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Parents desire to protect their children, 
but some risks to children’s health 
and safety are beyond a parent’s 
control. In this issue of WMJ, authors 
discuss the impact of some of those 
risks, reminding clinicians that they 
can also help their patients outside 
of the clinic. 
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LETTER TO THE EDITOR

The Illusion of Selection Bias in Matters 
of Students’ Mental Health

Dear Editor:

We read, with significant interest, the study by Van Remortel et al that de-
scribed the state of mental health of Wisconsin medical students.¹ We ap-
plaud the authors for shining a bright light on a common, yet often over-
looked, problem plaguing medical education. They humbly suggest, 
“Voluntary participation may have resulted in selection bias, as distressed 
medical students may have been more likely to complete the survey.” Here, 
we offer 2 scenarios that consider the implications of full survey participa-
tion and boldly suggest that, even if selection bias were present, the findings 
remain germane.

In the University of Wisconsin cohort, if the 455 nonrespondents had indi-
cated “medical school did not have a negative impact on their mental health,” 
20% still would have indicated that medical school had had a negative impact 
on their mental health. 

Similarly, in the Medical College of Wisconsin cohort, if the 510 nonrespon-
dents had not reported having a “mental health condition while in medical 
school,” 12% still would have reported that they did have a mental health condi-
tion while in medical school.

These calculations might be interpreted as best-case scenarios. 
Nevertheless, the numbers remain alarming, and we speculate the report un-
derestimates the scope of the problem. Ironically, barriers to survey participa-
tion may mirror those identified for not pursuing mental health services (eg, lack 
of time and fear of stigma) or those encountered in reporting mistreatment (eg, 
fear of reprisal).²

Medical educators must be vigilant of the “hidden” mental health epidemic 
among our learners. As training progresses and rigor increases, concealed dis-
turbances may go unnoticed, continually spiraling, and resulting in damaged 
relationships, injured patients, and self-harm. The authors have provided a start-
ing point, and we should not allow limitations of a survey-based study blind us 
to the gravity of the findings. Instead, we should whole-heartedly congratulate 
them for naming (eg, depression) and calling out the impact of disrupted medi-
cal student mental health (eg, limited self-care), no matter how prevalent—a 
necessary first step in alleviating its burden.

To stem this epidemic, the Kern National Transformation Network at both 
Wisconsin medical schools is laying innovative groundwork to transform medical 
education by reimagining and resetting such best-case scenarios. We remain 
optimistic that transforming the clinical learning environment will prioritize char-
acter development, competency training, and caring. Otherwise, if we cannot 
optimize care to heal our learners and each other, how can we expect them to 
for our patients and communities?

Jayshil J. Patel, MD; Kathlyn Fletcher, MD; Erica Chou, MD; MaryAnn Gilligan, 
MD; Kurt Pfeifer, MD; Martin Muntz, MD

Author Affilations: Medical College of Wisconsin, Milwaukee, Wis (Patel, 
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based efforts are likely to better serve this 
demographic, which may have a historical 
distrust of the medical system. In particu-
lar, peer-to-peer education makes informa-
tion more accessible to teens who may not 
receive adequate education at school or at 
home. The RIPPLE study demonstrated that 
peer-educated teens in the United Kingdom 

had fewer self-reported pregnancies by age 
18 when compared to teens who received 
teacher-led sex education.² Training teens to 
be advocates for their own sexual health and 
wellness improves the chance that the infor-
mation being spread within the community is 
accurate and complete. Additionally, holding 
community workshops where teens and par-
ents can learn together in a familiar, nonclini-
cal environment ensures that parents are also 
educated and are able to share appropriate 
information with their children. Improving the 
availability and visibility of educated commu-
nity members who may be perceived as more 
approachable than clinicians—and who have 
more thorough information than schools—will 
better serve the most vulnerable members of 
the African-American population.

does not explicitly require information about 
contraceptives, nor does it have a require-
ment for the age at which the education 
occurs, the duration of the education, or who 
provides it. This policy means that the quality 
and content of sex education that Wisconsin 
students receive—if any—varies widely from 
school to school. Furthermore, curricula 

that are in place often are biased, favoring 
sex within heterosexual married couples, a 
situation that is not reflective of the reality 
of many African-American teenagers who 
commonly see single and teenage parents in 
their communities and homes. A more inclu-
sive and comprehensive curriculum would be 
more relevant for populations that do not fit 
this narrow mold. Moreover, approaching sex 
education from the lens of building healthy 
relationships, both physically and emotion-
ally, removes the shame and fear inherent to 
many of the current curricula.

