support since 2013.
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Missouri 
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Disposal 

SteriPort Solutions offers:
•	 Flexible	scheduling	&	on-call	service
•	 No	long-term	contacts
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573-442-5040

Physicians Needed for
Outpatient Exams

EDITORIAL BOARD OPENING: PSYCHIATRY AND 
PULMONARY MEDICINE

Missouri Medicine has openings on its Editorial 
Board for Psychiatry and Pulmonary Medicine. 
Applicants must be board certified and a member 
in good standing of MSMA. Membership in state 
and national organizations is highly desirable. Duties 
will include peer-review of papers within the field of 
Psychiatry and Pulmonary Medicine. This generally 
will not occur more than once/year. There are no 
meetings but approximately once every other year 
editorial board members may be asked to either author 
a paper or help procure willing authors on specific 
subjects within Psychiatry and Pulmonary Medicine. 
Candidates that have published extensively or who 
are involved in research, education, or who have 
academic appointments are given special consideration.  
Appointments are for one calendar year and are 
annually evaluated by the Editorial Board. Please submit 
your CV to Lizabeth Fleenor (lfleenor@msma.org) by 
November 21, 2018.

Tri-State Occupational Medicine, Inc. (TSOM) is 
looking for physicians to perform 

disability evaluations in MO.  

Part-time. No treatment is recommended 
or performed. No follow up.  

Travel within SE MO will be necessary. 

Contact:  Susan Gladys 866-929-8766  or 
susang@tsom.com

Edmund Landry, MD, recently 
joined the Regional Physician Services 
team in Kennett. MSMA appreciates your 
membership since 2001.

MSMA is 
proud to have young 
physician, Melissa 

Rooney, MD, as a member since 2015. 
We’d like to wish her well in her new 
endeavor with Parkland Health Center 
of Bonne Terre, Mo.

MSMA would like to congratulate 
MSMA member since 1993, John 
Sanfelippo, MD, on joining SSM 
Health Medical Group in Jefferson 
City.

MSMA is 
proud of our member James Womack, 
MD, for utilizing advanced technology 
at Golden Valley Memorial Healthcare. 
Thank you for your membership since 
2011. 
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The Greene County Medical Society seems to always 
be in motion.  Ably led by GCMS Presidents Dan 
Pinheiro, MD, in 2017 and Matt Stinson, MD, in 

2018, GCMS continually works, along with our colleagues 
at MSMA, to meet the challenge of supporting our 
physicians and the patients they serve in our communities, 
and in our state.  

This past year has been particularly rewarding as we 
celebrated GCMS’s own David Barbe, MD, as the first 
Missouri AMA President in ninety years.  David, with his 
wife Debbie by his side, took the oath of office June 13, 
2017.  Several proud GCMS and GCMS Alliance members 
made the trip to Chicago to cheer him on.

Dr. Barbe is a practicing Family Physician in Mountain 
Grove Missouri and serves as Vice President for Regional 
Operations at Mercy Health in Springfield Missouri; he is 
also a former MSMA President.

In addition to his AMA duties and hectic speaking 
schedule nationwide, David found time to formally address 
the GCMS membership on two occasions.  On October 
24, 2017, he spoke on the Opioid Crisis at Jordan Valley 
Community Health Center; this GCMS meeting was hosted 
by Dr. Stinson and was attended by many community 
leaders, including the Mayor of Springfield. On March 
20, 2018, Dr. Barbe along with his wife Debbie, spoke 
on Physician Burnout; this well attended GCMS dinner 

was sponsored by the GCMS Alliance.  
Dr. Barbe has also written monthly articles for the 

GCMS Journal on topics ranging from Gun Violence in 
America (encouraging us to use an evidence-based approach 
and treat the issue as a Public Health crisis) to Physician 
Leadership, and Hypertension recognition and control.  
You may read Dr. Barbe’s articles, along with reports of 
his presentations online by going to the GCMS web site 
at GCMS.us, and clicking on Journals.  You will also find 
reports on GCMS activities and original articles from GCMS 
physicians of all specialties on various topics, along with 
GCMS supported ventures such as the Child Advocacy 
Center, the Victim Center, and the Family Justice Center. 

 The GCMS is currently attempting to update all 
member information in an online directory; we anticipate 
that this will take several months, but this endeavor will 
hopefully give us the opportunity to recruit new members as 
well.  We also would like to work with the GCMS Alliance 
to increase our family friendly events for GCMS members 
and their families, in an effort to help prevent physician 
burnout.  We have initiated an Opioid Crisis Committee to 
work both with our Springfield/Greene County Department 
of Health and a broad based community coalition.  

GCMS Past President Dr. Pinheiro hosted our GCMS 
HPV 2017 Conference at the Metropolitan Grill the event 
was sponsored by the GCMS Van Smith Foundation. Our 
President Elect, Shannon Woods, MD, recently hosted 
a very successful Sports Medicine Conference at Cox, 
partially supported by the GCMS.  Both conferences 
were open to all community physicians and health care 
professionals.

In addition to Dr. Barbe, we are also proud of our 
GCMS Executive Director Cathy Leiboult, who is our heart 
and soul, as well as the GCMS Alliance with their many 
accomplishments over the past year.  Please read their 
report below.

At the AMA Alliance Annual meeting in Chicago in 
June, Greene County Medical Society Alliance won their 
third Health Awareness Promotion (HAP) Community 

Greene County Medical Society

Always in Motion

Matthew l. stinson, Md
2018 gcMs president
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Health Project award for our project “Taking Care of the 
Physician Family.”  We previously won for our Smoking 
Makes Me Ugly! and Pills Are NOT a Party! projects.  This 
is the AMAA’s top award and is given in three categories: 
Opioid Initiative, Fund Raising, and Community Health.

The Greene County Alliance has a passion for focusing 
their energies on health issues affecting the community. 
After hearing Dr. Kim Blackham speak at the 2015 
AMAA meeting, they decided to focus their efforts on 
strengthening the physician family.

 Physician burnout affects the health and happiness 
of the family, so in 2016 we changed the focus of their 
Doctors’ Day celebration and received support from 
Ferrell Duncan Clinic and Mercy Health System to bring MM

in a speaker at a catered dinner, open to all physicians 
and spouses in the area. At the fi rst event in March 2016 
Dr. Kim Blackham addressed strengthening the medical 
marriage, and our physician evaluations were all very 
positive.

 After hearing Dr. Samantha Meltzer-Brody at the 
AMAA meeting in 2016, the Alliance immediately booked 
her for the next event in 2017. Dr. Meltzer-Brody is the 
founder and director of the Taking Care of Our Own 
Program, targeting physician burnout and strengthening the 
physician family.

 She suggested increased social activities targeting 
physician families, noting that physicians need more 
down time and social activities with others in the same 
profession.  Last fall the Alliance held a Smallin Cave tour 
and catered picnic, which included games for the children. 
In the winter, they held a Physician Family Night at the 
Museum, renting the Discovery Center after hours and 
featuring child-friendly food, and cookie decorating.

 Fun, food, and fellowship with others who understand 
the stress of the profession resulted in the Alliance making 
a positive difference in the community of medicine. These 
events were open to all physician families regardless of 
membership and were actively publicized by the health 
systems in the community. The families that participated 
really seemed to enjoy themselves; many said they are 
looking forward to the next activity. They were happy for 
the opportunity to visit with other physician families, and 
the Alliance knows these events helped to strengthen the 
family bonds. A physician who is happy at home is often 
happier at work and better able to handle the pressures that 
medicine presents.

 Our Alliance also has a social called Wine Time for 
physicians and their spouses on the third Tuesday of each 
month at a local wine bar. This is a casual, no reservation 
activity that is becoming increasingly popular.

 AMA President Dr. Barbe and his wife Debbie were 
featured speakers at the Alliance’s 2018 Doctors’ Day 
dinner discussing their experience handling the stress of 
practice.  The Doctors’ Day events have all offered specifi c 
strategies to recognize, prevent, and mitigate physician 
burnout, which is important because studies show that 
physicians who suffer burnout are less able to connect with 
and serve their patients.

 Membership in both the Medical Society and the 
Alliance increased because of interest in this topic. The 
Alliance has succeeded in strengthening the family of 
medicine - and by doing so, helping physicians better serve 
the community.                 

david Barbe, Md, and 2017 president dan pinheiro, Md, at the greene 
county Medical society opioid conference.
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& Risk Resource Services

ProAssurance.com/Missouri  •  800.282.6242

Stable protection. No assessments.
ProAssurance is the only medical professional liability insurer to serve  
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closed without indemnity.*

We deliver the financial strength and stability that has kept us on the Ward’s  
Top 50® list for eleven years running and rated A+ (Superior) by A.M. Best.

You need coverage you can trust. For a no-obligation quote,  
contact Emil Pela at epela@proassurance.com or 205.903.4749.

*Source: internal company data 2015-2017

When you are 
treated fairly, 

you are confident 
in your coverage.

When you are When you are 
treated fairly, 

you are confident 
in your coverage.

When you are 



        Missouri Medicine | September/October 2018 | 115:5 | 425  

A Triplicate Mission to Improve Lives
by Patrick Delafontaine, MD & Jerry C. Parker, PhD

Medical scHool perspective

patrick delafontaine, Md, MsMa member since 2016, (left), is the 
Hugh e. and sarah d. stephenson dean, professor of Medicine 
and Medical pharmacology and physiology, university of Missouri 
school of Medicine and  Jerry c. parker, phd, is associate dean 
for research, professor of physical Medicine and rehabilitation, 
university of Missouri school of Medicine, columbia, Missouri.
Contact: delafontainep@health.missouri.edu

When I joined the University of Missouri 
(MU) School of Medicine as dean in 
2014, I became part of a medical school 

with a legacy rooted deeply in the history of our state. 
The MU School of Medicine has improved health, 
education, and research in Missouri and beyond since 
its founding in 1872. On behalf of the faculty, staff and 
students of our medical school, I am pleased to provide 
an update on our school’s missions in the areas of 
research, education, and clinical care. 

I am privileged to lead our medical school in 
pursuit of our vision of being a transformational leader 
in improving health. As part of Missouri’s flagship 
academic health system, the School of Medicine works 
closely with our hospital and clinics, MU Health Care, 
in providing care for all Missourians. MU Health Care 
is a destination for patients who need access to all levels 
of care, including an extensive primary care network, 
a Level 1 trauma center, and stroke and cardiology 
programs that have been nationally recognized. MU 
Health Care is home to five hospitals and more than 
50 primary and specialty clinics throughout the mid-

Missouri region.  Our health system is dedicated to 
providing patients with state-of-the-art health care 
technologies and infrastructure. MU Health Care 
recently opened a $40 million expansion of the 
Missouri Orthopaedic Institute (Figure 1); a $16 
million expansion of the University Hospital emergency 
department is currently under construction. These 
expansions, and others, will ensure that our facilities 
are able to accommodate growing patient volumes into 
the foreseeable future.    In fiscal year 2018, our School 
of Medicine clinical faculty treated more than 226,000 
patients — an increase of nearly 24,000 patients since 
fiscal year 2016. This growth is facilitated by our 
partnership within the Health Network of Missouri 
and the multi-state MPact Health provider network. 
Through these strategic alliances, MU Health Care is 
well-positioned to improve access and coordinate care 
for patients throughout the state.

While our clinical enterprise has seen tremendous 
growth, I also am pleased to report that the educational 
programs inherent in our mission continue to thrive. 
The foundation of our undergraduate medical student 
curriculum continues to be patient-based learning, 
which is an approach to medical education that allows 
students to learn from actual clinical cases as they 
acquire their medical training.  The MU School of 
Medicine recently celebrated our 25th anniversary of 
teaching through the patient-based learning model. 
Since our second year of using the curriculum, our 
medical student United States Medical Licensing 
Examination scores have consistently exceeded the 
national average.  Indeed, our patient-based learning 
curriculum has been a model that has been emulated 
by several other medical schools across the nation.  As 
a result of our class-expansion project, which includes 
a new Patient-Centered Care Learning Center (see 
Figure 2), students now have the option to spend their 
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last two years of training at our Springfield Clinical 
Campus, which operates in partnership with CoxHealth 
and Mercy health systems. Each year since June 2016, 
eight to 12 MU medical students have completed 
their last two years of medical training in Springfield. 
Although we now have campuses in both Columbia and 
Springfield, we are truly one, unified medical school 
with a mission to train physicians for Missouri and 
beyond.

In addition to improving health and education, 
I have been working closely with School of Medicine 
leaders and faculty to enhance our research 
infrastructure and our standing as a research-intensive 
institution. Research funding at the national level 
remains highly competitive, but due to the efforts of 
our scientists, we are achieving sustained growth in 
both research awards and expenditures.  Over the past 
four years, SOM research awards have increased by 37 

Figure 1. Missouri orthopaedic insti tute

Figure 2.  pati ent-centered care learning center (pcclc)
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percent, and NIH awards have grown by 42 percent; 
our total research expenditures have increased by 
17 percent over the last three years.  Our faculty are 
devoting particular efforts to obtaining large multi-
project research awards.  Accordingly, we recently 
awarded five research teams with internally-funded 
Program Project Planning Grants; these grants are 
intended to help research teams prepare and submit 
extramural applications to the NIH or other federal 
agencies for multi-project grants.

MU School of Medicine researchers are working 
to address some of our nation’s most prevalent and 
disabling health conditions; a short list of ongoing 
projects is as follows:

•	 Elizabeth Parks, PhD, is increasing our 
understanding of metabolism and diet, which 
has implications for preventing metabolic 
diseases.

•	 Studies led by Kevin Staveley-O’Carroll, MD, 
PhD, are seeking new, improved therapies for 
hepatocellular carcinoma. 

•	 Timothy Domeier, PhD, is studying molecular 
mechanisms to prevent cardiac damage 
following heart attacks. 

Dongsheng Duan, PhD, is working to develop 
gene therapy to prevent Duchenne muscular 

Figure 3.  edward t. H. yeh, Md, Francis t. Mcandrew chair, department of Medicine, 
professor of Medicine

dystrophy. Dr. Duan’s approach has 
shown tremendous promise in a 
canine model, and his work is now 
the foundation for a clinical trial to 
address the gene mutation in humans.  
•	 Peter Tonellato, PhD, is 
using precision medicine techniques 
to ensure that patients on warfarin 
receive optimal anticlotting 
protocols. At the MU Center for 
Biomedical Informatics, Dr. Tonellato 
is developing mathematical models to 
simulate treatment outcomes.
•	 As Francis T. McAndrew 
Chair, Department of Medicine, 
Edward T.H. Yeh, MD, is advancing 
our understanding of the 
relationship between heart disease 
and cancer (Figure 3).

The emerging field of precision medicine 
recognizes that each patient is unique with regard 
to genes, lifestyle, and environmental exposures.  
Accordingly, the School of Medicine is a key partner in 
the MU effort to plan for the Translational Precision 
Medicine Complex (TPMC), which will bring scientists 
together from all across the campus to tackle a range 
of compelling health conditions.  The TPMC will 
bring together multiple schools and colleges, industry 
partners, and the federal government to pursue a 
collaborative approach to the treatment and prevention 
of many diseases; the facility will be an exceptional 
resource to study cancer, neurological, and vascular 
diseases. The TPMC will be home to 32 principal 
investigators whose focus will be to seek breakthroughs 
in translational science and precision medicine; the 
facility will help MU attract funding from federal and 
industry sponsors.

In conclusion, our school has been in existence for 
more than 140 years, and we continue to be committed 
to improving health through the latest advances in 
clinical care, education, and research.  As I look toward 
the future, I am excited by the possibilities for the MU 
School of Medicine and our ability to serve the citizens 
of Missouri and beyond.
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Overview: Management of the Injured Patient
by Salman Ahmad, MD

salman ahmad, Md, Facs, is assistant 
professor of surgery, Medical director surgical 
intensive care unit, acute care surgery 
division, department of surgery, university of 
Missouri Healthcare, columbia, Missouri.
Contact: ahmadsa@health.missouri.edu

The Acute Care Surgery 
Division at the 
University of Missouri 

in Columbia is honored to 
share our 2018 update on the 
management of the injured 
patient.  Despite our patients’ 
above-average injury acuity, our 
Trauma Quality Improvement 
Program (TQIP) risk-adjusted 
mortality rate continues to 
outperform the national average 
due in large part to a refined 
trauma system consisting of 
students, residents, advanced 
practice nurses, pharmacists, 
dietitians, social workers, and 
attending surgeons. 

Many have earned research 
awards and grants for their 
commitment to the care of our 
injured patients.  Our injured 
population mirrors trauma 
care in the state of Missouri 
and runs the spectrum from 
urban to rural, penetrating 
to blunt.  A well-coordinated 
state EMS transport system is 
a crucial link in this chain of 
care.  While many dedicated 
academic trauma centers are 
well-versed in the latest advances 
in the management of the 
injured patient, we have written 
our 2018 update for the rural 
healthcare provider and EMS 
first-responders who stand on 
the front lines of trauma care for 
Missouri. 

We will share our thoughts 
on the initial management of the 

injured patient, focusing on the 
basics with an emphasis on rapid 
transport to higher levels of care.  
In reviewing the management of 
the bleeding patient, our update 
will discuss an aortic occlusion 
catheter, tranexamic acid and 
the latest massive transfusion 
protocols.  Our pediatric 
review covers the management 
of traumatic brain and blunt 
solid organ injuries, updates 
imaging guidelines and discusses 
trauma-induced coagulopathy.  
We will share our institution’s 
successful treatment of a severely 
burned patient while reviewing 
the management of severe 
burns.  The latest in simulation 
training will be described as a 
safe environment for healthcare 
providers to learn and practice 
management skills.  Finally, 
we will review the approach to 
mass casualty incidents in the 
context of lessons learned from 
recent events and discuss current 
research and development of a 
triage communication tool we 
are developing in conjunction 
with the department of computer 
engineering.

We hope this update 
encourages local and regional 
trauma systems to enhance their 
standard of practice and reiterate 
the importance of a collaborative 
state trauma system.  Thank you 
for all you do for the injured in 
Missouri.

This Trauma Care update is for 
the rural healthcare provider 
and EMS first-responders who 
stand on the front lines of 
trauma care for Missouri. 

MM



                                   Missouri Medicine | September/October 2018 | 115:5 | 429  

science oF Medicine | Feature series

Jeffrey coughenour, Md Facs, is associate 
professor of surgery, trauma Medical 
director, division of acute care surgery, 
department of surgery, university of Missouri 
school of Medicine, columbia, Missouri.
Contact: coughenourj@health.missouri.edu

Initial Evaluation and Management 
of the Injured Patient
by Jeffrey Coughenour, MD 

Abstract
This update is a conversation 

with our trauma medical director 
about the initial evaluation and 
management of the injured 
patient.  After a brief historical 
perspective, we discuss the 
immediate treatment of life-
threatening injuries at local 
hospitals within the context of 
definitive care at a level 1 trauma 
center.  Our journey is colored by 
recent cases we have treated at 
our institution with the hope that 
we save more Missourian lives.