While improving the quality of sex edu-
cation provided in schools would aid all stu-
dents, the African-American student popu-
lation would perhaps benefit even more 
through additional initiatives. Community-

The reduction in teen pregnancy 
rates in the last 27 years since its 
peak in 1991 has been a marked 

success in public health. Wisconsin has one 
of the lowest teen pregnancy rates in the 
country, a triumph of increased contracep-
tive use by teens. A closer look at the data, 
however, reveals severe racial disparities. 
Of the 31 states that choose to report data 
stratified by race, Wisconsin has the fourth-
lowest rate of teen pregnancy among white 
teenagers and the fourth-lowest rate overall. 
However, for African-American teens specifi-
cally, Wisconsin ranks an appalling 27th out 
of those 31 states.¹ Clearly, there is essential 
work to be done to provide better reproduc-
tive care and education for young African-
American men and women. Delivering com-
prehensive and accessible sex education for 
African-American teens requires not only 
quality teaching in schools, but in communi-
ties and clinics as well.
 Wisconsin law currently does not require 
public schools to teach sex education. If a 
school chooses to do so, the curriculum 

Talking to African-American Teens About Sex
Danielle Hartwig, MD

Delivering comprehensive and accessible sex 
education for African-American teens requires 

not only quality teaching in schools, but in 
communities and clinics as well.
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In addition to advocating for more com-

prehensive sex education in schools and 

greater  support of community-based pro-

grams, physicians can also make changes in 

how they talk to teenage patients about sex. 

African-American teens may feel judged or 

stereotyped when their physician asks them 

about sex. This is particularly true when the 

subject is broached by a physician of a dif-

ferent race, culture, or sex. African-American 

patients tend to have greater satisfaction 

with their care if their physician is race-

concordant,³ and likewise tend to rate race-

discordant physicians lower the more mea-

sured implicit bias the physician has against 

African-Americans.⁴ 

Normalizing the conversation about sex and 

approaching it in an unbiased manner is impor-

tant to create a safe and comfortable space 

for every patient to ask questions. Spending 

a few minutes alone with teenage patients at 

every visit—even acute care appointments—

optimizes opportunities to discuss sensitive 

topics, especially for patients who may not 

present for routine care. Making conversations 

about healthy peer relationships a routine part 

of visits with young children makes the tran-

sition to having conversations about sexual 

relationships when they are older more fluid. 

It also allows the clinician to establish a trust-

ing relationship with the patient early on so 

that they feel more comfortable approaching 

their clinician with questions about sex-related 
topics when they arise. Finally, framing the dis-
cussion around the teen’s goals and expecta-
tions for their life, both now and in the future, 
allows the clinician to form a partnership with 
the patient, gives the patient more autonomy 
over their health care decisions, and may help 
elucidate long-term direction for the teen. The 
American Academy of Pediatrics has published 
a detailed report outlining the appropriate and 
most effective ways to address these topics in 
the adolescent population.⁵
 While changing the curriculum of sex edu-
cation in schools and improving accessibility 
to community-based programs will require 
substantial effort and motivation from multiple 
agencies, making meaningful changes in how 
clinicians talk to their African-American teen 
patients can begin to reduce the disparity in 
the teenage pregnancy rate in this population.
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Children and Risk
Sarina Schrager, MD, MS, WMJ Associate Editor

things in a controlled environment. However, 

the idea that we can expose children to risks 

in a controlled environment seems to be a 

contradiction. Real risk implies real danger, 

not a scripted experience designed to give 

children the illusion of taking a chance.

Unfortunately, thousands of children in 

Wisconsin do not have the opportunity to 

be exposed to “limited risks,” as they are 

exposed to real risks. Almost 17% of chil-

dren in Wisconsin live in poverty.² Children 

who live in poverty are exposed to real risks 

including gun violence, homelessness, and 

food insecurity. 

Several papers in this issue discuss risks 

Taking a risk implies being exposed 
to some type of danger. A parent’s 
instinctive reaction is to protect their 

children from risk. From birth—when they 
are at risk of choking, to toddlerhood—when 
they are at risk of falling or running away, to 
adolescence—when they are at risk of mak-
ing bad decisions or being bullied, parents 
want to help their children be safe. By pro-
tecting them, we feel like we are doing our 
duty as parents. We don’t want our children 
to suffer any pain or emotional hardship. 
However, the protection can become detri-
mental to a child’s development. The pejo-
rative term “helicopter parent” describes a 
parent who is omnipresent and overbear-
ing. These parents are overprotective and 
do not allow their child to experience any 
risk, which may backfire as the child grows 
up and does not have the skills to deal with 
adversity.

The backlash against overprotective par-

ents is a movement among childhood devel-

opment experts (many in Europe) of creating 

situations that expose children to limited risks 

for “an experience essential to childhood 

IN THIS ISSUE

development, useful in building resilience.”¹ 

Playground designers in the United Kingdom 

have created play areas for children with “lim-

ited risks” that the children are allowed to 

experience, while at the same time not expos-

ing them to any serious danger. These play-

grounds have piles of bricks, wood boards that 

children can climb on, and some even have 

fire pits so that kids can experience burning 

Unfortunately, thousands of children in Wisconsin  
do not have the opportunity to be exposed to “limited 

risks” as they are exposed to real risks.

“The more risks you allow children 

to take, the better they learn to take 

care of themselves.”

— Roald Dahl

for children in Wisconsin. Christensen, et al 

describe prevalence of childhood lead poi-

soning.³ Exposure to high levels of lead can 

impair brain development and learning in 

small children. In 2016, over 4,000 children 

in Wisconsin were identified as having high 

lead levels. Lead has been in the news lately 

with the story of pervasively elevated lead 

in the water in Flint, Michigan, and signifi-

cantly elevated levels in children who live in 

the area.⁴ This story was triggered by a local 

physician who noticed that lead levels in her 

patients were very high. She worked with 

the public health department to identify the 

source of the lead and to take measures to 

decrease exposure. 

 In another paper, Christensen, et al 

describe incidence of carbon monoxide expo-

sure and poisoning between 2006 and 2016. 

During that time, over 3,700 people were 

exposed to carbon monoxide and over 2,100 

were treated for carbon monoxide poisoning.⁵ 

High levels of carbon monoxide can occur in 

malfunctioning or old heating systems. 
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In addition to the environmental expo-

sures that endanger children in Wisconsin, 

there are dangers that stem from adult 

behavior. A paper in this issue by Creswell, 

et al describes exposures to opioids among 

children in Wisconsin between 2002 and 

2016.⁶ During this time period, there were 

over 3,300 calls to the poison control hot-

line and over 2,700 hospital encounters due 

to children or adolescents being exposed to 

opioids.⁶ The majority of these exposures 

were to prescription opioids, demonstrating 

a different kind of risk to children.

 All of these papers demonstrate risks 

that Wisconsin children face. They also sug-

gest opportunities for physicians to inter-

vene and advocate for environmental safety. 

Physicians should engage in public debate 

regarding safe housing, water supply, and 

disposal of potentially harmful medications. 

Roald Dahl was talking about allowing chil-

dren to take risks in their exploration of the 

world around them in order to help them 

©2017. Paid for by the United States Army. All rights reserved.

FOR SOME OF OUR MOST ELITE SOLDIERS,  
THE EXAMINATION ROOM IS THE FRONT LINE.

Becoming a family medicine physician and officer on 
the U.S. Army health care team is an opportunity like no 
other. You will provide the highest quality health care to 
Soldiers, family members, retirees and others, as well as 
conduct military medical research. With this elite team, 
you will be a leader – not just of Soldiers, but in family 
health care.

See the benefits of being an Army medical professional 
at healthcare.goarmy.com/oa22

pengel@hurleyburish.com

Representing medical 
professionals facing  

professional discipline.

For trusted confidential  
advice contact Attorney  

Peyton B. Engel at  
Hurley, Burish & Stanton, S.C.

33 East Main Street, Suite 400
Madison, WI 53703-1528

(608) 257-0945 tel
(608) 257-5764 fax

www.hbslawfirm.com

pengel@hbslawfirm.com

33 East Main Street, Suite 400
Madison, WI 53703
(608) 257-0945 tel
(608) 257-5764 fax

www.hurleyburish.com

Representing medical 
professionals facing 

professional discipline. 