Historical Perspective
The impact of medical history 

is often lost on the contemporary 
graduate, but I believe it is 
extraordinarily helpful to set the 
stage for our discussion.  Have you 
read Accidental Death and Disability: 
The Neglected Disease of Modern Society1?  
Often referred to as the “white 
paper” of trauma care, the piece was 
published in the fall of 1966 by the 
National Academy of Sciences.  If you 
haven’t studied it, you should.  The 
general public was insensitive to the 
trauma disease process.  Prevention 
efforts and research were sparse.  
Medical training for responders was 
suboptimal if present at all.  Organized 
rehabilitation didn’t exist.  Patients 
with long bone fractures died from 
an alarmingly high rate of venous 
thromboembolism, yet it was rarely 
documented in the medical record as 
a cause of death.2  In short, we didn’t 
know what we didn’t know.  

This visionary paper established 
standards for educating the lay public 
and training emergency responders.  
A foundation for data acquisition and 
gap analysis occurred at a regional 
and national level.  A mechanism for 
emergency department and hospital 
accreditation was established; the 
precursor for today’s American College 
of Surgeon’s Committee on Trauma 
Verification Review Committee.  It 
established “the system” and multiple 
works demonstrated improved 
outcomes.3  I didn’t steer off course 
unintentionally.  Knowing your role 
in a trauma system becomes vitally 
important to survival, especially in the 
rural environment where geography 
and resource-scarce areas comprise the 
adversary of optimal care.  Especially 
in a place like Missouri.

Initial Evaluation
Let’s get down to the business at 

hand.  Conjure up a typical scenario 
presenting at your institution where 
you are the only provider in a rural 
emergency department (ED).  You 
have two nurses, a clerk, and a 
radiology/lab technician.  There is 
no surgical capability in-house.  The 
local EMS provider calls in with a 
young female injured in a car crash: 
lower extremity fractures, abdominal 
bruising, and she is “acting like a head 
injury.”  A farmer catches his leg in an 
auger – they’ve used trauma shears to 
complete the amputation and he’s in 
shock.  Perhaps a young man involved 
in an assault sustains gunshot wounds 
to the proximal thigh and left thoraco-

Practice the concept of 
‘minimally acceptable 
care;’ treating the patient 
within the hospital’s 
capability and promptly 
transferring the more 
severely injured to a higher 
level of care.
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abdomen with significant trouble breathing.  You’ve only 
dealt with these ten times or less in the previous year… so 
we need to buckle down and get to work.

First, I cannot say enough about standardization of 
practice.  There is a best-practice model to follow: The 
Advanced Trauma Life Support Course (ATLS™)4 is the 
most well-known and complete reference to a step-
wise, safe approach to evaluating the seriously injured.  
This common approach means no matter who staffs the 
ED, physicians, nurses, and support personnel know 
the expectations.  They understand the preparation, 
actions, and correct sequence for successful resuscitation.  
Standardization minimizes variation among providers 
and improves quality of care.  It also helps develop a 
level of comfort to a potentially very stressful situation, 
keeping you in charge of the team and on the right track.  
For those of you practicing at a critical access facility, 
the College’s Rural Trauma Team Development Course 
(RTTDC™) is an excellent alternative.

When the patient arrives, listen to your pre-hospital 
providers.  They often provide clues that will direct 
your search for injury.  However, resist the temptation 
to enter what I call a CSI interrogation of the EMT or 
paramedic… none of the sensational, often inaccurate 
details change the next steps; the primary and secondary 
survey.  “Annie, I’m Dr. Coughenour. What happened to 
you; are you ok?”  I say it while I feel for a radial pulse 
and scan the body for life-threatening bleeding.  In less 
than 10 seconds I’ve assessed the patency of the airway, 
adequacy of breathing and ventilation, circulatory status 
and presence (or absence) of life-threatening hemorrhage 
and evaluated the patient’s neurologic capability.  A few 
additional details and we’ve completed the primary 
survey.  Any immediate threats to life should be treated 
without delay.  If there are none, proceed with adjuncts 
to the primary survey such as application of monitors, 
obtaining a manual blood pressure reading, and plain 
radiographs of the chest and pelvis.  If ultrasound is 
available to you, focused assessment with sonography 
for trauma (FAST) assists in identification of cavitary 
hemorrhage, pericardial tamponade or pneumothorax.  
If there are still no injuries that require immediate 
attention, focus on a head-to-toe physical examination 
known as the secondary survey.  

At completion, you now can summarize to the team: 
1) what injuries are known or suspected 
2) begin to develop a plan of care, and most 

importantly 

3) can we take care of this patient or do we need to 
begin the transfer process?  All less than 15 minutes from 
patient arrival!  You’re doing great, stay calm, and keep 
moving forward.  

Allow me to address two misconceptions concerning 
the initial evaluation: lab tests and CT imaging.  First, 
you don’t need every lab test available.  In fact, you only 
need three.  First, arterial blood gas analysis signals the 
degree of cellular dysfunction and anaerobic metabolism; 
a venous sample is adequate and many ABG analyses can 
include a lactate, basic electrolytes, and a hemoglobin (if 
you just can’t resist).  Second, coagulation parameters 
evaluate for early post-traumatic coagulopathy, a very 
worrisome and often deadly finding.  Third, if you have 
blood products available, a type and crossmatch will 
enable the patient to receive type-specific product as soon 
as possible.  Everything else is of questionable benefit.  
The severely injured human hasn’t had time to equilibrate 
to significant blood loss so a CBC will be deceiving.  
Electrolytes and renal function are not helpful.  Liver 
function tests might add to the complexity of the billing, 
but they contribute nothing to saving the patient’s life.  
Focus on guiding your resuscitation decision-making.

Patients demonstrating a clear reason to initiate 
the transfer process to a higher level of care do not 
require imaging.  In fact, I would recommend against 
it.5  Assuming you have begun treatment for injuries 
identified in your primary and secondary survey but 
find yourself needing more information to determine 
proper disposition for the patient, CT imaging can be 
considered.  Radiation exposure, incidental findings, and 
appropriate study selection can make this a complicated 
decision.  Let’s focus on the major issue at hand; if you’re 
going to scan the patient, get the appropriate information 
necessary for subsequent decision-making.  If you aren’t 
sure what to scan or how to do it, engage your regional 
trauma center.  They will likely share imaging protocols 
so you can standardize the process.  Omitting intravenous 
contrast and failing to scan certain areas (CT angiogram of 
the neck for instance) are the most common reasons we 
have to repeat studies at the trauma center.  Interestingly, 
a recent study from Iowa noted no improvement in 
time from arrival at the trauma center to operative 
management for brain injuries when a CT was performed 
at the referring center.6  Assure YOU need the test.  Do 
not assume it is a requirement of the trauma center.        
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Initi al Management
Now that we’ve covered the principles that will 

allow for a rapid but accurate patient assessment, let’s 
discuss what you might have to do.  In reality, there are 
only a few procedures that will handle the majority of 
cases, but they can be anxiety-provoking and chaotic if 
you aren’t prepared.  Remember that earlier bit about 
standardization?  As I said, when you fi nd a problem 
during completion of the primary survey, act immediately.  
Airway management may consist of nasal or oral airway 
placement with bag-mask ventilation while equipment 

is prepared, followed by 
endotracheal intubation.  A 
variety of rescue devices are 
available for the diffi cult airway 
– decide which ones your 
institution or group agrees to 
use and train often.  Patients 
can sustain for quite a while in 
shock, but they’ll only tolerate 
a few minutes of signifi cant 
hypoxemia.  Write out your 
approach for drug-assisted 
intubation and hang it on the 
wall.  Avoid hypotension by 
volume resuscitating critically 
ill patients prior to airway 
intervention.   

Quite possibly the 
most important initial 
management maneuver, 
and the most frightening, is 
the surgical airway.  When 
a cuffed tube cannot be 
placed in the trachea, and 
rescue devices are ineffective, 
proceed immediately to 
cricothyroidotomy.  I strongly 
advise the Three-Step Method, 
supported by literature for 
its economy of motion and 
success.7  In cases where the 
anatomy cannot be discerned, 
make a vertical incision and 
divide the subcutaneous tissue 
with your fi nger, feeling for 

the anterior wall of the trachea.  The anatomy should 
become apparent, and landmarks will guide you.  Pass 
a bougie through the incised cricothyroid membrane 
and advance an endotracheal tube until the balloon 
disappears.  Remove the bougie, infl ate the cuff and begin 
ventilation.  Most anatomy will accommodate tubes from 
5.5mm (smallest that will still slide over a traditional adult 
bougie) to 7.0mm.  Use caution as anxiety will promote 
mainstem intubation.  Lastly, the small anterior jugular 
veins can bleed and will create quite a spectacle.  Plan on 
doing the procedure by feel not by sight.

Figure 1.  Trauma resuscitati on.
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Once the airway is secure, breathing is next on 
our priority list.  Needle decompression and tube 
thoracostomy are used to decompress pneumothoraces 
and hemothoraces following injury.  While conventional 
teaching places a long, large-bore needle in the 2nd 
interspace along the mid-clavicular line, newer cadaveric 
studies promote a 5th interspace approach along the 
anterior axillary line.8  Either is acceptable, but assure 
you’ve entered the pleural space to correct the problem.  
Because the catheter is prone to malposition following 
withdrawal of the needle, I advocate for a rapidly placed 
chest tube.  Unfortunately, this may be a lost art in many 
emergency departments.  That’s right… I said it.  Many 
physicians staffing EDs in our state can’t place a chest 
tube.  I’ve seen the attempts and I’ve listened to nurses 
who tearfully describe the weak effort put forth by 
physicians they work with.  Be proactive and refresh your 
skills.  Or take yourself off the ED schedule.

Vascular access is usually straight forward.  Peripheral 
intravenous access with a 14 to 18 gauge catheter is still 
preferred.  Using an ultrasound probe for the difficult 
stick or moving straight to an intraosseous device for 
patients in life-threatening shock is best.  If you are 
comfortable with central venous access the subclavian 
position works well but carries a risk of inadvertent 
arterial puncture and pneumothorax.  If you select central 
access, utilize an appropriate line – temporary dialysis 
catheters or pulmonary artery catheter introducers are 
short and have a large lumen, thus they can instill a large 
volume of fluid in a hurry.  The traditional “triple-lumen” 
catheter has no place in the initial resuscitation following 
trauma.  

I feel obligated to briefly discuss resuscitation.  The 
literature has been clear since 1994 as the beginning of 
the movement away from crystalloid infusion towards 
earlier blood product transfusion.9  Patients bleed 
whole blood.  Packed cells are helpful, but the plasma 
component is equally vital.  Have a system to mobilize 
what you have in a timely manner.  If you don’t have 
access to blood components, use crystalloid to maintain 
a radial pulse and mentation.  Avoid the temptation to 
‘normalize’ vital signs… and move the patient rapidly to 
a place capable of stopping the bleeding.  Albumin and 
other colloids aren’t worth the increased cost to stock, so 
we avoid them entirely.  Since uncontrolled hemorrhage 
is implicated in as many as 20% of preventable deaths 
following trauma, we should discuss bleeding.  Direct 

pressure, compression dressings with hemostatic gauze, 
and tourniquet application may be necessary.  Reduce 
and stabilize open long-bone fractures.  Yes, reduce 
them all!  Returning the compartment to its normal 
anatomic alignment slows bleeding.  “Splinting in 
position found” has a place in the medical archives, not 
present-day trauma care (joint dislocations being the 
one notable exception).  Don’t forget often overlooked 
sources of hemorrhage such as the scalp, especially in the 
anticoagulated medically-frail elderly.  I like to say I’ve 
never seen a death related to hemorrhage shock from a 
scalp laceration…but I can’t.

What about surgical capability?  General or 
subspecialty surgeons should be willing to help plan 
your standardized approach to trauma.  Use them as 
a resource.  If you are a surgeon, please support your 
emergency care colleagues in their efforts to better 
prepare the hospital’s response to major injury.  Most 
importantly, discuss mobilization of the operating 
room and the necessary components to operate on a 
critically ill patient.  Is it something the institution is 
willing and able to do?  A hemorrhage control operation 
prior to transfer can be life-saving, demonstrating that 
complex surgical problems often demand simple surgical 
solutions.  A gunshot wound to the trunk may require 
suture ligation of a single bleeding vessel.  Packing and a 
temporary closure can then be followed by transfer to the 
trauma center for a second-look surgery and definitive 
closure.  Splenectomy and surgical control of extremity 
hemorrhage are other examples of straight-forward 
operations that can have significant positive impact.  
Surgery at a non-designated hospital or lower-level 
trauma center (III or IV) is a vital component of a larger 
trauma system, and sadly it hardly ever occurs (Figure 1).      

Decision to Transfer
Military trauma care has evolved around the concept 

of echelons of care, where far-forward surgical teams 
provide immediate care with limited resources.  Patients 
are then moved to higher levels of care for definitive 
treatment and rehabilitation.  A mature civilian trauma 
system should mirror this concept, where patients that 
need immediate intervention are taken to the local ED 
with subsequent transfer to a regional level 1 trauma 
center.  The idea, coined ‘minimally acceptable care’, 
was described in a 2002 edition of Missouri Medicine 
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by one of my mentors, Thomas Helling.10  A word of 
caution; moving patients through the “echelons” of care 
takes time.  I rarely see a patient stop at the local ED 
and depart for the trauma center in under 90 minutes.  
Evaluate your local hospital and EMS resources and strive 
for an initial ED stay of less than 60 minutes.  Plan which 
patients may be best served bypassing the nearest hospital 
to more rapidly arrive at a center capable of operative 
hemorrhage control.  Always keep quality care in mind; 
rapid transfer of an untreated pneumothorax – still bad.

I visualize these patient transfer decisions in three 
basic categories.  First, pre-hospital providers can 
provide enough information for the most severely injured 
to move to a higher level of care; you have no surgical or 
critical care capability and the patient has a GCS of 4, 
transfer without a CT scan.  Second, some patients with 
minor injuries can and should be managed locally.  Rib 
fractures requiring 24 hours of pain management or a 
ground-level fall that requires a medical evaluation are 
good examples.  These patients will be happy to receive 
quality care close to home.  Third, and often most 
difficult, are the patients that appear stable until they’re 
not.  Unrecognized bleeding or significant solid organ 
injuries may take time to identify.  Follow the mantra 
of RTTDC™, and work to complete the primary and 
secondary survey and make a transfer decision within 15 
minutes of patient arrival11, understanding some patients 
may require additional diagnostics before demonstrating 
a need for transfer.

Allow me to make some statements on a few odds 
and ends.  Consider what the EMTALA statutes say, 
but most importantly what they don’t say.  You are 
required to treat a patient based on your facility’s 
available resources.  It is perfectly acceptable to 
transfer a hypotensive patient with on-going bleeding 
if you have no surgeon.  Be willing to have difficult 
discussions with families regarding end of life care.  
When a 93-year-old patient falls and suffers massive, 
non-survivable intracranial hemorrhage, a neurosurgeon 
doesn’t necessarily need to be the one to relay that 
news.  Especially when the family would decline surgical 
intervention if offered.  In some cases, telephone or 
telehealth consultation may suffice.  Lastly, demand 
quality from the providers moving your patients.  Just as 
all hospitals are not created equal, all ambulances and 
helicopters aren’t either.  Work closely with your EMS 
folks to establish expectations and participate in their on-
going education.

Summary
The patient with serious injury is a high-acuity, 

low-occurrence event.  Material and human resources 
may be limited.  Important adjuncts to optimal care 
such as experience, education, blood components, or 
surgical expertise are often unavailable.  Standardize your 
institution’s approach and train often.  Perform a rapid 
primary and secondary survey, treating life-threatening 
injuries as they are identified.  Airway management, 
tube thoracostomy, and various maneuvers to control 
hemorrhage may be necessary.  Practice the concept of 
‘minimally acceptable care;’ treating the patient within the 
hospital’s capability and promptly transferring the more 
severely injured to a higher level of care.  Engage your 
regional trauma centers and use them as a resource.  
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Abstract
Thirty-three percent of 

early traumatic deaths are 
secondary to hemorrhage. In 
addition to timing to source 
control, the literature has seen 
a surge of research on adjuncts 
in hemorrhage control.  This 
review focuses on three of 
the latest interventions in the 
management of the bleeding 
patient; an endovascular aortic 
occlusive balloon, tranexamic 
acid (TXA), and updates to the 
massive transfusion protocol.

Introduction
Timely hemorrhage control 

is the sine qua non of a successful 
traumatic resuscitation. Traditional 
methods of hemorrhage control 
remain a mainstay of treatment, 
however several advances have been 
made in recent years allowing for 
immediate cessation of hemorrhage 
via less invasive means. One of these 
methods, an aortic balloon catheter 
first used in the 1950s, has made 
a resurgence in the last few years 
as a temporizing adjunct to initial 
resuscitation in the emergency 
department. Recent research in 
acute trauma-induced coagulopathy 
has revealed multiple therapeutic 
targets within the complexities of 
coagulation cascade, opening the 
door to novel pharmacologic agents 
to restore homeostasis. In practice 
for over a decade, the balanced 
resuscitation massive transfusion 

protocol is also evolving with civilian 
research into the proper ratios of 
component therapy and consideration 
of whole blood transfusion.  This 
review article will briefly summarize 
recent developments in these areas of 
resuscitation. 