For trusted confidential advice 
contact Attorney  Peyton B. Engel 

at Hurley Burish, S.C.

navigate complicated situations as they 

age. However, there is a range of accept-

able risks. Above and beyond that, society 

should attempt to protect its children.
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ORIGINAL RESEARCH

BACKGROUND
Opioid-related deaths and hospital encoun-
ters more than doubled in Wisconsin during 
2006–2016.¹ The majority of these events 
are related to prescription opioids, which 
accounted for 69.0% of opioid-involved 
deaths and 59.0% of opioid-involved hospi-
tal encounters in 2016.¹ Nationally, trends 
in prescription opioid morbidity and mor-
tality have paralleled substantial increases in 
opioid prescriptions.² 

Increased prescribing of opioid anal-
gesics in the United States has resulted 
in greater availability of these products 
to children and adolescents.³ Nationally, 
Emergency Department (ED) visits and 
hospitalizations for opioid overdose have 
occurred with increasing frequency over 
the last decade,⁴,⁵ and similar trends have 
been observed in calls to poison centers 
for opioid poisoning.³ Studies indicate a 
bimodal distribution where young children 
(< 6 years) and adolescents (13+ years) 
are the most likely to experience an opi-

oid exposure.³,⁴ Younger children are more likely to be exposed 
unintentionally while teens are more likely to have an intentional 
exposure or a suicide attempt.³ Despite sustained efforts to pre-
vent and reduce opioid-related harm at the state level,⁶ no analy-
sis to date has sought to characterize opioid exposures for children 
and adolescents in Wisconsin. 

The purpose of this investigation is to characterize opioid 
exposures for children and adolescents in Wisconsin using 2 data 
sources: hospital encounter data and Wisconsin Poison Center 
(WPC) data. Although hospital and emergency department data 
frequently are used for surveillance of nonfatal opioid poison-

ABSTRACT

Background: Opioid overdoses and opioid-related fatalities have increased dramatically in 
Wisconsin over the past decade. The observed rise in morbidity and mortality parallels increased 
opioid prescribing and greater use of illicit drugs such as heroin. Increased availability of both 
prescription and illicit opioids may increase the risk of exposure and overdose among the pedi-
atric population.

Methods: We examined demographics and temporal trends in opioid exposures among children 
aged 0–19 years using hospital encounter and Wisconsin Poison Control Center (WPC) data. 
Exposures were categorized by type of opioid.

Results: We identified 3,320 WPC calls and 2,725 hospital encounters involving opioids during 
2002–2016. Within the hospital encounter data, the rate of opioid-involved exposures increased 
significantly in children aged 0–5 years and adolescents aged 13–19 years. The majority of opi-
oid-related hospital encounters involved prescription opioids. However, the proportion of hospi-
tal encounters involving heroin increased significantly among 13–19 year olds from 2002–2016. 
Within WPC data, the proportion of calls involving tramadol increased among 0–5 year olds and 
13–19 year olds. However, calls about opioid/acetaminophen combinations decreased signifi-
cantly as a proportion of opioid exposures.

Discussion: These findings suggest the need for caregiver education regarding safe storage and 
disposal of prescription opioids to prevent unintentional or intentional exposure to these sub-
stances among young children and adolescents. Overdose rates among teens continue to rise 
and an increasing proportion are due to heroin; comprehensive treatment and prevention strate-
gies targeting this demographic are needed.

•  •  • 
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ings, diagnostic and external cause of injury codes provide limited 
information on specific substances or causative factors. Therefore, 
we included analysis of poison center calls to provide a more com-
prehensive picture of opioid exposures in the pediatric population. 

METHODS
We obtained data from the National Poison Data System (NPDS)⁷ 
to evaluate calls to WPC. WPC receives approximately 100 calls per 
day that are handled by nurses and pharmacists who are specialists 
in poison information. These specialists often home manage expo-
sures and will refer patients to health care facilities for further evalu-
ation and treatment, when applicable. Basic deidentified data from 
each call—including age and sex, exposure substance(s), route of 
exposure, and outcomes—are entered into the NPDS. The NPDS 
is a secure data system that provides poison center data to toxicolo-
gists and other health professionals. Cases included all children aged 
< 20 years for whom a call was placed during 2002–2016 regarding 
an exposure to any prescription opioid or heroin. (See Box.) Cases 
were excluded if the medical outcome was listed as “confirmed non-
exposure” or “unrelated effect.”

Data from the Office of Health Informatics (OHI) at the 
Wisconsin Department of Health Services (DHS) was obtained 
to evaluate hospital encounters (ie, hospitalizations and ED vis-
its) in Wisconsin facilities related to opioid poisoning for chil-
dren aged < 20 years. Data cover all reporting facilities within 
the state and are provided to OHI by the Wisconsin Hospital 
Association. Non-Wisconsin residents were excluded from 
these analyses. This secondary analysis of existing data sets was 
conducted as part of routine surveillance of state-level health 
outcomes by DHS. As such, this study was not subject to 
Institutional Review Board review.

To identify opioid poisonings that occurred during January 1, 
2002 through September 30, 2015, we searched across all diag-
noses and the first external cause of injury field for the follow-
ing ICD-9-CM codes: 965.00 (poisoning by opium [alkaloids], 

unspecified, 965.01 (poisoning by heroin), 965.02 (poisoning by 
methadone), 965.09 (poisoning by other opiates and related nar-
cotics), E850.0 (accidental poisoning by heroin), E850.1 (acci-
dental poisoning by methadone), or E850.2 (accidental poison-
ing by other opiates and related narcotics). During October 1, 
2015 through December 31, 2016, we searched across all diag-
nosis fields for the following ICD-10-CM codes with a 5th or 
6th character of 1-4 and a 7th character of A or D indicating 
initial or subsequent encounters: T40.0X (poisoning by opium), 
T40.1X (poisoning by heroin), T40.2 (poisoning by other opi-
oids), T40.3X (poisoning by methadone), T40.4X (poisoning by 
synthetic narcotics), T40.60 (poisoning by other and unspecified 
narcotics), and T40.69 (poisoning by other narcotics). This cod-
ing is consistent with schema utilized by the Centers for Disease 
Control and Prevention.² 

Identified opioid-related exposure cases were analyzed for demo-
graphics, medical outcomes, and opioid type. Medical outcomes 
within WPC data were categorized using standard NPDS coding: 
(1) minor effects include those with transient and mild symptoms 
with no long-term sequelae, (2) moderate effects are more pro-
longed and/or of a systemic nature but non-life threatening and do 
not result in long-term harm, and (3) major effects include those 
which are life threatening or result in residual disability.8 For hospi-
tal encounter data, we categorized opioid poisonings into 2 groups: 
prescription opioids and heroin. Because we searched across mul-
tiple fields to identify relevant ICD-9-CM and ICD-10-CM codes, 
these categories are not mutually exclusive. For WPC data, we lim-
ited our analyses to exposures to specific opioids for which there 
were at least 30 calls in the 15 years under study. The substances 
that met this threshold were buprenorphine, codeine, hydrocodone, 
methadone, morphine, oxycodone, tramadol, opioid/acetamino-
phen combinations, and heroin. All other or unknown opioids were 
grouped together and treated as a separate category.

For both datasets, we assessed trends in counts and rates over time. 
Rates were calculated using the Wisconsin’s 2010 census data as the 
denominator. The statistical significance of both count and rate trends 
were assessed using the Kendall Tau-p. In both datasets we examined 
events in 3 age categories: 0–5 years, 6–12 years, and 13–19 years. 
These age categories were chosen to align with infancy/early child-
hood, middle childhood, and adolescence. All analyses were com-
pleted using SAS software, version 9.4 for Windows.

RESULTS
Exposure Calls to the WPC
There were 3,320 cases involving an opioid exposure in a child 
or adolescent called into the WPC during 2002–2016 that met 
our criteria (Table 1). For exposures reported to the WPC, most 
involved females (50.6%), but with age-dependent shifts in pro-
portion (Table 1). Race data were not collected by the WPC. The 
largest proportion of calls were regarding exposures in children 
aged 0–5 years (60.8%; n = 2,019). Exposures among adolescents 
aged 13–19 years were about half as frequent (29.0%; n = 962), 

Box. Opioids Included in the Wisconsin Poison Control Data Set

Alfentanil
Acetaminophen with codeine 
Acetaminophen with hydrocodone 
Acetaminophen with other narcotics
  or narcotic analogs
Acetaminophen with oxycodone
Acetaminophen with propoxyphene
Acetylsalicylic acid with codeine
Acetylsalicylic acid with other narcotics 
  or narcotic analogs
Acetylsalicylic acid with oxycodone 
Acetylsalicylic acid with propoxy-
phene
Buprenorphine
Butorphanol
Codeine
Difenoxin
Dihydrocodeine 
Fentanyl
Heroin

Hydrocodone 
Hydromorphone
Ibuprofen with hydrocodone
Levorphanol
Meperidine
Methadone
Morphine
Nalbuphine
Other or unknown narcotics
Oxycodone
Oxymorphone
Pentazocine 
Propoxyphene
Remifentanil
Sufentanil 
Synthetic opioids 
Analogs and precursors (excluding 
  pharmaceutical preparations), 
Tapentadol 
Tramadol 