Resuscitative Endovascular 
Balloon Occlusion of the Aorta

Occlusion of the aorta to 
facilitate improved cardiac and 
cerebral perfusion in the setting 
of severe hemorrhagic shock has 
been utilized for many decades. 
Traditionally, this has been 
performed through a thoracotomy, 
often performed in the emergency 
department, to gain proximal 
control of the aorta. Resuscitative 
thoracotomy is associated with 
overall poor outcomes, with the 
highest mortality rates seen in 
blunt traumatic arrests. The dismal 
prognosis of patients requiring and 
undergoing resuscitative thoracotomy 
has remained static despite advances 
in resuscitation and surgical 
technique.1 Efforts to decrease 
time and morbidity associated with 
thoracic aortic control, along with 
improvements in endovascular 
technology has resulted in rekindled 
interest in balloon aortic occlusion 
for immediate hemorrhage control. 
Resuscitative Endovascular Balloon 
Occlusion of the Aorta (REBOA) 
was originally described in 1954, in 
which aortic balloon occlusion was 
utilized in three soldiers with intra-

Developing technological 
and pharmacological 
therapies present 
opportunities to improve 
care for patients, including 
at rural critical access 
hospitals. 
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abdominal hemorrhage during the Korean War.2 However, 
commercially available kits have not been available until 
recently, and as a result multiple studies have shown 
benefits to its use. The main advantage of balloon aortic 
occlusion, compared with resuscitative thoracotomy, is 
rapid deployment without the need for a large incision, 
via a familiar percutaneous Seldinger technique. 
Additional benefits include decreased morbidity 
and infectious complications.3 Of course, potential 
complications of this new modality include arterial access 
complications, balloon positioning issues, complications 
from balloon inflation, and sheath complications.4 Patient 
selection is a key component of success, with patients 
presenting with intraabdominal or pelvic hemorrhage 
showing the greatest benefit. Penetrating thoracic trauma 
is a clear contraindication as balloon occlusion may 
exacerbate blood loss and delay source control.5 

Evolution in technique has been well-described 
and continues to be validated.6-9 The latest iteration of 
the catheter uses a 7Fr sheath placed percutaneously 
into the femoral artery via a Seldinger technique. It is 
designed for deployment into two of three aortic zones; 
Zones 1 and 3. Zone 1 extends from the takeoff of the 
left subclavian artery to the celiac artery, allowing for 
proximal thoracic aortic control, similar to clamping 
through a thoracotomy incision. Zone 2 extends from the 
celiac artery to the lowest renal artery and is traditionally 
not utilized. Zone 3 extends from the lowest renal artery 
to the aortic bifurcation, providing control of pelvic 
hemorrhage, with sparing of renal vasculature. Prior to 
placement and deployment, the catheter is connected 
to an arterial waveform transducer which lies at the 
tip. Proper balloon positioning is suggested by a rapid 
spike in the systolic blood pressure read by the arterial 
transducer after the balloon is gently inflated. Thereafter, 
rapid transport to the operating or endovascular suite is 
necessary to gain definitive hemorrhage control and to 
address intraabdominal and pelvic injuries. The catheter 
should be removed in the operating room once surgical 
hemorrhage has been addressed.

The less invasive, rapid nature of the REBOA 
catheter has led to multiple studies showing its benefit 
in non-compressible truncal hemorrhage. 3,9,10 Improved 
survival rates of up to 30% have been shown in patients 
in extremis upon arrival. This represents a marked 
improvement from resuscitative thoracotomy, which at 

best has a less than 10 percent survival in penetrating 
trauma, and less than 1 percent survival in blunt trauma. 
Questions arise however, regarding the role of selection 
bias in many of these studies. The REBOA catheter is 
less-invasive, and relatively easy to deploy, leading to 
earlier use in the resuscitation bay. Contrasted with 
thoracotomy, which many physicians are reluctant to 
employ prior to full cardiovascular arrest. Ongoing 
studies aim to directly, and prospectively compare the 
outcomes of REBOA and resuscitative thoractomy.3

There remain questions regarding use of the 
catheter, including placement in the emergency 
department versus the operating room, open versus 
percutaneous approach, and physician specialty required 
for placement – emergency medicine versus surgeon. 
In the future, we may expect to see more data emerge 
regarding catheter use not only in arterial hemorrhage, 
but also in the setting of venous injury.11,12 Despite these 
questions, it appears endovascular balloon occlusion is 
a viable alternative to resuscitative thoracotomy, though 
exactly how, when and where to use the catheter will 
continue to be defined with emerging studies.  

Tranexamic Acid
 Since its discovery in 1962, tranexamic acid 

(TXA) has been widely recognized for its use as an 
antifibrinolytic.13 TXA is a synthetic lysine analog, 
most commonly intravenously administered, that 
acts to prevent plasmin degradation of fibrin, thereby 
preserving the fibrin clot matrix. Its antifibrinolytic 
action is currently approved for treatment in hemophilia 
but has seen widespread use as an adjunct to trauma 
resuscitation. 

Prior to the CRASH-2 study in 2010, the use 
of TXA in bleeding trauma patients was relatively 
unexplored. The CRASH-2 trial was the first of its kind 
to assess the prehospital use of TXA in civilian trauma 
patients with significant hemorrhage.  Findings from 
the trial, including over 20,000 patients, indicated 
a 1.5% decrease in all-cause mortality as well as a 
0.8% decrease in mortality risk due to hemorrhage in 
patients given TXA. These findings were noted in the 
setting of no significant differences in quality/quantity 
of blood products used or number of thromboembolic 
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complications.14 Several years later, the MATTERs study 
was undertaken as the first military examination of TXA. 
This retrospective study included severely injured combat 
patients requiring at least 1 unit of blood transfusion.15 
Outcomes of the study showed an increased survival 
benefit in the TXA group, despite the fact that these 
patients had higher Injury Severity Scores and greater 
incidence of hypotension. Multiple other studies have 
shown survival benefit to TXA use in trauma.16-18 

The timing of administration and identification of 
appropriate patient subtypes are important factors to 
consider when deciding whom is appropriate for TXA 
administration. Data suggests a significant decrease in 
mortality due to bleeding when TXA is administered 
within 3 hours of injury, and an increase in mortality 
beyond that 3-hour mark.19 Further, there appears to be 
a subset of patients with fibrinolytic shutdown, that are 
predisposed to increased mortality risk with empiric TXA 
administration. This has led to more in-depth physiologic 
studies to determine markers for patients who may 
benefit from TXA, and those who should not receive 
it.20,21 Prehospital TXA administration is currently being 
studied, and at present there is insufficient evidence to 
support or refute prehospital TXA use.22

Massive Transfusion Protocols
Volume resuscitation continues to be a point of 

study in trauma research. Crystalloid resuscitation 
modalities have largely fallen out of favor, as multiple 
studies show increased mortality with crystalloid-
based strategies. Whole blood resuscitation, as done 
more frequently in the military setting, has shown 
improvements in physiologic parameters and survival. 
However, it is impractical in the civilian setting governed 
by cost, storage, and logistical issues. Fixed-ratio blood 
component therapy has thus emerged as the mainstay of 
volume resuscitation in trauma.  

  Nomenclature has moved from “massive 
transfusion protocol” to “goal directed resuscitation” to 
“damage control resuscitation.” Traditionally, massive 
transfusion protocols (MTP) have been utilized for 
patients in hemorrhagic shock.  Massive transfusion has 
most commonly been defined as the use of 10 units of 
blood products given within 24 hours. Goal directed 
resuscitation, in comparison, is driven by tailoring 

blood products to physiologic deficits. The newer 
term of “damage control resuscitation” originated 
in the U.S. military and was applied to resuscitation 
in patients suffering from hemorrhagic shock in 
Iraq and Afghanistan. This manner of resuscitation 
typically follows a fixed transfusion pattern of packed 
red blood cells, fresh frozen plasma and platelets, 
with minimization of crystalloid and permissive 
hypotension.23,24

The PROMMT study, published in 2013, sought to 
better validate this new manner of resuscitation in the 
civilian setting, noting improved outcomes when the 
ratio to blood and platelets neared 1:1.24 Expanding on 
these results, the PROPPR trial noted earlier hemostasis, 
fewer complications and lower mortality in patients 
receiving a 1:1:1 ratio of blood, plasma and platelets.25 
Success of these studies was believed to be, in-part, 
to earlier initiation of fixed ratio protocols, with an 
emphasis on early platelet transfusion. Early activation of 
fixed ratio transfusion modalities has spawned concern 
over appropriate usage of the limited supply of blood 
products, although these concerns have yet to be proven 
in the literature.

Rapid scoring systems based upon physical 
parameters present on admission have emerged to aid 
in the decision to initiate massive transfusion protocols. 
The Assessment of Blood Consumption score utilizes 
four easily attainable parameters and has demonstrated 
the ability to correctly identify patients in need for 
massive transfusion approximately 85% of the time.

As we move toward more targeted blood component 
resuscitation, it appears that early administration of 
platelets and plasma portend survival benefit in severely-
injured trauma patients. Accurate and timely assessment 
for the need of massive transfusion is paramount, 
and institutions are urged to develop evidence-based 
protocols to drive its use. 

Conclusion
While limitations exist for smaller health care 

institutions in caring for severely-injured trauma 
patients, developing technological and pharmacological 
therapies present opportunities to improve care for 
patients, including at rural critical access hospitals. The 
REBOA catheter, with proper training and understanding 
may allow for early, temporary hemorrhage control prior 
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to definitive hemorrhage control. Early administration of 
TXA has the ability to stop hyperfibrinolysis and result 
in decreased hemorrhage related to trauma-induced 
coagulopathy. Development of massive transfusion 
protocols that include the early administration of plasma 
and platelets may lead to less physiologic derangement 
with improved mortality.
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Abstract
Trauma is the leading cause of 

mortality in children, accounting 
for over 11,000 deaths and 
more than 8 million nonfatal 
injuries in 2015 for ages 1-19 
years.1 Current issues garnering 
particular attention and research 
efforts include traumatic brain 
injury (TBI), blunt solid organ 
injuries, imaging guidelines and 
trauma-induced coagulopathy. 
This article reviews the evaluation 
and management of the pediatric 
trauma patient while focusing on 
recent updates.

Traumatic Brain Injury
Head injuries are the most 

common fatal injury in children 
and account for approximately 
435,000 emergency department visits 
each year.2 Compared with adults, 
children have a number of anatomical 
differences that may predispose them 
to injury including thinner cranial 
bones, a larger head-to-torso ratio, 
an immature immune system and 
differences in thermoregulation.3 
After evaluating the airway, breathing, 
circulation and disability of the 
injured child, evaluation for TBI 
should include a complete neurologic 
exam including a Glasgow Coma 
Score (GCS), pupil size, inspection 
of the head and spine, including the 
anterior fontanel, for gross deformity 
along with funduscopic and otoscopic 
evaluation. The pediatric GCS  is 
modified for age-appropriate verbal 
development and should be used 

for children under two years of age. 
Children over two years should be 
evaluated with the standard GCS 
measurement.4 (Table 1.)

Neuroimaging
Imaging of head injuries is an 

important focus of research as we are 
learning more about the effects of 
radiation exposure in children. A study 
by Rice et al. reported one lethal case 
of cancer for every 1,000 computed 
tomography (CT) scans of a child.5 
The CT scan is the preferred imaging 
modality for moderate to severe head 
injuries as it quickly provides detailed 
images that can guide management. 
However, for minor head trauma, 
fewer than 10% of children sustain 
a TBI. This has led to the creation 
of several clinical decision tools for 
neuroimaging, including CATCH, 
PECARN and CHALICE, to reduce 
unnecessary radiation exposure.3 The 
CATCH study identified high-risk 
individuals who require CT scan as 
those who fail to reach GCS of 15 
within two hours of injury, suspicion 
of open skull fracture, worsening 
headache and irritability, while 
moderate-risk individuals had a large 
scalp hematoma, signs of basilar skull 
fracture or a dangerous mechanism 
of injury. MRI and transcranial 
Doppler (TCD) are two other 
valuable modalities that are frequently 
used. TCD was shown to have high 
sensitivity for detecting intracranial 
hemorrhage (ICH) and abnormal 
cerebral perfusion pressure (CPP) 
after severe TBI in children.6  

This article reviews the 
evaluation and management 
of the pediatric trauma 
patient while focusing on 
recent updates.
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Interventions
Walker and colleagues published an excellent update on 

the management of pediatric TBI in 2017 that highlighted 
a few modern interventions including controlled 
hypothermia and hypertonic saline (HTS) infusion. 
Controlled hypothermia has been shown to decrease 
mortality and improve neuronal function, presumably 
by decreasing neuronal metabolism. Current literature 
supports initiation within 24 hours of trauma and lasting up 
to 48 hours. HTS has been shown to decrease intracranial 
pressure (ICP) thereby increasing cerebral blood flow and 
providing neuroprotection. This mechanism is similar to 
that of mannitol; however, in a rat study, HTS  was better 
at decreasing ICP and neurotoxicity than mannitol. A 
dosing range of 3 to 5 mL/kg is commonly used, but future 
randomized prospective trials with mannitol are needed 
before it is accepted as standard of care.7 

Blunt Solid Organ Injury
Intraabdominal injury (IAI) is the third leading 

cause of pediatric trauma mortality with the majority of 
injuries sustained by a blunt mechanism (85%) versus 
penetrating (15%).8 Motor vehicle crashes (MVC) are the 
major cause of blunt abdominal trauma, and a common 
physical exam finding that has been associated with IAI is 

the “seat belt sign” (SBS), which has been defined as an 
area of ecchymoses, erythema or abrasions sustained as a 
result of seat belt use. However, Chidester and colleagues 
did not find SBS to be significantly associated with IAI in a 
retrospective review of 331 children involved in an MVC. 
Fifty-four (16%) of the 331 children had SBS, but only 12 
(22%) of those children had an IAI identified by CT scan or 
with an operation. Of the three children who required an 
operation, two had bowel injuries and one had a negative 
laparoscopy. They found the SBS to have a sensitivity of 
25% and a specificity of 85%, concluding that SBS may not 
be as predictive of IAI as historically reported in adults.9

Notricia and Linnaus published an excellent update on 
the nonoperative management of blunt solid organ injury 
(SOI) in pediatric surgery.10 Solid organ injury includes 
the spleen, liver and kidneys; is more common than hollow 
organ injury and is most often treated nonoperatively. In 
the 1990’s, the increasing utilization of the CT scan led 
to the development of organ injury scales (OIS) by the 
American Association for the Surgery of Trauma (AAST) 
as a means to guide SOI management. However, in recent 
years, studies have found hemodynamic status to be a 
better guide of management than OIS. For those with 
hemodynamic instability, attempts should first be made 
to restore adequate perfusion with isotonic fluid followed 
by blood products. If unsuccessful, a massive transfusion 
protocol should be considered along with operative 
exploration or interventional angiography. The current 
recommendation for maximum transfusion volume is 40 
mL/kg based on a retrospective study of children injured in 
a combat zone. Children who respond to early resuscitation 
should be evaluated with CT scan and monitored for further 
hemodynamic instability. Patients admitted to the ICU may 
be transferred to a lower level of care after 24 hours with a 
stable hemoglobin and may be discharged the following day 
if the child is tolerating oral intake with minimal abdominal 
pain and stable vital signs. This recommendation replaces 
the initial guidelines of OIS grade plus one day for the 
length of hospitalization based on recent data demonstrating 
very low rebleeding rates in hemodynamically stable 
patients with a median time to rebleeding of 10 days.11 

Blunt Liver and Splenic Injury
Nonoperative management (NOM) is the standard 

for blunt liver and splenic injury with a retrospective study 
by Holmes and colleagues showing a NOM failure rate of 
3% for isolated liver injuries and 4% for isolated spleen 
injuries. Though rare, it is important to recognize failure 
of NOM quickly. Identified risk factors for NOM failure 

Table 1. Glasgow Coma Score

Pediatric GCS4 
Eye Opening 
Spontaneous 
Speech 
Pain 
None 

 
4 
3 
2 
1 

Verbal Response 
Coos, Babbles 
Irritable cries 
Cries to pain 
Moans to pain 
None 

 
5 
4 
3 
2 
1 

Motor Response 
Normal spontaneous movement 
Withdraws to touch 
Withdraws to pain 
Abnormal flexion 
Abnormal extension 
None 

 
6 
5 
4 
3 
2 
1 

Table 1. 
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include higher ISS, higher organ injury grade, multiple 
organ injuries and lower GCS on presentation. In two 
separate studies, the main cause of failure was hemorrhage. 
Holmes and colleagues found the median time of failure to 
be 2 hours with 76% of failures occurring within 12 hours 
of injury. Children with contrast extravasation from splenic 
injury are often treated successfully with nonoperative 
management but may benefit from angioembolization if 
conservative treatment fails. Angioembolization is rare 
for liver injury as very few of these injuries demonstrate 
contrast extravasation.11

Blunt Renal Injury
Most blunt renal injuries are successfully managed with 

conservative treatment, which may include percutaneous 
drainage, endourologic stenting and angioembolization. 
However, there is no consensus on the management of 
high-grade injuries. A systematic review by LeeVan and 
colleagues reported a success rate of 80% to 100% with 
nonoperative management for grades IV and V.12 Therefore, 
it is recommended for all patients with renal trauma to 
initially be treated using a conservative protocol, while 
immediate surgical intervention is reserved for those with 
hemodynamic instability. LeeVan and colleagues also found 
minimal evidence to support ICU care for high-grade renal 
injury patients, urinary catheter placement, prophylactic 
antibiotics or mandatory bed rest. They recommend using 
ultrasound for assessment of injury progression as opposed 
to routine CT imaging. In cases of urinomas, two thirds of 
these will resolve spontaneously, and intervention should 
be reserved for large (greater than 4 cm), symptomatic or 
persisting urinomas.11 The initial intervention should be 
ureteral stenting as isolated percutaneous drainage alone 
has repeatedly failed in several studies. For renal artery 
pseudoaneurysms and renal hemorrhage, angioembolization 
has been found to be a great tool in the conservative 
approach. Finally, discharge can be made on the basis 
of symptomatic control and stability as opposed to the 
commonly used criteria of resolution of gross hematuria.12

Pancreatic and Duodenal Injuries
Although solid organ injuries rarely necessitate an 

operation, pancreatic and duodenal injuries are more 
likely to require operative intervention. In a multicenter 
retrospective study of 1,823 patients with blunt abdominal 
trauma, Mattix and colleagues identified 173 (9.5%) 
patients who sustained pancreatic injury, of which 43 
(26%) required operative intervention. The pancreas was 
cited as the cause of operation in 57.8% of all patients. 