247

and children aged 6 to 12 years accounted for the remaining 
10.2% of calls (n = 339). Among those aged 0–5 years, 85.7% of 
exposures were categorized as unintentional. In contrast, among 
those aged 13–19 years, 75.0% were categorized as either inten-
tional or a suicide attempt. Those in the 0–5 group were less likely 
to have exposures that resulted in major and moderate effects or 
death (3.8%) in comparison to those 13–19 years old among 
whom 14.2% had major and moderate effects or death. The rate 
of opioid exposure calls for all age groups combined increased 
from 8.1 per 100,000 in 2002 and reached a peak of 19.0 per 

100,000 in 2010 (Figure 1 and Figure 2). This was followed by a 
decline to 11.6 per 100,000 in 2016. Overall, the rate increased 
slightly during 2002–2016, but this overall increase was not statis-
tically significant (P = 0.961). 

Hospital Encounters
We identified 2,725 hospitalizations or ED visits involving opioid 
poisoning among children and adolescents during 2002–2016. 
Children and adolescents who were hospitalized or treated in the 
ED for opioid poisonings were more likely to be female. This dis-

Table 1. Characteristics of Opioid Exposures Reported to the Wisconsin Poison Center Among Children 0–19 Years, Wisconsin, 2002–2016 (N = 3,320)

 Age

 0-5 (%) 6-12 (%) 13-19 (%) All (%)

 Female 962 47.6% 135 39.8% 584 60.7% 1681 50.6%
 Male 1055 52.3% 203 59.9% 376 39.1% 1634 49.2%
 Unknown 2 0.1% 1 0.3% 2 0.2% 5 0.2%
 Total 2019 100.0% 339 100.0% 962 100.0% 3320 100.0%

 Adverse reaction 4 0.2% 5 1.5% 26 2.7% 35 1.1%
 Intentional 5 0.2% 17 5.0% 373 39.0% 395 11.9%
 Suicide attempt  1 0.0% 8 2.4% 344 36.0% 353 10.7%
 Therapeutic error  265 13.1% 213 62.8% 135 14.1% 613 18.5%
 Unintentional  1730 85.7% 90 26.5% 54 5.6% 1874 56.5%
 Other/unknown  14 0.7% 6 1.8% 24 2.5% 44 1.3%
 Total 2019 100.0% 339 100.0% 956 100.0% 3314 100.0%

 Minor effect 324 16.0% 76 22.4% 485 50.7% 885 26.7%
 Major effect 13 0.6% 0 0.0% 21 2.2% 34 1.0%
 Moderate effect 62 3.1% 9 2.7% 114 11.9% 185 5.6%
 Death 2 0.1% 0 0.0% 1 0.1% 3 0.1%
 No effect 816 40.4% 69 20.4% 129 13.5% 1014 30.6%
 Lost to follow-up 802 39.7% 185 54.6% 207 21.6% 1194 36.0%
 Total 2019 100.0% 339 100.0% 957 100.0% 3315 100.0%

 Admitted to critical care unit 84 4.2% 6 1.8% 87 9.0% 177 5.3%
 Admitted to noncritical care unit 97 4.8% 6 1.8% 64 6.7% 167 5.0%
 Admitted to psychiatric facility 0 0.0% 0 0.0% 34 3.5% 34 1.0%
 Patient lost to follow-up/left against medical advice 87 4.3% 13 3.8% 104 10.8% 204 6.1%
 Patient refused referral/did not arrive at health care 35 1.7% 13 3.8% 73 7.6% 121 3.6%
     facility
 Treated/evaluated and released 504 25.0% 46 13.6% 324 33.7% 874 26.3%
 Data missing 1212 60.0% 255 75.2% 276 28.7% 1743 52.5%
 Total 2019 100.0% 339 100.0% 962 100.0% 3320 100.0%

Sex

Exposure
Reason

Outcome

Level of
Care

Figure 1. Rate of Opioid-Related Exposure Calls to the Wisconsin Poison Control 
Center by Age Category

* Trend positive and significant at P<0.05. 

Figure 2. Rate of Hospital Encounters for Opioid Poisoning in Wisconsin by Age 
Category
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tribution changed depending on the age category of the patients 
(Table 2). Patients were primarily reported as being white (67.7%; 
n = 1,845). The majority of encounters (77.9%; n = 2,122) occurred 
among adolescents aged 13–19 years, while 19.1% (n = 520) occurred 
among children aged 0–5 years and 3.0% (n = 83) occurred among 
children aged 6–12 years. The rate of hospital encounters involving 
opioid poisoning among all children and adolescents increased from 
7.1 per 100,000 to 16.9 per 100,000 during 2002–2016 (Figure 2, 
P < 0.001). For children aged 6–12 years, the rate increased over the 
time period from 0.7 per 100,000 to 1.6 per 100,000 (P = 0.015). 
The rate of hospital encounters involving opioid poisoning more 
than doubled during 2002–2016 for children aged 0–5 years (5.5 
vs 12.8 per 100,000, P < 0.001) and for adolescents aged 13 to 19 
years (14.2 vs 34.9 per 100,000, P < 0.001). 