This study found pancreatic ductal injury, defined as grades 
III to V, to be a predictor of nonoperative management 
failure with 23 of the 53 patients sustaining a ductal 
injury requiring an operation. Importantly, those with 
ductal injuries who were taken to the OR within 24 hours 
of injury experienced reduced rates of complications. 
Consequently, early identification of ductal injury by CT, 
MRI, or ERCP (endoscopic retrograde pancreatography) is 
critical. ERCP is an appropriate alternative diagnostic and 
potentially therapeutic study if CT imaging is equivocal.13 
Blunt duodenal injuries are rare and often occur with 
other abdominal injuries, most commonly the pancreas.14 
Their management is based on the hemodynamic stability 
of the patient with options of damage control and delayed 
repair, drainage or immediate definitive repair. The utility 
of duodenal diversion has been questioned in several studies 
and may be useful in a few specific situations. Antegrade 
and retrograde tube duodenostomies might be beneficial 
in cases requiring tenuous repair with mild contamination. 
There is no Level 1 evidence to support the routine use or 
nonuse of peri-duodenal drains. Moreover, Malholtra et al. 
do not recommend drains for Grade I or II injuries, rather 
they place them in the setting of a tenuous repair requiring 
a protective maneuver like a pyloric exclusion. Although 
uncommon, duodenal injuries can be a significant source 
of morbidity leading to fistula formation and obstruction 
and are often associated with multiple organ injuries which 
contribute to the overall outcome.15

Radiation Exposure and Imaging Guidelines
Imaging studies have an increasingly important role 

in the evaluation and management of trauma patients. CT 
scan utilization has increased from 3 million scans per year 
in the early 1980s to over 60 million in 2006. However, 
the radiation exposure produced by CT scans is not trivial, 
especially in the pediatric population. A retrospective review 
by Brunetti and colleagues calculated the total effective 
dose of radiation received by 719 injured children who 
underwent 4,603 radiographic studies (67.3% x-rays, 
31.7% CT scans). The mean dose for all children was 12.8 
mSv ± 12.0 mSv. For comparison, the average ionizing 
radiation exposure a person receives each year from the 
environment is 3 mSv.16 While CT scans only accounted 
for 31.7% of the total radiographic studies, they produced 
91% of the total radiation dose. One study found that a 
total radiation exposure dose of 50 to 60 mGy to the head 
and bone marrow resulted in a threefold-increased risk for 
brain tumors and leukemia, respectively.17 For perspective, 
two to three head CT scans from a current scanner on 
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typical settings would provide a dose of 50 to 60 mGy to 
the brain.18 Unsurprisingly, guidelines are being developed 
to limit the unnecessary radiation exposure. The Pediatric 
Trauma Society supports the Level 2 recommendations by 
Rozzelle et al. for clearing children of the need for cervical 
spine imaging. They report cervical spine imaging is not 
recommended for injured children greater than 3 years 
of age who are alert, have no neurological deficit, have no 
midline cervical tenderness, have no painful distracting 
injury, do not have unexplained hypotension and are not 
intoxicated. Children under 3 years of age must meet the 
above criteria as well as a GCS greater than 13 and were 
not involved in an MVC, fall greater than 10 feet or non-
accidental trauma.19 Children who have experienced trauma 
and do not meet either set of criteria should have cervical 
spine radiographs or high resolution CT scan. 

Trauma-Induced Coagulopathy
Trauma-induced coagulopathy (TIC) is a complex 

process resulting from tissue injury and ischemia 
that is further exacerbated by dilution, acidosis and 
hypothermia. It is well known that children have 
different hemostatic systems that mature with age. The 
majority of trauma patients become hypercoagulable 
and can benefit from coagulation monitoring devices. 
In addition to conventional coagulation tests (CCT), 
coagulation screens including thromboelastography 
(TEG®) rotational thromboelastometry (RoTEM®) and 
impedance aggregometry are being implemented in the 
acute evaluation of the injured child and are necessary to 
better inform clinicians on TIC. These devices monitor the 
viscoelastic properties of whole blood and the endothelium 
along with platelet function testing. TEG® and RoTEM® 
are able to evaluate all of the stages of clotting. 

An important mechanism associated with TIC in 
children is TBI, which may have a different pathophysiology 
than TIC of hemorrhage. A study by Vavilala   and 
colleagues reported fibrin degradation product levels over 
1000 µg/mL on admission predicted a poor outcome in 
children less than 16 years with an isolated brain injury and 
GCS between 7-12.20 A retrospective 10-year review of 803 
children after severe trauma with an INR of 1.2 or greater 
at presentation was an independent predictor of mortality, 
especially in those with TBI. 

Treatment strategies for TIC
  Early identification of coagulopathy with the screens 

mentioned above facilitate a targeted approach to blood 
product resuscitation. Christiaans and colleagues published 

an excellent review on coagulopathy after severe pediatric 
trauma focusing on novel hemostatic adjuncts.21  Massive 
blood transfusion has evolved in recent years to include 
the early and liberal use of blood products, often with 
a goal of a 1:1:1 ratio of PRBC to FFP to platelets for 
severely injured patients. However, massive transfusion 
occurs less commonly in children than adults in large part 
due to their greater physiological reserve and tolerance to 
blood loss. Although a definition for massive transfusion 
in children is difficult due to varying body volumes by age, 
gender and weight, a commonly cited definition is 40ml/
kg. Interestingly, in a single center study of 55 children by 
Chidester  and colleagues, mortality was not significantly 
different between children who received massive transfusion 
protocol and children who were given blood at the 
physician’s discretion.22 Randomized prospective trials are 
needed to better evaluate the role of massive transfusion, 
optimal blood product ratios and blood component 
therapies in pediatric trauma patients.21

FFP (Fresh Frozen Plasma) is the most common blood 
component used to treat coagulopathy, but it is associated 
with several risks including transfusion-related acute 
lung injury (TRALI), transfusion associated circulatory 
overload (TACO) and adverse immunological reactions. It 
is recommended that FFP be used only in cases of active 
bleeding and not for abnormal coagulation screens alone. 
A retrospective study of patients receiving FFP alone and 
patients receiving coagulation factor concentrates without 
FFP showed the patients receiving FFP alone had an 
increased frequency of multi-organ failure.21

Recombinant Factor VIIa (rFVIIa) has gained support 
for off-label use in pediatric trauma patients in addition to 
its use in patients with hemophilia and acquired inhibitors. 
In one case series of 135 pediatric patients who received 
rFVIIa for off-label use, there was a decrease in the 24-hour 
median transfusion volume after receiving rFVIIa, and the 
mortality rate was significantly lower in surgical/trauma 
patients (16%) versus medical patients (58%). Dosing for 
rFVIIa has been extrapolated from adult literature and the 
pediatric hemophiliac population with bolus doses ranging 
from 40-100 µg/kg in the non-hemophiliac population 
and repeat dosing intervals reported from two to six hours. 
An analysis of the Western Trauma Association web-
based registry suggests that rFVIIa may be most beneficial 
when given early in the setting of hemorrhage as acidosis 
(pH < 7.2), thrombocytopenia (platelets <100,000) 
and hypotension (systolic ≤ 90) were indicators of poor 
response to rFVIIa.21
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Prothrombin complex concentrate (PCC) is another 
blood product garnering attention for treatment of TIC, 
although very few studies exist for the pediatric trauma 
population as it was developed for treatment of hemophilia 
B and consequently also known as factor IX complex. PCC 
contains 25-30 times the concentration of clotting factors 
as FFP and can be a three or four factor concentrate. 
Three factor PCC contains factors II, IX and X while four 
factor PCC also includes factor VII. PCC has Level 2C 
evidence for its use in patients with massive bleeding who 
also receive FFP. Several guidelines and recommendations 
provide a recommended dosing range of 20-50 units/kg 
with a risk of thromboembolism at doses greater than 50 
units/kg.

Tranexamic acid (TXA) acts to prevent the breakdown 
of a fibrin clot by competitively inhibiting tissue 
plasminogen activator (tPA), which converts plasminogen 
to plasmin. Plasmin then degrades fibrin, which is 
responsible for the clot stability. TXA has been well studied 
in the adult population and even the non-traumatic 
pediatric population.23 The Clinical Randomization of an 
Antifibrinolytic in Significant Hemorrhage (CRASH-2) 
study demonstrated a significant decrease in mortality 
from bleeding when TXA was given early after trauma. 
Beno and colleagues feel that TXA should be considered 
for adolescent trauma patients with the same indications 
and dosing regimen as adults.23 They also suggest younger 
children with hemodynamic instability and ongoing risk of 
hemorrhage may also benefit from TXA with recognition 
that evidence in this population is lacking. Dosing 
recommendations for children over 12 years of age is the 
same as the adult protocol which is a 1-gram loading dose 
over 10 minutes within 3 hours of injury followed by a 
1-gram infusion over 8 hours. For children 12 years and 
younger, the dosing recommendation is a loading dose of 
15 mg/kg (max 1g) over 10 minutes followed by 2 mg/kg/h 
for at least 8 hours or until bleeding stops.23

Conclusion
While many lessons learned from the management 

of adult trauma patients can be applied in the pediatric 
population, due diligence must be practiced in the areas 
of TBI, blunt solid organ injury, radiographic imaging 
and traumatic coagulopathy in the context of age-specific 
research that is briefly summarized here.  Randomized 
prospective trials are needed to better evaluate current 
methods of treatment and produce pediatric-specific 
guidelines.
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Abstract
Advances in the management 

of burn patients have contributed 
to significant improvements 
in morbidity and mortality 
over the last century.  The 
physiologic insult from this 
injury pattern, however, still 
requires extensive surgical 
intervention, resuscitation and 
multidisciplinary care.  This paper 
will review the standard of care 
of these patients in the context 
of a recent case study from our 
institution.

Introduction
In spite of a decreasing 

frequency of burn-related injuries 
in the 21st century due to improved 
manufacturing production of 
commercial goods, thermal injury in 
the United States is still a major injury 
pattern.  Over 200,000 patients in 
the United States alone were burned 
between 2005 and 2016, resulting 
in over 6000 deaths.1 Mankind has 
been dealing with thermal injuries 
for thousands of years, yet “modern” 
burn care has evolved exponentially 
over the last 50-60 years.  Advances 
in resuscitation, operative care 
and grafting techniques, infection 
prevention and treatment, and 
mitigation of hypermetabolism have 
all improved survival and recovery.  
In spite of these advances, however, 
questions and controversies regarding 
best practices are still prevalent, 
and numerous burn centers and 

laboratories across the United States 
continue to research various aspects of 
burn care, from the resuscitative phase 
to the reconstructive and recovery 
phase. 

These advances in burn care have 
improved burn survival from a near 
100% mortality seen with a burn 
size of 30% in the early 1900s,2 to 
survival estimates over 50% in young, 
healthy patients with burn sizes up 
to 95%.3 Nonetheless, the acute 
phase of resuscitation still generates 
significant controversy and is not a 
standardized process. One can query 
the resuscitation protocols of various 
burn units throughout the country and 
find many variations, from the usage 
of crystalloid-only formulae to adding 
colloid at various time points in the 
acute period, to the usage of “rescue 
therapies” and what they constitute 
and when to use them. While this 
review will not go into great detail of 
the variations, we will describe our 
initial burn evaluation, subsequent 
resuscitation, and overall management 
plan in caring for a seriously thermally-
injured patient.

Case Presentation
A 58-year-old female patient was 

activated as a Level 1 trauma alert after 
being involved in a house explosion 
with resultant fire. She was awake and 
alert with no loss of consciousness 
at the scene but sustained significant 
thermal injuries per EMS report. 
She was intubated pre-hospital for 
“airway protection” out of concern 

Care of the patient with 
a large body-surface area 
burn is complex, lengthy, 
and fraught with potential 
complications.
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for inhalation injury with facial burns. Initial evaluation 
revealed an older woman, orally intubated with bilateral 
breath sounds, mildly tachycardic in the 100s, moderately 
hypertensive in the 160s/90s, with readily apparent full-
thickness burns to the face, neck, anterior torso, bilateral 
arms, and bilateral legs (Photos 1 and 2). Secondary survey 
and imaging revealed no further injuries. At this juncture, 
it’s important to remember and remind the non-burn or 
trauma center practitioner that a thermally-injured patient 
is still a “trauma” patient. While a large, third degree burn 
certainly elicits a significant morbid response in many 
observers, spending significant time managing the burn 
wounds while neglecting potential internal hemorrhage will 
invariably lead to a delay in treatment and worse outcomes.

The patient was immediately taken to our specialized 
Burn Operating Room once other injuries were ruled 
out and both non- and -excisional debridement of her 
burn wounds occurred, with resultant wound dressing 
application.  Her upper body burns were debrided and 
dressed with antimicrobial dressings. She then resuscitated 
for the next 48 hours, ultimately receiving approximately 
3.3 mL/kg/%TBSA in the first 24 hours post-injury based 
on a TBSA of 63%, primarily full-thickness (third degree).  
Resuscitation continued over the first 48 hours, and the 
patient underwent serial excisional debridement and wound 
preparation procedures over the next few weeks. Given the 
size of her burns, we opted to utilize cultured epidermal 
autografts for assistance with skin/wound coverage.  It is 
important to note that during the entirety of our patient’s 
two-month hospitalization she received attentive multi-
disciplinary care including efforts from nutrition services, 
therapy services, social work, as well as the nursing and 
physician teams.  After continued local wound and graft 
care the patient was discharged on HD61 to a rehabilitation 
facility, where she stayed for approximately three weeks 
until discharge home, where she now lives independently 
and is continuing to improve. 

Discussion
Evaluating overall burn size can, likewise, be difficult 

to the untrained. While we expect that many in the medical 
field have heard of “the rule of 9s”, establishing the rule 
in practice is trickier. Many studies have evaluated overall 
accuracy of pre-burn center size estimates from both EMS 
and referring hospitals, many of which are incorrect. What 
is perhaps more troubling is that the inaccuracies run in 
both direction, i.e. overestimating burn size is as frequent as 
underestimating. The American Burn Association (ABA) has 
a list of Burn Center Referral Criteria as well as a helpful 

photos 1 and 2. patient initial Burns
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guide to the “Rule of 9s for public usage on their main 
website, reprinted in this summary (Figure 1).

Historically, “burn surgery” consisted of 
reconstruction and scar release if the patient survived.  
Lieutenant Colonel C.P. Artz, in 1955, discussed “exposing” 
the burn wounds to air until eschar forms, “[i]n full-
thickness burns there is dehydration of the pearly white 
or charred dead skin, and it is converted into a protective 
eschar....This eschar serves as a temporary physiological 
cover until liquefaction occurs beneath it in 14 to 21 days.”4  
It wasn’t until the 1970s that a Yugoslavian surgeon, Zora 
Janzekovic, described her experience tangentially excising 
deep partial- and full-thickness burn wounds in over 1,600 
patients that “burn surgery” truly developed into a surgical 
subspecialty.5 Most modern burn units excise deep-partial 
and full-thickness burn wounds “early,” typically 24-72 
hours post-injury. In our experience, “early” means at or 

near admission, as burned tissue is 
a nidus of the inflammatory cascade 
that potentially leads to the “burn 
shock” phenomenon.6 

Fluid resuscitation of the 
thermally injured patient is, in many 
ways, the most important early aspect 
of burn care, and likely contributes 
most to overall improvement in 
burn survival. The need for fluid 
resuscitation was first recognized 
in modern times in the 1920s. A 
physiologist at Yale Hospital, Dr. 
Frank Underhill, while caring for 20 
burn-injured patients, discovered 
upon evaluation of burn-blister 
fluid a composition quite similar to 
plasma. He correctly theorized that 
“burn shock,” or the hemodynamic 
instability that occurs after a major 
burn injury, was a hypovolemic state 
and that an intravascular volume-
based treatment was necessary.7  
In 1942 the “Cocoanut Grove” 
nightclub, a popular, Pacific-Island 
themed club in Boston, Ma., 
caught fire. Drs. O. Cope and F. D. 
Moore cared for a majority of the 
patients between Boston City and 
Massachusetts General Hospitals, 
and in so doing helped codify the 

relationship between patient size and overall burn size as 
they related to fluid resuscitation. This resuscitation work 
was further advanced by C. Baxter and T. Shires at Parkland 
Hospital in Dallas, Texas, in the 1960s and 70s, ultimately 
leading to the Parkland™ formula, or 4mL/kg/%TBSA of 
Lactated Ringers solution, which is the most common burn 
resuscitation formula used in the United States.8

Large body-surface area burns are typically very 
difficult to close in an expedited manner, primarily due to 
lack of donor site autograft to use. To combat this issue 
numerous tissue substitutes have been developed over the 
last several decades. C. P. Artz, described earlier, relates 
using “postmortem homografts,” “removed from the body 
of a deceased person under aseptic conditions soon after 
death…”.4  In modern times, “postmortem homografts” 
are now standardly called allografts and are typically 
utilized in a cryopreserved rather than fresh fashion. These 
are nearly always temporary dressings meant for wound 

Figure 1. aBa Burn referral criteria
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coverage and desiccation prevention. Concerns of disease 
transmission, skin supply, and expense make the use of 
allografts somewhat problematic. Bioengineered “skin 
substitutes” have been utilized in large body surface area 
burns for decades. The first, and perhaps most widely 
used is a bilaminar product called Integra.™  Developed 
in the 1980s, it combines bovine collagen and shark 
cartilage-derived chondroitin-6-sulfate, and allows for 
vascularization and formation of a neodermis when 
placed on full-thickness burns. The outer layer is a Silastic 
silicone-based material that acts like an epidermis and 
allows for protection of the fragile underlying collagenous 
material. Once the collagen is engrafted in a few weeks, 
it allows for placement of an ultra-thin split-thickness 
skin graft. Similar materials have been developed for use 
in burn care, including another bovine collagen product 
called Primatrix™ as well as a Hyaluronic acid derivative 
called Hyalomatrix.™  In very large burns with extremely 
limited donor sites, cultured “skin” has been utilized 
with great success at wound closure.  Called Epicel,™ 
confluent sheets are grown into epidermis within two to 
three weeks from a sample of patients’ full-thickness skin 
sample by a company in Cambridge, Massachusetts.  These 
sheets can then be implanted on a prepared wound and 
are FDA-approved for compassionate use in large burns. 
The end-result is a closed but imperfect wound as the 
thin epidermal layer offers little resistance to blistering 
or shearing. The expense associated with its usage is also 
considerable.  An offshoot of “cultured” skin is a product 
commonly called “spray-on skin” in social media and by 
the public. ReCell™ is a real-time non-cultured skin graft 
alternative that is presently being evaluated by the FDA. 
By obtaining a small full-thickness skin sample, a clinician 
prepares a suspension containing basal keratinocytes using 
a proprietary kit in real-time that may be “sprayed” on 
an excised and prepared wound bed in an approximate 
80:1 expansion, which is truly donor-site sparing.9  Thus, 
on HD2 a 6 x 2 cm full-thickness skin sample from our 
patient was sent for growth of epidermal sheets which were 
implanted without complication approximately one month 
after injury. 

Burn care is a true “team effort,” and, in fact, was 
likely the first “team-centered” surgical subspecialty 
developed after more than 500 people were killed and 
3,000 injured in the “Texas City Disaster” in 1947, still 
considered to be America’s “worst industrial accident.”10 
The injured were cared for by Dr. T. Blocker and the 
University of Texas Hospital in Galveston, and during their 

convalescence were cared for by a team comprising nurses, 
physicians, therapists, nutritionists, and social workers to 
maximize outcomes. The team recognized the need for 
early nutrition, early mobilization, and aggressive wound 
care. These concepts are still followed today.

Conclusion
Care of the patient with a large body-surface area 

burn is complex, lengthy, and fraught with potential 
complications. These complications can be anticipated and 
minimized in burn centers accustomed to the complexities 
of major burn care; ultimately yielding improved survival 
and functional outcomes. The patient in this article, 
in spite of an anticipated initial mortality approaching 
70% on admission, survived to discharge with only a few 
treatable complications, and is currently home, driving, 
and otherwise living independently. Her burn scars are 
being managed with outpatient scar exercises such as 
moisturization, massage, and compression. This positive 
outcome is the norm in burn centers, and an excellent 
example of why patients with major burn injuries should 
be cared for in these specialized centers. Any patient with a 
significant burn, even if not delineated on the ABA referral 
list, warrants discussion with a burn-trained surgical team.
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Abstract
Trauma care is the classic 

high-acuity event for which 
simulation training has the 
potential to greatly improve 
outcomes. While not a new 
concept, the variability and 
availability of training modalities 
in trauma continues to rapidly 
multiply. Spanning the continuum 
of fidelity, simulation extends 
from simple trauma scenario 
discussion, to advanced virtual 
reality experiences. The choice of 
simulation is largely dependent 
upon the desired outcome, which 
is broadly divided into either 
task-oriented or non-technical 
skill acquisition. 

Introduction
Infrequent, high-acuity events, 

such as those involved with caring 
for injured patients, require rapid 
identification and management of 
life-threatening injury via a thorough, 
systematic, and expeditious approach. 
These characteristics of trauma care 
make it a near-ideal setting to benefit 
from simulation training, which is 
inherently low-risk and repeatable.1 
Trauma care has been at the forefront 
of simulation training for many years. 
For more than 40 years, the Advanced 
Trauma Life Support (ATLS®) course 
has employed a variety of simulation 
modalities to streamline and improve 
trauma care worldwide.2 Since that 
time, a variety of strategies, techniques 
and courses aimed at trauma-
specific training have emerged, and 

now provide a plethora of learning 
opportunities for trauma providers. 
From low-fidelity trainers, such as tube 
thoracostomy mannequins, to high-
fidelity simulators with immediate and 
realistic feedback, to virtual reality 
constructs that provide an immersive 
experience, there are a wide range of 
available simulation methodologies 
directed at improving trauma care and 
reducing errors at every stage of the 
process.

Standardized Patients
Standardized patients are either 

volunteers or paid participants that 
function as a real patient during 
simulation exercises. Participants 
assess the patient and appropriately 
manage simulated injures. This 
method of simulation is widely utilized 
by medical schools and has been 
embraced by the National Board of 
Medical Examiners.3 Inexpensive and 
often easily recruited, standardized 
patients offer many benefits to trauma 
simulation training. Live human 
interaction is one of the chief benefits 
to standardized patient encounters, 
and has been shown to greatly improve 
learning and retention, secondary to 
increased participant engagement.4,5  
An added benefit of simulated human 
patients, is that they also may provide 
feedback for the learners from a 
layman’s perspective. 

Non-technical skill training is an 
area of simulation particularly suited to 
standardized patient encounters. The 
American College of Surgeons utilizes 

Trauma simulation 
training has become a key 
component in the education 
of practitioners caring for 
acutely-injured patients. 
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standardized patients, complete with simulated blood, open 
fractures and other injuries, during ATLS® courses. After 
dressing in appropriate garb and moulage, they are given 
scripts related to their assigned traumatic event, and answer 
questions of the participants accordingly. 

Low-Fidelity vs. High-Fidelity Simulators
Simulation training exists along a continuum, 

from low to high. Low-fidelity simulations are typically 
more artificial, less-complex and less realistic. Low-
fidelity trainers generally omit factors that participants 
may experience in real-life. A scenario read aloud for 
participants to discuss is an example of a low-fidelity 
educational method. Another example includes a tube 
thoracostomy task trainer without physiologic simulated 
feedback. To contrast, a high-fidelity simulation may 
include standardized patients or a complex synthetic 
mannequin with physiologic feedback to participant 
actions. Low-fidelity training modalities can be extremely 
effective, and “low” should not convey a sense of 
inadequacy. Conversely, a high-fidelity simulator, while 
complex, may not afford benefit in all situations. Each 
simulated task requires careful thought and choosing of the 
appropriate simulator.6

Trauma training typically employs both low- and 
high-fidelity training modalities. Low-fidelity simulators, 
geared toward finite educational goals, form the basis for 
many task trainers. Popular low-fidelity methods include 
task trainers, such as those designed to teach central 
venous access, cricothyroidotomy, intubation and focused 
assessment with sonography in trauma (FAST). These 
are often inexpensive to purchase and maintain, and may 
even be homemade, and are thus frequently utilized for 
a variety of teaching scenarios where concise goals are 
sought. The TraumaMan© (Simulab Corporation, Seattle, 
WA) simulator is one such trainer designed for tube 
thoracostomy, needle thoracostomy, criothyroidotomy, 
tracheostomy, pericardiocentesis and diagnostic peritoneal 
lavage (DPL) that has been shown to be comparable to 
live tissue models.7 Ultrasonographic evaluation after 
injury is a growing field of study, and several trainers exist, 
including SonoSim® (SonoSim, Santa Monica, CA), to 
improve image acquisition time and accuracy during FAST 
examinations.8

High-fidelity simulators are also frequently utilized 
in trauma training. The ability to incorporate more 
of the real-life patient experience allows high-fidelity 
simulations to invoke higher order thought processes 

and management of the entire patient or patients. The 
Apollo© (CAE Heathcare, Sarasota, FL) and SimMan 
3D© (Laerdal, New York, NY) are two mannequin 
simulators that provide a wide variety of physiologic 
input which favor full-scale trauma simulation scenarios. 
These types of simulators have features that incorporate 
all body systems so that the facilitator can customize 
each patient encounter. For example, the simulator may 
be tachycardic, hypotensive, and with an altered mental 
status secondary to hemorrhage from a penetrating 
wound to the thigh. With tourniquet application, 
intravenous access gained and blood product resuscitation 
the simulator will respond just as a live patient. If other 
injuries are not identified, the simulator may mimic a 
transient responder, and prompt additional interventions. 
The ability of high-fidelity simulators to incorporate 
nearly all facets of caring for real trauma patients, make 
them highly effective educational tools.9 In addition to 
technical skill training, high-fidelity simulators offer 
the benefit of teaching non-technical skills and team 
training.10 

Virtual Reality
Immersive, highly visual and often 3D, virtual reality 

simulators closely replicate real-life with incorporation 
of physical interfaces and haptic feedback. Virtual reality 
simulators are technically advanced, and available in a 
range of sizes and shapes. Some incorporate gaming-
industry headsets and cellular phones, while others 
involve large-scale simulators resembling carnival rides. 
The field of virtual reality training in trauma is growing 
exponentially. Downloadable apps are currently being 
developed that, with the addition of a $20 headset, can 
provide an immersive trauma scenario experience.11 
Additionally, virtual reality simulations have the ability to 
connect multiple users at multiple locations to increase 
availability to centers with limited resources.12  

Cadaver Training
Cadavers have long-been employed to teach anatomy 

and surgical technique and continue to be an excellent 
training tool. The Advanced Surgical Skills for Exposure 
in Trauma (ASSET™) course currently utilizes fresh 
cadavers to address difficult and rarely performed trauma 
surgical exposures.13 Recent advancements in technology 
have allowed cadavers to more closely replicate living 
human tissue. Perfused cadaver models replicate bleeding 
tissue, and therefore closely mimic traumatic injuries.14,15 
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Although useful as a trauma training analog, access to 
these models is expectedly limited.

Live-Tissue Training
Despite technological advancements leading to the 

development of complex and interactive high-fidelity and 
virtual reality simulators, they lack the realism that can be 
portrayed with live tissue models. Learner engagement is a 
key concept when debating the effectiveness of simulation 
in education, and live tissue has been shown to increase 
engagement substantially.16 Start-up costs are high, and 
facilities are few, however the benefits of live tissue training 
cannot be overlooked. The Advanced Trauma Operative 
Management (ATOM™) course utilizes live tissue to train 
surgeons and surgical residents during a 1-day course 
designed specifically to address operative penetrating 
trauma. Studies aimed at assessing the effectiveness of the 
course show improved knowledge retention and confidence 
in approaching life-threatening penetrating injury.17,18

Trauma Non-Technical Skills
While many of the above methods are designed with 

specific tasks in mind, non-technical skills training in 
trauma is of equivalent importance. Most errors in the 
care of trauma patients are not technically-oriented, and 
arise from improper triage, indecisive team leadership 
and failed recognition of evolving life-threatening 
injury.19 Several long-standing courses offered through 
the American College of Surgeons, including ATLS®, are 
specifically designed to improve recognition of serious 
injuries. Courses are offered to physicians frequently at 
several institutions across the state in an intense 2-day 
format. Less robust, Trauma Evaluation and Management 
(TEAM®) courses provide medical students a short, 
90-minute overview of how to identify and treat common 
potentially lethal traumatic conditions. For those already 
in practice, the Rural Trauma Team Development Course 
(RTTDCTM) improves care through a 1-day course aimed at 
improving care at rural facilities. This course addresses the 
importance of communication and role definition through 
interactive lectures and simulated scenarios.

Effective leadership appears to be a defining 
characteristic of successful trauma resuscitation.20,21 For 
this reason, trauma team simulation curricula have focused 
on developing leadership qualities. A typical trauma team 
simulation follows crew resource management techniques 
taught most notably in the airline industry, where lectures 

are combined with practical stations and interactive 
discussions, all guided to improve leadership and closed-
loop communication.22 Team simulations frequently 
utilize high-fidelity mannequins to present physiologic and 
traumatic maladies to a multidisciplinary team. Virtual 
reality and live tissue simulations provide increased levels 
of engagement and are increasingly utilized for trauma 
team and leadership training. Additionally, standardized 
patients may be utilized via Objective Structured Clinical 
Examination (OSCE) methods. Video-based debriefings are 
frequently utilized and provide insight for participants to 
improve non-technical skills.

Emergency Medical Services Simulation
With changing paradigms regarding domestic 

terrorism and increasing frequency of mass casualty and 
disaster events, a focus on community readiness has 
emerged. Preparing emergency medical services (EMS) 
for large-scale events requires extensive planning and 
preparation to adequately manage patients during surge 
scenarios. To do this, simulated exercises have become 
more commonplace. Often involving multiple facets of 
emergency care, such as police, fire, ambulance, and 
hospital personnel, these sometimes massive simulation 
events have proven vital to the success of municipalities in 
addressing rare, high-acuity events like mass shootings.23 

Simulation scene training for EMS has historically 
been focused on logistical simulation. However, evolving 
methods have begun to incorporate existing infrastructure, 
such as actual helicopters and ambulances to create mock 
scenarios targeted toward scene-specific issues, such as 
early identification and management of life-threatening 
injuries. Utilizing existing elements decreases costs and 
provides true-to-life practicum for participants who work 
within the exact environment in which they trained.24 
Utilizing high-fidelity mannequins during scene simulation 
adds an element of complexity that affords increased 
realism and scenario dynamics. Video monitoring of 
the events may be employed to provide instructors 
and participants the ability to view and debrief, adding 
educational value. 

Technical procedure simulation has shown clear 
benefits for a variety of medical specialties. EMS 
procedural simulation is frequently performed with 
both low- and high-fidelity trainers. Some centers have 
the unique ability to expand procedural training to live 
tissue. However, local political climates and budgets may 
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preclude its use. Emergency life-saving procedures, such as 
cricothyroidotomy and tube thoracostomy, are well-suited 
to live tissue training for EMS providers.16 The ability of 
high-fidelity and virtual reality simulation to replicate the 
austere EMS environment, has resulted in a shift toward 
more high-tech training methodologies.24-26 Virtual-reality 
environments afford manipulated conditions that may 
be easily repeated to the desired task at hand.27 Fully-
immersive technologies allow for simulated medical 
care within the treatment bay of a realistic ambulance 
or helicopter while underway – adding in complexities 
such as wind, elevation and noise – which create lifelike 
training environments. 

Simulation Challenges
Trauma simulation training has become a key 

component in the education of practitioners caring 
for acutely-injured patients. While a steady stream of 
technological advancements improve trauma simulation, 
modalities will continue to be challenged by innate 
shortcomings, such as realism and authenticity.9 
Additionally, high levels of learner engagement, and long-
term knowledge retention with simulation have not been 
consistently demonstrated in the literature. Finally, start-
up costs can be quite high, and thus prohibitive to smaller 
centers.
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Abstract
A mass casualty incident 

(MCI) by definition can 
overwhelm local and regional 
resources.  Preparation and 
training is required by any health 
system to minimize the loss of life 
and maximize patient recovery.  
This update will review lessons 
learned from recent events and 
discuss current research that 
healthcare providers should be 
familiar with when managing 
MCI’s.

Introduction
The Hospital Preparedness 

Program (HPP) was established after 
September 11, 2001 to “enhance 
the ability of hospitals and healthcare 
systems to prepare for and respond 
to bioterror attacks…and other 
public health emergencies, including 
pandemic influenza and natural 
disasters”.1    An interim 2007 progress 
report on the state of U.S. hospital 
preparedness highlighted considerable 
progress made in the area of healthcare 
coalitions contributing to collaboration 
and networking between all levels of 
providers from first responders to 
hospitals and public health agencies.  
Evolving areas for improvement 
include planning for catastrophic 
emergencies requiring drastic changes 
in infrastructure and response 
systems, and their ability to respond to 
unconventional mass casualty incidents 
(MCI) as measured by surge capacity.1  
In 2015 the federal government 
updated its National Preparedness 
Goal, “A secure and resilient Nation 
with the capabilities required across the 
whole community to prevent, protect 
against, mitigate, respond to, and 
recover from the threats and hazards 

that pose the greatest risk”.2  The 
document outlines core capabilities 
which include quick disaster response 
in the aftermath of an incident.  It 
also emphasizes the mitigation of risk 
at the local level with preparation and 
coordination.

Lessons Learned from Recent 
Events

In 2011, the deadliest single 
tornado recorded in the U.S. since the 
beginning of recordkeeping in 1950 
struck Joplin, Missouri.  It destroyed 
7,000 homes, resulted in 162 fatalities 
and over 1,000 injured, and cost an 
estimated $3 billion in insured losses.  
In their review of the MCI, Bimal Paul 
and Mitchel Stimers collected data 
from first responders, survivors and 
the Federal Emergency Management 
Agency (FEMA) to determine reasons 
for the high fatality rate.3  They 
concluded that in addition to the 
intensity of the tornado and the large 
size of damage area, other contributing 
factors included ignoring the warning 
sirens or having less than 15 minutes 
to seek shelter, structural weakness 
in area homes and disproportionate 
damage to a hospital and area business 
where more people were gathered.  A 
component of delayed recognition of a 
rare fungal infection also contributed 
to late deaths.4  Some of these patients 
were transferred to our institution only 
to succumb to the widely disseminated 
infection. 

An after-action review published 
by the Boston Trauma Center Chief ’s 
Collaborative discusses key lessons 
learned from the 2013 Boston 
Marathon bombings’ MCI response, 
the scale of which had not been 
seen since the Cocoanut Grove fire.5  
Representing six area trauma centers 

Sponsor integrated live-
action exercises with the 
intention of breaking the 
system, finding weaknesses 
and improving your plan.
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that cared for the injured, the review credits the work of fi rst 
responders and healthcare providers for the 100% survival 
rate for any patient that arrived at a trauma center.  Field 
triage only tagged 50% of patients arriving at trauma centers 
and patients in extremis were unevenly distributed among 
the six area trauma centers, where one level 1 center received 
none of these patients.  Multiple transport mechanisms 
were used including ambulances, police vehicles and private 
automobiles.  A central EMS Command Center coordinated 
triage among area hospitals but law enforcement occasionally 
redirected ambulance traffi c.  Several fi rst responders and 
healthcare providers were already staffi ng the marathon to 
render medical assistance and proved invaluable after the 
bombing in providing bleeding control with tourniquets and 
stabilizing victims prior to transport. While most trauma 
centers were already aware of the event via the media before 
Boston EMS radio contact, all sites reported diffi culty with 
communication among their own staff members, refl ecting 
shortcomings with their center’s MCI communication plan.  
Key lessons learned are summarized in these points:

•	 Resist complacency and perform ongoing MCI 
training to enhance preparedness.

•	 Establish robust communication systems that utilize 
the modern cellular telephone network and insure 
reliable backup systems.

•	 Enhance situational awareness of the scene to 
provide closed-loop feedback between fi rst 
responders, law enforcement and trauma centers to 
ensure appropriate triage and victim allocation.

•	 Military-grade tourniquets should be standard issue 
on all emergency vehicles and incorporated into the 
national fi rst-aid curriculum.

•	 Improve planning of system-wide resource sharing 
during MCI and non-MCI emergencies.

Current Research
In 2009 the Institute of Medicine (IOM) sponsored a 

workshop on medical surge capacity.6  Participants defi ned 
standard terminology and metrics, discussed the state of 
the art in MCI management and offered strategies for the 
future.  Surge or crisis capacity was defi ned as a “systematic 
change into a system in which standards of care are 
signifi cantly altered…”, prompting “…the institution to 
either get the right resources in, transfer the excess patients 
out, or look for additional relief.”  The IOM workshop 
also discussed several legal issues including suspension of 
EMTALA and state licensing and credentialing requirements 
during MCI’s, allowing for reciprocity of out-of-state 
responders and healthcare providers as well as drafting of 
mutual medical aid agreements.  One of the most critical 
themes in their executive summary is the integration of 
care.  Captain Deborah Levy from the CDC described the 
“…preferred framework [as] one in which the established 
healthcare system (hospital administrators and emergency 
departments, physicians, emergency medical services, 
community health clinics, pharmacists, and other caregivers) 
works closely with the public health community (local 
departments of public health), then explicitly brings the 

Boston Marathon 
Finish line 
Bombing.