Trends in Opioid Type
The rates of calls to the WPC for exposures to tramadol showed a 
significant increase for both the 0–5 year age group (2.5% vs 16.3% 
of calls, P = 0.007) and the 13–19 year group (6.5% vs 24.0% of 
calls, P < 0.001) (Table 3). These increases were also significant when 
considered as counts rather than rates (P = 0.029, P < 0.001, respec-
tively). Concurrently, calls for opioid/acetaminophen combina-
tions decreased as a proportion of opioid exposures from 69.6% to 
22.8% among children aged 0–5 years (P < 0.001), from 42.9% to 
23.1% for those aged 6–12 (P = 0.029), and from 71.0% to 48.0% 
for those aged 13–19 years (P < 0.001). Although the numbers were 
small, the proportion of exposure calls related to buprenorphine 
among children 0–5 years old increased from 4.6% in 2010 to 9.8% 
in 2016 (P < 0.001). This trend also was significant using raw count 
data (P  = 0.002). These calls first appeared in WPC data in 2010 
and averaged about 12.6 instances per year through 2016. Several 
other substances made up larger proportions of exposure calls dur-
ing this time period for certain age groups (Table 3). Although some 
trends were statistically significant, changing proportions did not 
always reflect meaningful changes in the raw numbers. 

The majority of hospital and ED encounters for opioid poison-
ing involved prescription opioids (85.4%, n = 2,336). All hospital 
encounters involving heroin occurred in adolescents aged 13–19 
years (14.6%, n = 398). Case counts involving heroin increased 
nearly 10-fold from 6 cases in 2002 to 59 cases in 2016 (P < 0.001) 
(Table 3), while the proportion of opioid poisoning hospital 
encounters that involved heroin more than quadrupled from 2002 
to 2016 (7.3% vs. 32.0% of exposures, P < 0.001) (Table 3).

DISCUSSION
Our analysis reveals that opioids are an important cause of 
drug exposures and morbidity among the pediatric population 
in Wisconsin. Among children 0–5 years of age, unintentional 
exposures were the predominant reason for opioid-related calls to 
the WPC. Exploratory behaviors with increased hand and object-
to-mouth contact are common in this age group,⁹ and opioids 
are a leading cause of unsupervised medication exposures.¹⁰ 
Encouragingly, WPC data indicate that exposure calls declined 
markedly for children in this age group since 2009, a trend that 
has been observed in a national analysis of poison center data.³ 
However, the reason for the decline in Wisconsin is unknown and 
it occurred before declines in opioid prescribing were observed 
nationally in 2012.¹¹ Data from the Wisconsin Prescription 
Drug Monitoring Program (PDMP) shows a decline from a 
maximum of 5.2 million opioid prescriptions in 2014 to 4.8 mil-
lion in 2016.¹² It is also possible that the WPC received fewer 
calls because of increased knowledge among medical profession-
als on treatment for exposed patients or because of the increased 
availability of online clinical reference tools. Additionally, as the 
proportion of acetaminophen-containing combination product 
exposures decreased, there was likely an associated decrease in the 
cases of concomitant acetaminophen toxicity. Treatment deci-
sions regarding acetaminophen toxicity are often more compli-
cated and difficult than those regarding opioid toxicity. Providers 
may be more likely to call the poison center seeking assistance 

Table 2. Characteristics of Patients Hospitalized or Seen in the Emergency Department for Opioid Poisonings in Wisconsin Among Children 0–19 Years, Wisconsin, 
2002–2016 (N = 2,725)

 Age

 0-5 (%) 6-12 (%) 13-19 (%) All (%)