Source: Time, Inc.
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local emergency management agency into 
the process…”, while the alternative of 
silo-based independent goals and objectives 
is ineffective and ineffi cient.6  They also 
briefl y shared the Israeli example of 
alternative sites of triage for minor injuries, 
reserving the hospital for the most severely 
injured that require the highest level of 
medical care.  Given its size at just slightly 
smaller than the state of New Jersey, Israel’s 
MCI model is analogous to a state-level 
trauma system.  In a prospective study 
during live simulation exercises in Israel, 
using de-identifi ed real trauma patient data 
facilitated more accurate triage knowing 
the exact resources that were required for 
successful treatment of those patients.7  
Their experience emphasizes centralization 
of hospital triage and delegation of 
leadership roles to nursing and other staff.  
Prehospital triage includes identifi cation 
and documentation and reliance on 
ultrasound over CAT scanning to rule out 
intraabdominal hemorrhage.  Israeli trauma 
hospitals also establish an emergency public 
information site (EPIS) headed by social 
workers to communicate with the public 
about their loved ones.  Hospital security in 
controlling access is also paramount for the 
safety of patients, staff and family.8

Using federal grant funding, a coalition of eight counties 
in south central Pennsylvania, with a catchment population of 
1.9mil, engaged seventeen hospitals and healthcare systems 
in a prospective performance improvement project.9  Their 
coalition’s goals were to demonstrate improvements in six 
areas:

•	 Situational awareness of capabilities and assets.
•	 Development and testing of advanced regional 

planning and exercise events.
•	 Augment mutual medical aid agreements (MMAA) 

between regional healthcare facilities especially 
hospitals.

•	 Strengthen partner relationships through joint 
planning, communication, simulation and 
evaluation of preparedness.

•	 Ensure compliance with the National Incident 
Management System (NIMS).

•	 Develop and test plans for more effective utilization 
of the state’s emergency volunteer registry.

The coalition expanded these goals to 59 specifi c, 
measurable, achievable, realistic and time-framed (SMART) 
objectives they used as performance metrics.  Their 
interventions included teleconferences and webinars, 
enhancement of the radio-based emergency response system 
to include the internet, creation of a web-based portal to 

catalogue real-time available resources across the coalition 
and brief web-based surveys to assess changes in measured 
variables.  After a 24-month evaluation period, the coalition 
reported improvements in all measured goals including a 
100% response rate to emergency notifi cations, 16 training 
exercises performed, 14 out of 17 mutual medical aid 
agreements formulated, 4,651 trained employees available 
24/7 at each facility and near universal registry tracking 
of volunteers with an overall 97% SMART objective 
completion rate.9  

In their recent editorial response to MCI’s, Knudson 
et al. connected lessons learned from the battlefi eld to 
contemporary civilian experience.10  They emphasized the 
evolution of damage control resuscitation, formerly the 
massive transfusion protocol, in treating life-threatening 
hemorrhage.  Recent MCI’s were highlighted from 
the Boston Marathon bombing to the crash of Asiana 
Airlines Flight 213 in San Francisco with take home 
lessons including dual command triage, communications 
and CAT scanning for triage, the latter acknowledged as 
contrary to the standard practice of ultrasound triage for 
intraabdominal hemorrhage.  They concluded with the 
Hartford Consensus on providing the public with the skills 

Figures 1 and 2. Mci triage communicati on platf orm called panacea’s cloud©.  
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and tools needed to control hemorrhage as bystander first 
responders through the “Stop the Bleed” program at www.
bleedingcontrol.org (see Sidebar next page).11 

Ongoing research is also improving MCI 
communication systems.   Jokela et al. described their 
incorporation of RFID tagging systems with conventional 
cellular networks to improve situational awareness in a 
military training exercise.12  Their initial results encouraged 
civilian adoption and testing.  More recently, the University 
of Washington Harborview Medical Center in Seattle 
described their novel approach in staff notification in the 
setting of difficulties with cellular networks during the 
Boston Marathon bombing.13  Leveraging their unique 
Disaster Management Control Center (DMCC), researchers 
created a system that utilized a combination of text, voice 
and e-mail coupled with conference calls to communicate 
with staff in their system.  Their premise behind using 
text messaging was the higher likelihood of successful 
transmission than voice calls.

Since 2014, our institution has been testing an MCI 
triage communication platform called Panacea’s Cloud©.  
A collaboration between the Acute Care Surgery Division 
and the Department of Computer Engineering, Panacea© 
is being developed as a situational awareness operating 
system whose common operating picture (COP) includes 
communication with and tracking of patients, first 
responders, healthcare providers and incident commanders.  
The prototype system consisted of an ad-hoc resilient and 
self-sustaining battery-powered Wi-Fi™ mesh network 
covering a two-scene lake boating crash simulation.14  The 
original dashboard provided video calling capabilities for the 
incident commander with both scenes via Google Glasses™ 
donned by the paramedics over the mesh network and has 
recently been enhanced to include staff and victim tracking 
capabilities15–17 (Figure 1).  Our latest experiment was 
conducted with Missouri’s Task Force One search-and-
rescue team during a training simulation.  We compared 
Panacea© with their standard of care Iron Sights© GPS 
system used for geotracking of incident markers and found 
our system to be more efficient in providing real-time 
actionable intelligence for remote commanders18 (Figure 2).  
Our goal is to enhance Panacea’s capabilities through real-
world testing with collaborative city-wide exercises.

Conclusion
Take advantage of the lessons learned from recent MCI’s 

in developing, implementing and testing your own MCI 
disaster plan.  Sponsor integrated live-action exercises with 
the intention of breaking the system, finding weaknesses 
and improving your plan.  Statewide initiatives can improve 

integration of care and raise the state of preparedness 
for MCI’s.  Research continues into novel systems-based 
solutions to MCI management.
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TIMEWIND SECUREWRAP

CALL 911

1 APPLY PRESSURE WITH HANDS

2  APPLY DRESSING AND PRESS

The ‘Stop the Bleed’ campaign was initiated by a federal interagency workgroup convened by the National Security Council Staff, The White House.  The purpose of the campaign is to build national resilience by better preparing the public to save lives by raising awareness of basic actions to stop life threatening bleeding following everyday emergencies 
and man-made and natural disasters. Advances made by military medicine and research in hemorrhage control during the wars in Afghanistan and Iraq have informed the work of this initiative which exemplifies translation of knowledge back to the homeland to the benefit of the general public. ‘Stop the Bleed’ is a registered service mark of the Department 

of the Defense. Use of the equipment and the training does not guarantee that all bleeding will be stopped or that all lives will be saved.

3 APPLY TOURNIQUET

© 2017 American College of Surgeons

Stop the Bleed Program
public education directed by physicians has been 
enormously successful in the past. especially 
notable were the efforts to teach the general 
public to perform cardio-pulmonary resuscitation 
and the Heimlich maneuver to clear blocked 
airways. 

launched in october of 2015 by the white House, 
stop the Bleed is a national awareness campaign 
and a call to action. stop the Bleed is intended 
to cultivate grassroots efforts that encourage 
bystanders to become trained, equipped, and 
empowered to help in a bleeding emergency 
before professional help arrives.

Background
no matter how rapid the arrival of professional 
emergency responders, bystanders will always be 
first on the scene. a person who is bleeding can 
die from blood loss within five minutes, so quickly 
stopping the bleeding is critical. those nearest to 
someone with life threatening injuries are best 
positioned to provide immediate care if they 
are equipped with the appropriate training and 
resources.

What’s Happening Now
the stop the Bleed initiative brought together 
a number of Federal agencies, non-profit organizations and corporations to develop and disseminate 
resources to train the public in bleeding control. Hosted by the department of Homeland security, the 
stop the Bleed website (https://www.dhs.gov/stopthebleed)  offers posters and other materials that 
explain how to control life-threatening bleeding and links to information, such as where to find courses on 
bleeding control and how to offer them in your community.

Who’s Involved?
the stop the Bleed initiative began as a collaborative effort headed up by the white House that included 
a number of Federal agencies, including the nHtsa office of eMs, as well as national organizations and 
corporations. Missouri organizations teaching stop the Bleed courses include: university of Missouri 
soM, washington university soM, Kansas city Medical society, a large coalition of partners in springfield 
and many others. 

What You Can Do?
offer training on bleeding control in your community to increase bystander engagement and willingness 
to act during an emergency. the stop the Bleed website has information on offering courses, training 
medical personnel to be instructors, educational material and kits to stop bleeding.  

Reference: Some of this material is taken verbatim from the Stop The Bleed Website. 

by John C. Hagan III, MDSIDEBAR
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A Cross-Sectional Study of Firearm Injuries 
in Emergency Department Patients
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Synopsis
This is a single-center cross-

sectional study of consecutive patients 
who presented to an urban emergency 
department (ED) with firearm injuries 
between July 1, 2014 and June 30, 
2016.  The objective of this study 
was to describe the characteristics of 
patients in this cohort and identify 
those at risk of firearm re-injury to 
inform future interventions. Patients 
in this cohort with both initial and 
recidivistic firearm injures were found 
to be predominately young, African 
American men.

Abstract
Objective

To describe the 
characteristics of patients 
who present to the emergency 
department (ED) with firearm 
injuries and identify those at risk 
of firearm re-injury. 

Methods
This is a single-center cross-

sectional study of consecutive patients 
who presented to the ED with firearm 
injuries between July 1, 2014 and 
June 30, 2016. We collected data 
on patient demographics, history of 
previous traumatic injury including 
firearm injury, and whether the 
firearm injury was self-inflicted. 
We also evaluated characteristics of 
patients in this cohort who returned 
to the ED with firearm re-injury 
within a one year follow-up period.  

Results
This study included 1226 unique 

patients. Our data demonstrate that 
patients presenting to the ED for 
firearm injury were predominately 
young, African American males. 
Fourteen percent had a history of 
a previous firearm injury and 20% 
had a history of other non-firearm 
assault.  Patients who had been shot 
previously were more likely to be 
African American, male, uninsured, 
unemployed, and have a history of 
other non-accidental trauma. Eight 
percent of firearm injuries were self-
inflicted. All 35 patients who sustained 
a new firearm injury within 1 year of 
the index injury were African American 
males with a median age of 23.

Conclusions
Among patients treated in the ED 

for firearm injuries, young, African 
American males are disproportionately 
at risk of firearm injury and re-
injury. ED visits for traumatic 
injury represent an opportunity to 
provide social work, case work, and 
counseling-based interventions to help 
disrupt the cycle of violence in high-
risk individuals.

Introduction 
Background

Firearm injuries are a significant 
public health issue in the United States 
(US). Between 2010 and 2015 there 
were 422,907 violent firearm injuries 

Our data demonstrate that 
patients presenting to the 
ED for firearm injury were 
predominately young, 
African American males. 
Patients who had been shot 
previously were more likely 
to be African American, male, 
uninsured, unemployed, and 
have a history of other non-
accidental trauma. 
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and deaths in the US.1,2 In 2016 the rate of violent firearm 
deaths in the US was 3.85/100,000.3 Annually, firearm 
assault generated $389 million in healthcare expenses from 
over 30,000 reported hospital admissions for firearm 
injuries between 2003 and 2013.4

Interpersonal violence disproportionately affects the 
African American population. Homicide is the leading 
cause of death for African American males ages 15-34.5 
In 2014, homicide accounted for 48% of deaths among 
African American males ages 15-24.5 In contrast, homicide 
accounted for 7.6% of deaths among white males aged 15-
24, although it was still the third leading cause of death in 
that population.6 In a study of children injured by firearms 
in the US, young African American males were admitted 
to the hospital for firearm injury 10 times as often as their 
white male counterparts.7

In St. Louis City the incidence of violent crime and 
firearm injury is significantly higher compared to the 
rest of the US. In 2016 the rate of violent firearm deaths 
was more than 14 times that of the national average.8,9 In 
2016, 1,601 firearm assaults occurred in St. Louis City,10 
and the violent crime rate was five times the US average.11 

In 2014, the rate of violence perpetrated against African 
Americans in Missouri was double that of the national 
average.12 

Firearm injuries in the local pediatric population are 
also high. St. Louis City ranks second in firearm mortality 
in the 10 to 19 year old age group (50/100,000 people 
annually), while St. Louis County and surrounding suburbs 
ranked ninth in the nation.13 A study performed at the two 
pediatric Level I Trauma Centers in St. Louis over a period 
of five years in children aged 16 and younger revealed that 
most non-accidental pediatric firearm injuries occurred 
among children aged 14 to 16 years, of whom 91% were 
African American. Over one-third of the firearm injuries 
were localized in seven of 94 ZIP Codes in St. Louis City 
and County.14

Additionally, victims of assault and penetrating trauma 
are likely to be re-victimized and to perpetrate violence 
against others.15 Patients affected by penetrating trauma 
are more likely to return to the ED with new penetrating 
trauma than those presenting with blunt trauma; re-
presentation for penetrating trauma correlates with 
an increased likelihood of death with each subsequent 
ED visit.16 Multiple studies have also shown that re-
victimization rates for patients presenting to a Level I 
Trauma Center for penetrating trauma range from 44-
52%, with an average of 2.6 traumatic incidents.17,18,19 

Patients who have two presentations for penetrating 
trauma have a re-victimization rate as high as 77%.16 
Furthermore, patients admitted for firearm injuries were 
found to have a 15% likelihood of arrest for violence-
related crime versus 1% for patients hospitalized for non-
violent injuries over a five year follow-up period.20

Importance
The leading cause of death for African American males 

aged 15-34 in the Midwest is homicide.21 Given the societal 
and financial costs of firearm violence and death, there is a 
need to better characterize the patients who sustain firearm 
injuries in our region, as they are likely at high risk for re-
victimization and perpetration of violence. Currently there 
is a dearth of data describing victims of firearm violence in 
St. Louis, particularly among the adult population. Multiple 
professional organizations have called for additional 
research and intervention into firearm injury and death,22 
culminating in a 2017 call for a consensus-driven agenda 
for emergency medicine firearm injury prevention research 
from the Annals of Emergency Medicine.23

Goals of this Investigation
The goal of this investigation was to better describe 

characteristics of patients who present to the ED with 
firearm injury, and to compare our local population with 
previous data on violently injured patients.

Our secondary objective was to identify both patients 
who had sustained previous firearm injuries and those 
who re-presented to the ED with new firearm injuries 
within one year of index injury.  By identifying this cohort 
at highest risk for recidivistic firearm injuries, hospitals 
and health care systems can use the ED as an access point 
to provide social work, case work and counseling-based 
interventions to help disrupt the cycle of violence.

Methods 
Study Design and Setting

This is a single-center cross-sectional study of patients 
aged 14-81 in an urban, academic, Level I Trauma Center 
tertiary care ED with more than 95,000 patient visits per 
year in St. Louis, Missouri. This hospital serves St. Louis 
City, St. Louis County and the surrounding region.

This observational study is reported in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) Statement: Guidelines for 
Reporting Observational Studies.24 This study was approved 
by the institutional review board at Washington University 
in St. Louis. 
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Selecti on of Parti cipants
We reviewed the medical records of 1386 consecutive 

patients who presented to the Barnes-Jewish Hospital ED 
between July 1, 2014 and June 30, 2016 with a triage chief 
complaint or ICD-9 or ICD-10 diagnosis code of “gunshot 
wound” (our institution transitioned from ICD-9 to ICD-
10 during the study period). Inclusion criteria required 
that the fi rearm injury occurred within 72 hours of initial 
presentation. Our sample included patients who were 
transferred from other hospitals. Participants were included 
whether the fi rearm injury was thought to be accidentally 
or intentionally self-infl icted or infl icted by another person. 
Patients who presented with fi rearm injuries multiple times 
during the study period were included in this patient series 
once at the time of their fi rst ED presentation. 

Data were collected on patients identifi ed by query of 
the ED electronic medical record (EMR). Variables were 
defi ned before data extraction and placed in a standardized 
format during the data collection process. All data were 
collected by two medical students (TD, CS) who were 
blinded to the primary outcomes of this study. 

Measurements
The following data points were collected: gender 

(male, female), race (African American, Caucasian, Asian), 
age, psychiatric history (yes, no), insurance status (none, 
Medicare/Medicaid, private, local temporary healthcare 
program), employment status (unemployed, employed, 
student, retired, disabled), religious affi liation (none, 
Protestant/Baptist, Catholic, Jewish, Muslim), whether 
the fi rearm injury was self-infl icted (intentionally or 
accidentally), number of prior fi rearm injuries (zero, one, 
two, three or more), other previous traumatic injuries (yes, 
no), history of non-fi rearm assault (yes, no), disposition 
from the ED (discharged, operating room, intensive care 
unit, fl oor, expired, left against medical advice, transferred), 
and ZIP Code of residence. Data point sources included 
any physician, nursing, social work or administrative 
documentation present in the EMR. If the ED chart from 
the index visit did not contain all data points of interest, 
previous records from the EMR were reviewed in reverse-
chronologic order to complete data collection. Outcome 
data comprised subsequent ED visits for a new fi rearm 
injury within one year of the initial fi rearm injury. 

Analysis
Categorical variables were presented as counts and 

percentages. The only continuous variable, age, was 
presented as the median and inter-quartile range due to its 

non-normal distribution. We compared demographic and 
follow-up parameters between patients with and without 
a history of a fi rearm injury. Univariate odds ratios were 
calculated with 0.5 added to cells with a count of 0, and 
p-values reported correspond to chi-squared (c2) and 
Fisher exact tests. Statistical analyses for this paper were 
generated using SAS software, Version 9.4 of the SAS 
System for Windows. Copyright © 2013 SAS Institute 
Inc. SAS and all other SAS Institute Inc. product or service 
names are registered trademarks of SAS Institute Inc., Cary, 
NC, USA.

Outcomes
The study’s primary outcome was to describe the 

demographic and clinical history of patients presenting to 
the ED with fi rearm injuries. Secondary outcomes included 
identifying risk factors for re-presentation to the ED with a 
new fi rearm injury within one year of the index injury. 

Results 
Query of the EMR resulted in 1386 unique records; 

1226 patients met criteria for inclusion in our study (Figure 
1). We excluded 160 charts for the following reasons: (1) 
no documentation or chart present within the EMR; (2) 
no fi rearm injury was documented in the chart; or (3) ED 
presentation was not related to a fi rearm injury within 
the last 72 hours. Inter-rater reliability was calculated for 
all data points from a sample of the fi rst and last 10% of 
patients in this dataset; the overall inter-rater reliability 
was 93%. For the primary outcomes of sex, age, race, 
whether the fi rearm injury was self-infl icted or not, and 
number of prior fi rearm injuries, the inter-rater reliability 
score was 96%. 

1386 

charts queried for 

chief complaint or 

diagnosis of 

gun shot wound

1226 

patients included

160 charts excluded

¥ No chart available

¥ No firearm injury  
documented in chart


¥ Greater than 72 hours  
after firearm injury

Figure 1. Cohort inclusion matrix of 1226 patients who presented to the ED for firearm injury between July 1, 2014 and June 30, 2016.
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Characteristi cs of Study Subjects
Patient demographics are described in Table 1. 

Eighty-eight percent of patients presenting to the ED for 
fi rearm injury were male and 89% were African American. 
The median age was 26 years. Ninety percent of patients 
had no documented psychiatric history. Just over half of 
patients did not have medical insurance, and less than 
half identifi ed a religious affi liation. Twenty-three percent 
were unemployed, although employment data was not 
documented in the EMR on 41% of patients.  

Eight Percent of Firearm Injuries Were Self-Infl icted
Forty-eight percent of patients had a history of 

other prior accidental injury, which included non-assault 
related trauma such as motor vehicle accidents, and 20% 
of patients had history of another non-fi rearm assault. 
Forty-seven percent of patients in the study cohort were 
discharged home from the ED and 93% of patients survived 
their hospitalization (Table 2). Many patients in this cohort 
lived in a concentrated geographic region in north St. Louis 
(Figure 2). 

History of Firearm Injury
Table 3 describes the 173 patients who had a history 

of prior fi rearm injury and risk factors for fi rearm 
injury. Patients in this group were more likely to be male 
(98%) African American (99%), uninsured (67%), and 
unemployed (34%). Those with previous fi rearm injury 
were also more likely to have experienced other accidental 
trauma and non-fi rearm related assault compared to those 
without a history. Five of these patients had sustained 
three or more separate prior fi rearm injuries. There was 

Figure 2. Firearm injuries by ZIP Code of 1226 
patients who presented to the ED for Þrearm injury 
between July 1, 2014 and June 30, 2016. 

Sex, No. (%)
Male 1076 (88)
Female 150 (12)
Race, No. (%)
African American 1097 (89)
Caucasian 113 (9)
Asian 2 (0)
Not documented 14 (1)
Age
Age, median (IQR), y 26 (22-35)
Age range, y 14-81
Psychiatric history, No. (%)
No 1100 (90)
Yes 96 (8)
Not documented 30 (2)
Insured status, No. (%)
None 644 (53)
Medicare/Medicaid 203 (17)
Private 221 (18)
Local temporary healthcare program 21 (2)
Not documented 137 (11)
Employment, No. (%)
Unemployed 286 (23)
Employed 366 (30)
Student 40 (3)
Retired 11 (1)
Disabled 25 (2)
Not documented 498 (41)
Religion, No. (%)
None 665 (54)
Protestant/Baptist 380 (31)
Catholic 32 (3)
Jewish 1 (0)
Muslim 12 (1)
Not documented 136 (11)
Self-inßicted Þrearm injuries, No. (%)
Injury not self-inßicted 1132 (92)
Injury self-inßicted, unintentional 73 (6)
Injury self-inßicted, intentional 21 (2)
Number of prior Þrearm injuries, No. (%)

Table 1. Demographics and characteristics of 1226 
patients who presented to the ED for firearm injury 
between July 1, 2014 and June 30, 2016.

�1
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no difference in psychiatric history or religious affiliation 
between these groups. Patients with a previous firearm injury 
were more likely to return to the ED (40%) compared to 
those with no history of a previous firearm injury. 

Re-Injury
Of the 1,139 patients who survived their initial hospital 

visit, 35 (3%) returned to our ED within one year with a 
new firearm injury (Table 4). All these patients were African 
American males, with a median age of 23 years old. One 
patient suffered three separate firearm injuries within the 
one-year follow-up period. Although the number of patients 
in this group was small, they also skewed towards a higher 
prevalence of uninsured (66%), unemployed (31%), and 
without religious affiliation (69%) compared to those who 
did not return to the ED with a new firearm injury. There 
was no difference in psychiatric history between the groups. 
Nine of these patients with firearm re-injury had a history 
of previous non-firearm assault. A different subset of nine 
patients had a history of previous firearm injury (three or 

more lifetime firearm injuries). Patients in this subgroup 
were more likely than those without a history to re-contact 
the health care system again through outpatient follow up 
(69%) and repeat ED visits (43%). 

Discussion
Firearm injuries are now an endemic public health 

threat in the US. Firearm violence is among the leading 
causes of death for young adults.25 Recent research has shown 
that gun violence spreads through a community in a similar 
manner to contagious disease.26 St. Louis is at the epicenter 
of this disease progression.8,10,11

Our data correlate with previous work that indicate 
young, African American men are disproportionately more 

History of prior Þrearm injury 
(No. = 173)

No history of prior Þrearm injury 
(No. = 1053) OR (95% CI) P value

Age, median (IQR), y 26 (26-31) 26 (22-36)
Male, No. (%) 169 (98) 907 (86) 6.8 (2.5-19) <0.001
African American, No. (%) 171 (99) 925 (88) 11.8 (2.9-48) <0.001
Prior psychiatric history, No. (%) 10 (6) 86 (8) 0.7 (0.3-1.3) 0.24
Uninsured, No. (%) 116 (67) 528 (50) 2.0 (1.4-2.8) < 0.001
Unemployed, No. (%) 59 (34) 227 (22) 2.1 (1.4-3.2) <0.001
No religious affiliation, No. (%) 99 (57) 566 (54) 1.0 (0.7-1.4) 0.86
Injury not self-inßicted, No. (%) 170 (98) 962 (91) 5.4 (1.7-17) 0.001
History of other accidental trauma, No. (%) 110 (64) 482 (46) 2.1 (1.5-2.9) <0.001
History of non-Þrearm assault, No. (%) 54 (31) 188 (18) 2.1 (1.5-3.0) <0.001
Returned for outpatient follow-up visit, No. (%) 98 (57) 496 (47) 1.3 (0.9-1.9) 0.15
Returned to ED for any reason (except new Þrearm 
injury) within 90 days of index visit, No. (%)

69 (40) 281 (27) 1.7 (1.2-2.4) 0.001

Table 3. Comparison of demographics between patients who had prior history of firearm injury and those who did not in 1226 
patients who presented to the ED for firearm injury between July 1, 2014 and June 30, 2016.

No. (%)
Discharged 581 (47)
Operating room (OR) 270 (22)
Intensive care unit (ICU) 88 (7)
Floor 223 (18)
Expired 55 (4)
Left against medical advice 8 (1)
Transferred 1 (0)
*3% of patients died in the OR or ICU after disposition from the ED

Table 2. Disposition from the ED of 1226 
patients who presented to the ED for firearm 
injury between July 1, 2014 and June 30, 
2016.

1

likely to be shot and more likely to die from firearm injuries 
than their white male counterparts. Previous work in our 
region cited an average of 80 children aged 16 and younger 
presenting with firearm injury to the pediatric Level I 
Trauma Centers per year.27 Over seven times as many adult 
patients present to our institution’s ED per year, and these 
data do not include adults who have presented to other 
regional trauma centers.  The majority of these patients are 
under the age of 35, indicating that risk for firearm injury 
increases from adolescence. The results of our research can 
be generalized to other large, urban academic EDs, especially 
those in areas with higher rates of interpersonal violence.

Violence Begets Violence
Our data support the supposition that some patients 

who present with firearm injury return with penetrating 
trauma on subsequent ED visits.16  The literature suggests 
that urban trauma victims are more likely to need 
hospitalization and thus incur further healthcare expenses for 
subsequent violence-related injuries.28 Our data also support 
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previous work that young, African American males who are 
victims of firearm injury are at higher risk for recurrent 
violent injury and death than victims in other racial and age 
demographics.17,29 We found that these young men often lack 
potentially protective factors such as employment, health 
insurance and religious affiliation. However, there continues 
to be a paucity of firearm research at the regional, state and 
national level. Additional data are needed to understand the 
factors that contribute to firearm injury and re-injury in our 
region. 

By characterizing the patients who present to the ED 
with firearm injury, we enable hospital-based violence 
intervention programs targeted at reducing violent re-injury 
in high-risk patients.  In previous studies young males 
living in disadvantaged demographic areas or areas which 
experienced high levels of firearm violence were at higher 
risk of injury and re-injury; these findings were supported 
by our work which identified that a majority of patients 

History of new Þrearm 
injury (No. = 35)

No history of new Þrearm injury 
(No. = 1103)

Sex, No. (%)
Male 35 (100) 963 (87)
Female 0 (0) 140 (13)
Race, No. (%)
African American 35 (100) 982 (89)
Caucasian 0 (0) 106 (10)
Asian 0 (0) 2 (0)
Not documented 0 (0) 13 (1)
Age
Age, median (IQR), y 23 (21-26) 26 (22-35)
Age range, y 17-43 1-81
Insured status, No. (%)
None 23 (66) 591 (54)
Medicare/Medicaid 7 (20) 189 (17)
Private 4 (11) 209 (19)
Local temporary healthcare 
program 0 (0) 21 (2)

Not documented 1 (3) 93 (8)
Employment, No. (%)
Unemployed 11 (31) 262 (24)
Employed 15 (43) 341 (31)
Student 1 (3) 39 (4)
Retired 0 (0) 11 (1)
Disabled 1 (3) 24 (2)
Not documented 7 (20) 426 (39)
Religion, No. (%)
None 24 (69) 610 (55)
Protestant/Baptist 8 (23) 357 (32)
Catholic 1 (3) 31 (3)
Muslim 0 (0) 11 (1)
Not documented 2 (6) 94 (9)
Psychiatric history, No. (%)
No 33 (94) 1017 (92)
Yes 2 (6) 85 (8)
Not documented 0 (0) 1 (0)
Self-inßicted Þrearm injuries, 
No. (%)
Injury not self-inßicted 33 (94) 1021 (93)
Injury self-inßicted, unintentional 2 (6) 71 (6)
Injury self-inßicted, intentional 0 (0) 11 (1)

Table 4. Comparison of demographics and follow-up between patients who 
sustained a new firearm injury within one year of index injury and those who did 
not in the 1138 patients who survived initial hospital presentation for firearm injury 
between July 1, 2014 and June 30, 2016.

"1

presenting to the ED with firearm injuries lived in a 
concentrated geographic area in north St. Louis.34,35

Five hundred and ninety-two (48%) patients in 
this sample had contact with the health care system 
for a traumatic injury prior to their index firearm 
injury. ED visits for traumatic injury represent an 
opportunity to provide social work, case work, and 
counseling-based interventions to help disrupt the 
cycle of violence in high-risk individuals. Moving 
forward, these data will inform the launch of a 
St. Louis region-wide hospital-based violence 
intervention, Life Outside of Violence, which will 
provide such interventions to patients at risk for 
violent injury. This program will begin enrolling 
patients in the summer of 2018. 

 
Limitations

This study was limited by its single center, 
retrospective design as availability of relevant 
data depended upon thorough documentation 
in the EMR by physicians, nurses, social workers 
and other hospital workers. Re-injury rates were 
likely underestimated, as data were not available 
on patients who presented to other hospitals with 
new injuries or those who died from their injuries 
in the pre-hospital environment. Additionally, one 
year post-index presentation is a narrow window 
to evaluate for firearm re-injury as compared to 
existing literature. Further region-wide study is 
needed to better delineate the burden of firearm 
disease and areas for targeted intervention.
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Murder Rate & Violent Crime in 
USA Much Lower Than 1990-1992
these statistics from 2016 are the latest available from 
FBi data.  violent crime rate follows a similar dramatic fall 
from 1990-1992. world-wide, “there was an annualized 
decrease of 0.9% in the global rate of age-standardized 
firearm deaths from 1990-2016” 

Source:  Global Mortality From Firearms, 1990-2016  JAMA 2018;320:792-814
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Introduction
We may be at the advent 

of a revolution in computer 
applications in clinical care and 
medical research. Quantum 
computing can exponentially 
advance computational power 
and promises to usher in a new 
epoch in computing technology. 
Quantum computing compared to 
current computing could be what 
the first personal computer was to 
Charles Babbage’s 1833 primitive 
computer the ‘difference engine”.

A Patient Encounter in the 
Age of Quantum Computing

Ms. Jones is at her annual 
follow-up for long term cancer 
screening.  She had tissue sparing 
breast cancer surger y 20 years ago 
and has since been cancer free.  
Today she goes to the high speed 
imaging center and meets with her 
physician, Dr. Doe, 20 minutes 
after the scan.  Dr. Doe brings 
up results of her imaging on the 
electronic health record. Ms. Jones 
is calm as all her medical records 
are secured with unbreakable 
quantum encr yption. The quantum 
imaging software identified a 
1/10th mm square cluster of cancer 
cells near her original surger y 

site.  Due to her histor y and after 
confirmation by the radiologist, 
Ms. Jones is scheduled for high 
precision radiation treatment 
the following week. A quantum 
computer is used to direct a 
radiation beam that destroys the 
cancer cells with extreme precision 
and spares all surrounding 
tissue.  This rapid detection of 
a tiny cluster of cancer cells and 
their destruction is one of many 
potential advances in medicine 
that could occur pending the 
realization of quantum computing. 

Many people are familiar with 
IBM’s Watson computer which 
famously beat past Jeapordy! 
champions in 2011, or Google’s 
AlphaZero machine learning chess 
algorithm that soundly defeated 
the best brute force computer 
chess champion in 2017.  In 2018, 
IBM Watson Health now promises 
to provide more efficient patient 
care, population health, improved 
quality and earlier diagnoses, such 
as finding cancer at an early stage.1  
These ser vices are possible because 
Watson has been fed the American 
College of Physician Medical 
Knowledge Self-Assessment study 
guide and the Merk Manual of 
Diagnosis and Therapy.2  The 

We may be at the 
dawn of a revolution 
in computing.  At 
this time we can only 
point to experiments 
and speculate how 
quantum computing 
could improve imaging, 
diagnosis, treatment, and 
population health.
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computational power to 
generate diagnoses in 
real time or to increase 
the precision of imaging 
to detect early stages of 
cancer may soon push 
beyond the limits of the  
standard binar y 0/1 system 
available to Watson. Private 
industr y (Google, IBM, 
etc.) and government 
agencies are already 
investing into quantum 
computing and artificial 
intelligence systems to make 
this happen. Thus, IBM 
may be one of the first to 
impact health care through 
quantum computing or 
artificial intelligence.

What is Quantum 
Computing and Why 
is it Different than 
Our Current Computer 
Technology?

Quantum computing 
is a revolutionar y concept 
in digital data processing 
based on the fundamental 
principles by which 
nature operates, i.e. 
quantum mechanics. With 
advancements in physics in the early 20th centur y, 
methods of obser vation and purity of materials 
reached the level at which some quantum phenomena 
became detectable. The best example of this is a 
regular transistor present in ever y modern computer 
or device. It operates by directing large clouds 
of carriers of electrical current using engineered 
materials and quantum-based principles (band 
structure, localized states, etc.). They produce 
behavior unusual for naturally found materials – an 
ability to precisely control current with current, or 
current via light, or light via current. 

Recently, miniaturization 
of transistors, detectors, 
and, at the same time, 
access to extremely low 
temperatures (such as 
-273C) have opened the 
possibility to operate, 
obser ve, and, most 
importantly, isolate 
individual particles with 
their inherently quantum 
properties. These properties 
are one reason the desktop 
or laptop computers we use 
have little resemblance to 
quantum computers (see 
Figure 1). Even though 
theoretically established 
for over 100 years, these 
properties have only 
recently been obser ved and 
verified over a wide range 
of particles and systems. 
While being nonsense in our 
daily experience, quantum 
mechanics has already 
led to dramatic advances 
in a few specific areas in 
medicine (e.g., MRI, laser 
surger y) with potential 
to revolutionize medical 
research and clinical care.3 
Because modern computers 

have largely saturated computational power and no 
longer grow exponentially as occurred in the last 
centur y, quantum computing, if realized, is the most 
promising technology for major advancements in 
processes currently beyond the reach of existing 
computing power.4 

All currently known and beneficial quantum 
algorithms that can run on quantum computers are 
based on the ability of the quantum system, upon 
certain rearrangement, to behave in unison. The 
system of many (quantum) particles, each holding a 
bit of information, behave as one – a property based 

Figure 1. an iBM Quantum computer 
Source: htt ps://www.research.ibm.com/ibm-q/network/ 
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on so-called quantum 
entanglement. For this 
reason, large chunks of 
data can be processed at 
once, operating essentially 
on only a few particles, 
that is, in a massively 
parallel manner. This will 
allow tasks5-7 that would 
require centuries of 
computing on a standard 
computer to require only a 
few minutes on a quantum 
computer.

A key challenge for 
quantum computers is 
to provide and maintain 
isolation of individual 
quantum particles (qubits, 
illustrated in Figure 2) 
involved in computation. 
Extreme and stable cooling 
is required to make wire 
circuits (or circuits made of other materials) behave 
in a quantum fashion. Cooling superconducting 
systems to about a 10 thousands of a degree above 
absolute zero creates the needed degree of isolation8 
to form computational quantum particles (qubits). 
Operated by electrical signal from a classical 
computer, these systems must be maintained at these 
extreme low temperatures by a large refrigeration 
apparatus involving a rare helium-3 isotope. In these 
extreme conditions, quantum particles (qubits) 
remain sufficiently isolated, or coherent, for about 
0.1 ms – a 10 thousands of a second.9 Some other 
systems based on natural and artificial atoms rather 
than metal wires have also reached similar isolation 
and operability.10,11

At this time quantum computing is an academic 
domain with users able to access and run programs 
in the cloud using ‘IBM Q’.   Yet larger and 
larger quantum computing devices have become 
commercially available12 and can perform a small 
number of operations on a relatively small number of 
quantum particles (qubits). Most of these systems are 

based on superconducting 
technology and can 
contain up to about 100 
qubits. Some quantum 
computational devices 
have even been made 
publically available for 
the research community 
to test and investigate 
small quantum codes via 
web interfaces (e.g., IBM 
Q). All currently available 
quantum computational 
devices, however, are 
far from a functioning 
quantum computer as they 
are not yet able to run 
large codes or work with 
‘big data’.

An important 
exception is one area of 
quantum computing - 
quantum cr yptography.13 

With significant government investments (NSA, 
DOD, DOE), quantum cr yptography is being already 
used to secure communications.14-16 Standard 
encr yption methods rely on a keycode for the user 
to access encr ypted data. However, the key must be 
shared and can be decoded by unauthorized persons 
seeking to ‘hack’ a system. With quantum computing, 
the key and the data can be secured indefinitely with 
guaranteed unbreakable encr yption. Such strong 
security is possible because quantum encr yption 
relies on the laws of nature (quantum mechanics) 
to furnish it. Thus, cr yptography is expected to be 
the first application of quantum computing to enter 
medical practice to secure medical records and 
communication. 

If Quantum Computing Becomes Available for 
Daily Use What Can We Expect to Change in 
Medical Research and Delivery of Care?

Big data research and machine learning is likely 
to be one of the fields to advance quickly with the 
advent of real world functional quantum computers.  
Beam and Kohane17 provide an excellent description 

Figure 2. a computational quantum particle – qubit – represented as 
a unit (Bloch) sphere. unlike regular bit that takes values of 0 or 1, a 
qubit can take any values on a sphere, as represented by two angles. 
The poles correspond to classical 0/1 bit values.
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of machine learning, noting that there is a machine 
learning spectrum which runs from how much a 
predictive algorithm is driven by human decisions 
vs. decisions based on data. A statistical model 
requires human decisions about variable definitions 
and their inter-relationships.  In machine learning, 
there are few assumptions and algorithms are derived 
by computer programs that evaluate millions of 
data elements and all their potential directions of 
effect and interactions.  The more an algorithm is 
derived from raw data and with less human input, 
the more it fits into machine learning. Machine 
learning that informs clinical practice in real time 
depends on growing databases containing constantly 
updating medical record information and linked to 
other sources of data (e.g. wearable technology). To 
deal with this complexity future machine learning 
programs will require computational power of 
quantum computing to deliver results in real time.  
With more data informing predictive models and 
quantum computer power, the clinician may be able 
to select a therapy perfectly suited to an individual 
patient based on models continuously running 
and updated to predict treatment response while 
accounting for the numerous patient characteristics 
(race, age, gender, comorbidities, co-medications, 
genetic make-up, etc.) which contribute to outcomes.

With the first quantum computing devices 
becoming operational in around 2000, Parsons18 
speculated that quantum computing applications 
would generate a new era in medical imaging. It is 
expected that a quantum MRI machine will generate 
extremely precise imaging allowing visualization 
of single molecules.3  Using artificial intelligence, 
quantum computing can be applied to interpreting 
diagnostic images.  Not only will image detail be 
exponentially improved but the physician can be 
aided in interpreting results because efficient machine 
learning can train a quantum computer to identify 
abnormal findings with precision better than the 
human eye.2

In cancer treatment, quantum computing will 
contribute to improved therapies. Computers are 
currently used to deal with the thousands of variables 
used to develop a radiation plan that targets cancer 

cells without damaging healthy ones.19 Quantum 
computers would allow rapid and more precise 
radiation plans and allow comparisons between all 
possible approaches.  The end result would be an 
ideal radiation dose pointed at the right target and 
thus lead to more effective treatment with reduced 
side effects.19,20

Machine learning and artificial intelligence have 
been used with traditional computing resources to 
interpret CT scans, aid surgical procedures and to 
analyze big data to develop predictive models of 
disease.  Gulshan et. al.21 used machine learning 
and nearly 10,000 retinal images to create an 
algorithm that can detect diabetic retinopathy with 
high sensitivity and specificity.  The authors note 
that this is an experimental design with no known 
clinical utility.  If programs such as the one created 
by Gulshan and colleagues21 had the computational 
power of quantum computing, one could imagine 
running an algorithm in real time to help physicians 
accurately detect retinopathy, possibly at an earlier 
stage.

Machine learning holds great promise in 
eliminating most diagnostic errors related to reading 
imaging. Dilsizian and Siegel2 describe how artificial 
intelligence can overcome the source of diagnostic 
errors in medical imaging.  Computers overcome 
human sources of error such as: being stuck on initial 
impression, over-reliance on context, drawing quick 
conclusions based on a previous case and failure to 
consider other answers once a conclusion is made.   

The volume of material and speed of new 
research discoveries is overwhelming.  Even the best 
attempts at providing guideline driven, evidence-
based medicine are challenged by the rapid creation 
of new evidence.  Combining big data with quantum 
computing will provide access to the current evidence 
and enable meaningful use of the electronic data 
continuously generated in the deliver y of care. 
Realization of personalized medicine will need to 
draw on analysis of mega-data and bring together 
measures of physiology, imaging, genomics, wearable 
technology, screening measures, patient records, 
environment measures and more.20

Quantum computing holds no value to medicine 
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without the parallel increase in availability of 
clinically meaningful data from numerous sources.  
Challenges to realizing a healthcare system where 
quantum computing uses decades of data from 
billions of clinical encounters and recommends a 
specific medication for a patient presenting with new 
onset depression, cancer, diabetes or any condition, 
will be overcome when data can be merged from 
multiple sources including existing patient data 
networks, bio-banks, and wearable health devices, 
etc.  

Will the future include visits to virtual 
physicians?  Most patients expect more than a pill 
when they seek care.  Particularly when treatment 
involves greater risk as in surger y and when treatment 
effectiveness requires patient adherence to complex 
regimens. Quantum computing does not replace 
the doctor-patient relationship, transparency and 
trust required in shared decision making.  Nor will 
a computer replace the ability of a physician to offer 
encouragement, empathy, social support and most 
importantly providing words of encouragement and 
a pat on the back, a handshake, a smile and even a 
hug.  We must never underestimate the power of the 
social contract patients make with physicians and 
the support of doctors, nurses, staff play in healing.  
Computer algorithms, whether run on a “traditional 
computer” or a future quantum laptop computer, do 
not have feelings and will never be able to provide the 
impact of a surgeon’s promise to “get you through 
this procedure” or the reinforcing effects of a 
primar y care provider’s encouragement to “walk just 
another 5 minutes” to enhance your health.

Summary
We may be at the dawn of a revolution in 

computing.  At this time we can only point to 
experiments and speculate how quantum computing 
could improve imaging, diagnosis, treatment, and 
population health. It is yet to be determined if and 
when quantum computers will be accessible for daily 
use in medicine and research.  We have numerous 
examples of machine learning algorithms and artificial 
intelligence that may leverage the power of quantum 
computing to deliver real time results.  Until this 

level of access is available, quantum computing will 
remain the domain of researchers, not physicians.
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Abstract
Giant cell arteritis is the most 

common large vessel vasculitis.  
Classic symptoms include 
headaches, scalp tenderness, 
visual loss and muscle stiffness 
and pain.   First line treatment 
is with high dose steroids but 
methotrexate may be of some 
help in decreasing steroid use.  
Tocilizumab has been shown to 
significantly  decrease relapse 
rate and lower steroid cumulative 
dose.

Introduction
Giant cell arteritis (GCA) 

(previously called temporal arteritis) is 
a large vessel vasculitis usually seen in 
older adults over the age of 50.  It is 
the most common vasculitis in North 
America and Western Europe. GCA 
classically targets large vessels with 
predominance for the aorta and its 
Branches.1 Arterial inflammation may 
lead to vascular damage which can 
result in stenosis, occlusions and even 
aneurysms. Additionally, the arterial 
inflammation may lead to serious loss 
of function including visual loss, limb 
anoxia and stroke. Suspicion of giant 
cell arteritis is a medical emergency and 
patients need to be quickly diagnosed 
and treated to prevent irreversible 
consequences of vessel inflammation.  

Clinical Features
Giant cell arteritis (GCA) typically 

occurs in individuals over the age of 
50. Mean age is approximately 70.2 
GCA is 2 .5 more likely to occur in 
women than men with lifetime risk at 
1% for women and 0.5% for men.3 It 
is also more likely to occur in Northern 

Europe countries and those of northern 
Europe ancestry with incidence rate 
of 20 per 100 ,000. The incidence 
of GCA is much lower in southern 
Europe and Mediterranean and quite 
rare in patients of African and Asian 
descent. 4,5,6 

HLA genes that have been 
identified through GWAS (genome 
wide association studies) that are 
associated with the development 
of GCA as well as increased 
complications. The HLA gene most 
commonly associated with GCA in 
Caucasians is HLA Br1*04. Those 
with this gene are at higher risk for 
developing GCA and also at higher risk 
for complications of GCA such as visual 
loss and also at higher risk of resistance 
to glucocorticoids. 7,8,9 There are 
also non-HLA genes associated with 
GCA – including PTPN22, LRRC32, 
IL17A, IL33.   Most of the genes that 
have been identified are involved in 
endothelial function, innate immunity 
system, cytokines and cytokine 
receptors. 10

2GCA    
 The onset of GCA may be acute 

or insidious. Typical symptoms of 
giant cell arteritis  (Table 1) include 
headaches, scalp tenderness and 
jaw claudication but constitutional 
symptoms are common including 
malaise, fatigue, weight loss and 
anorexia and low-grade fever.  Eighty 
to 90% of individuals have symptoms 
involving the extracranial arteries of 
the aorta, including headaches and 
scalp tenderness and jaw claudication 
and visual loss. Headaches occur at 
least 70-80% of the time, but not 
universally, and are typically severe and 
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may be unilateral or bilateral and 
are usually located in the temporal 
area.1 Patients usually describe 
the pain as sharp and burning and 
severe. Scalp tenderness usually 
presages the headaches by a few 
weeks.  Headaches and scalp 
tenderness tend to occur prior 
to the onset of visual loss.   The 
visual loss occurs in about 30% of 
patients and is permanent in about 
10-15%. 11   This is considered a 
medical emergency and patients 
need to be treated with high dose 
prednisone or pulse solumedrol 
as quickly as possible. More than 
50% of patients will present with 
polymyalgia rheumatic which is 
usually manifested with significant muscle and morning 
stiffness classically in the proximal girdle locations. Jaw 
claudication occurs in about 40% of patients and again 
is usually early finding but tongue claudication is rare. 
Temporal artery tenderness or bulging of the artery may 
occur and on physical exam one may find the artery to be 
nodular or indurated.  Aortic arch syndrome is not common 
nor is lower or upper extremity claudication but may be 
present due to involvement of the large arteries such as the 
femoral or brachial arteries.  Fever of unknown origin or  
failure to thrive is a rare but possible presentation of quite 
elderly patients.

Comorbid conditions include myocardial infarctions and 
patients with GCA are at 4 times more risk of MI than age 
matched controls.12  Cerebrovascular accidents are usually a 
later phenomenon and are increased 2.5 times compared to 
those without GCA.13 Other vascular conditions including 
aneurysms and dissections are also 2.5   times more 
common to happen in patients with GCA.14 

 
Pathogenesis

Immunopathology is not clearly understood as yet 
but it appears that dendrocytes within the adventitial layer 
activate T cells – Th1 which produce gamma interferon and 
Th17 which produce IL (interleukin) 17 and Th21 which 
produce IL21.  Interestingly, Th1 and gamma interferon 
(IFN) seem to persist throughout the disease process and 
do not decrease with steroid treatment but Th17 and IL17 
does. Other major cytokines detected include IL2, IL17, 
IL9, IL21, gamma IFN as well as cytokines related to th17 
development – il6, il1 and il23.   The presence of HLA 
DR4-01 suggests that antigen selection and presentation play 
a role in the pathogenesis.15,16,17

Diagnosis
The diagnosis of GCA is usually 

suspected in patients with new onset 
of severe headache. Workup includes 
ESR and CRP measurements which 
are typically elevated with ESR above 
50. Anemia and mildly elevated liver 
enzymes may also occur. Temporal 
artery biopsy is the gold standard 
for diagnosis but can be negative in 
30% of patients with GCA. 18,19 Data 
has been shown that the temporal 
artery biopsy needs to be done 
within two weeks of starting steroids 
or other treatment. Skip areas are 
not uncommon which is why a large 
sample size is recommended when 
obtaining a temporal artery biopsy.  

Classic pathology finding is giant cell granuloma formation 
often near to a disrupted internal elastic lamina.  However 
multinucleated cells are not required for diagnosis.  Evidence 
of arteritis involves all three layers of the artery – adventitia, 
media and lamina.  

Imaging studies also may be used to determine the 
presence of GCA.  These include MRI, ultrasound, CT 
and pet scan.19  These techniques have both positive and 
negative  concerns. MRI/MR angiography is very helpful 
for identifying edema of the vessel wall with wide vascular 
areas able to be screened.  This is minimally invasive but 
is expensive and has some contraindications  (implanted 
medical devices, contrast allergy). Ultrasonography can assess 
involvement of temporal arteries and large vessels but is 
operator dependent and difficult to assess involvement of the 
thoracic aorta. CT angiography is very good at looking for 
large vessel involvement and is rapid and not as expensive as 
MRI but has limited resolution of small vessels and requires 
radiation.  PET with flurodeoxyglucose is also good at 
looking at large vessels and evaluating the extent of disease in 
aorta and its branches it is sensitive and reproducible but is 
expensive and is limited in evaluating cranial vessels.

      
Treatment

Treatment has been classically with steroids – these were 
first used in 1955 and still what is recommended initially 
due to the quick onset of response as well as the risk of 
irreversible visual loss often within weeks of the onset of 
symptoms. Generally, 40-60 mg daily for the first month is 
recommended with taper not faster than 10% per week or 
per month. Pulse solumedrol has been used in those with 
impending visual loss with trials showing equivocal results. 
Other agents have been looked at either in small case reports 
or in small clinical trials but so far only tocilizumab which 

table 1. clinical Features of giant cell arteritis

FREQUENT
• Headaches
• Scalp tenderness
• polymyalgia rheumatic
• elevated esr/ crp
• Anemia

COMMON
• ocular symptoms
• Jaw claudication
• Malaise
• weight loss
• Anorexia

UNCOMMON
• Cerebrovascular accidents
• Myocardial infarctions
• limb claudication
• High fever
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has been shown to be quite effective to decrease relapses and 
decrease steroid use has been FDA approved for use in GCA.

Methotrexate was used in three randomized trials 
20,21,22– the first randomized controlled trial used low dose 
methotrexate (10mg weekly) with 21 patients with newly 
diagnosed disease.  This failed to show a decrease in disease 
flare or prednisone cumulative dose.  The second trial 
included 42 patients and did show fewer relapses (46.6% vs 
83.3%) and steroid sparing effects (1302 mg less steroids 
in methotrexate treated group.)   The third study also done 
with only newly diagnosed GCA was the largest (92 patients) 
and with higher dose of methotrexate -  15mg weekly 
maximum dose   but no difference in relapse or median dose 
of steroids was seen in this trial. A meta- analysis was done 
suggesting methotrexate decrease relapse by 35% and second 
relapse by 51%.    Hydroxychroloquine and azathioprine 
have been used by rheumatologists as steroid sparing agents 
Both have been studied in small group of patients with GCA 
and did not show any benefit.  

Biologic agents including TNF blockers, abatacept, 
rituximab, ustekinimab, rituximab and anakinra as well as 
tocilizumab have been looked at in GCA.   The TNF blocker 
trials have been unsuccessful in demonstrating efficacy in 
GCA.23,24,25   A randomized controlled trial with abatacept 
was done with a small number of patients which included 
new and relapsing patients. The results showed definite 
improvement in relapse rate with 48% participants relapse 
free versus only 31% on placebo.26  Ustekinumab was used 
in a very small open design study in only 14 patients –  this 
did show marked  decrease in steroid use – from 20mg 
to 5mg daily in patients treated with ustekinimab.27There 
was one report with   IL 1 receptor inhibitor (anakinra) 
used in 3 patients with refractory GCA –  all three  treated 
with anakinra showed rapid improvement with a decrease 
in steroids as well as resolution of imaging abnormalities.28 
Rituxamab was used in 2 refractory GCA patients with 
some improvement in vasculitic manifestations but with 
limited followup.29 Tocilizumab was studied in a fairly large 
randomized placebo-controlled trial.30   This included both 
newly diagnosed patients as well as those with relapsing 
disease.  There was a fixed prednisone taper either 26 or 
52 weeks depending on the trial arm in the placebo group. 
The results in the 52-week period showed 60% of patients 
on weekly tocilizumab and 58% of patients on every other 
week dosing were relapse free while on 22% of patients on 
prednisone alone (either the 26 or 52-week taper) were 
relapse free at 52 weeks.  In patients with relapsing disease at 
the beginning of the trial 52% on weekly TCZ and   48% on 
every other week TCZ were relapse free while only 7% and 
14% in prednisone 26 and 52-week taper arms respectively.  
The cumulative dose of prednisone in the placebo arms were 
over 3800 mg in one year but were decreased significantly in 

those treated with TCZ - 1887 in weekly and 2207 in every 
other week. 

Summary
Giant cell arteritis is the most common large vessel 

vasculitis - it is classically seen in patients over the age of 
50 presenting with headaches, scalp tenderness and jaw 
claudication.   When suspected patients should be treated 
urgently with high dose steroids until diagnosis is clearly 
established or ruled out. Temporal artery biopsy is still 
recommended in making the diagnosis although imaging 
studies may also be helpful where available.  Steroid- sparing 
agents including methotrexate may be helpful to decrease 
cumulative doses of steroids and steroid resistant including 
methotrexate. Tocilizumab is the first agent to demonstrate 
increased remission  rate in both new and relapsing patients 
as well as significantly total lower doses of glucocorticoids 
over one year in a large randomized controlled trial. 
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Mo Hospital associati on
web.mhanet.com
573-893-3700

ccpa purchasing partners, lp 
www.ccpapp.org
312-227-7436

docbookMd
www.docbookmd.com
888-930-2048

gonext - travel
www.gonext.com
800-842-9023

i.c. system, inc. 
collecti on service 
www.icsystem.com
800-279-3511

lifelock
www.lifelock.com
800-lifelock

Medical waste services
www.medicalwasteservices.org
866-355-7094

Medjet assist
www.medjet.com
800-527-7478

Missouri drug card
www.missouridrugcard.com
800-869-6762

Moneta Financial
& reti rement planning 
www.monetagroup.com
800-833-1301

offi  cite
www.offi  cite.com/msma
866-638-6519

part B news group 
publicati on subscripti ons
877-397-1496

resolve physician agency 
www.resolvephysicianagency.com
877-758-3318

sHow Me HealtH inForMation networK
www.shineofmissouri.com
844.424.4370

tsys Merchant soluti ons
www.tsysmerchanti nsights.com
888-749-7860

Go to www.msma.org/membership-perks or call 800-869-6762.
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• Enhance Patient Encounters

• Effectively Coordinate Care

• Increase Workflow & Productivity

• Realize Cost & Time Savings

•Elimination of Duplicate
      Labs, Testing, & X‐rays

•Focus on Patient Safety

•Reduced Readmissions

•Secure Online Access 24/7 to 
      myMOHealtheRecords.com

www.SHINEofMissouri.com | 844.424.4370
A member of the KAMMCO Network

The Time Is NOW
Health Information Exchange

Join SHINE of Missouri, the physician‐led HIE of Missouri.

In partnership with Missouri State Medical Association

In partnership with Missouri State Medical Association

Missouri Patients Experience:

Missouri Physicians Can
Access HIE Data To:



MSMA Insurance cares for physicians and 
covers their personal and professional needs.
Contact Ronnie Staggs | 866-676-2467  |  www.msma.biz | rstaggs@msma.biz

Coverage for Affl uent Homes
Experience the peace of mind that comes from working 

with an insurance professional who understands your unique needs.