 Female 256 49.2% 40 48.2% 1180 55.6% 1476 54.2%

 Male 264 50.8% 43 51.8% 942 44.4% 1249 45.8%

 Total 520 100.0% 83 100.0% 2122 100.0% 2725 100.0%

 Black 110 21.2% 14 16.9% 162 7.6% 286 10.5%

 White 285 54.8% 47 56.6% 1513 71.3% 1845 67.7%

 Other 40 7.7% 4 4.8% 94 4.4% 138 5.1%

 Unknown/Missing 85 16.3% 18 21.7% 353 16.6% 456 16.7%

 Total 520 100.0% 83 100.0% 2122 100.0% 2725 100.0%

 Hispanic 28 5.4% 6 7.2% 99 4.7% 133 4.9%

 Non-Hispanic 399 76.7% 61 73.5% 1666 78.5% 2126 78.0%

 Unknown/Missing 93 17.9% 16 19.3% 357 16.8% 466 17.1%

 Total 520 100.0% 83 100.0% 2122 100.0% 2725 100.0%

Sex

Race

Ethnicity
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Table 3. Poison Center Calls and Medical Encounters for Opioid  Exposures, by Age Group, Year of Exposure, and Opioid Type, Wisconsin 2002–2016

 Exposures Calls to Wisconsin Poison Center Hospital and Emergency Department 
  Encounters for Oopioid Poisonings in Wisconsin
  

Substance: Oxycodone Tramadola Heroin Opioid/Acetaminophen Prescription Opioids Heroin
    Combinationsb

 n (%) n (%) n (%) n (%) n (%) n (%)

Age: 0-5 2002 11 (13.9) 2 (2.5) 0 (0.0) 55 (69.6) 23 (100.0) 0 (0.0)
years 2003 6 (6.1) 7 (7.1) 0 (0.0) 54 (54.5) 19 (100.0) 0 (0.0)
 2004 11 (9.2) 4 (3.3) 0 (0.0) 82 (68.3) 20 (100.0) 0 (0.0)
 2005 13 (9.2) 3 (2.1) 1 (0.7) 90 (63.8) 30 (100.0) 0 (0.0)
 2006 18 (12.5) 13 (9.0) 0 (0.0) 76 (52.8) 29 (100.0) 0 (0.0)
 2007 12 (7.2) 9 (5.4) 0 (0.0) 112 (67.1) 27 (100.0) 0 (0.0)
 2008 17 (10.9) 25 (16.0) 0 (0.0) 80 (51.3) 39 (100.0) 0 (0.0)
 2009 17 (9.8) 18 (10.3) 0 (0.0) 74 (42.5) 37 (100.0) 0 (0.0)
 2010 12 (6.9) 21 (12.1) 1 (0.6) 77 (44.5) 35 (100.0) 0 (0.0)
 2011 16 (9.0) 23 (12.9) 0 (0.0) 78 (43.8) 46 (100.0) 0 (0.0)
 2012 4 (3.6) 12 (10.8) 0 (0.0) 61 (55.0) 30 (100.0) 0 (0.0)
 2013 17 (13.4) 12 (9.4) 1 (0.8) 51 (40.2) 44 (100.0) 0 (0.0)
 2014 20 (18.9) 8 (7.5) 0 (0.0) 45 (42.5) 38 (100.0) 0 (0.0)
 2015 27 (24.8) 28 (25.7) 0 (0.0) 24 (22.0) 51 (100.0) 0 (0.0)
 2016 23 (25.0) 15 (16.3) 1 (1.1) 21 (22.8) 52 (100.0) 0 (0.0)

Age: 6-12 2002 2 (14.3) 1 (7.1) 0 (0.0) 6 (42.9) 4 (100.0) 0 (0.0)
years 2003 1 (3.8) 1 (3.8) 0 (0.0) 12 (46.2) 5 (100.0) 0 (0.0)
 2004 1 (4.3) 0 (0.0) 0 (0.0) 13 (56.5) 6 (100.0) 0 (0.0)
 2005 2 (9.5) 0 (0.0) 0 (0.0) 17 (81.0) 2 (100.0) 0 (0.0)
 2006 2 (10.5) 1 (5.3) 0 (0.0) 8 (42.1) 1 (100.0) 0 (0.0)
 2007 2 (6.3) 6 (18.8) 0 (0.0) 19 (59.4) 3 (100.0) 0 (0.0)
 2008 1 (4.5) 1 (4.5) 0 (0.0) 16 (72.7) 7 (100.0) 0 (0.0)
 2009 5 (17.9) 2 (7.1) 0 (0.0) 12 (42.9) 5 (100.0) 0 (0.0)
 2010 2 (7.7) 5 (19.2) 0 (0.0) 7 (26.9) 8 (100.0) 0 (0.0)
 2011 6 (24.0) 1 (4.0) 0 (0.0) 6 (24.0) 9 (100.0) 0 (0.0)
 2012 3 (13.0) 3 (13.0) 0 (0.0) 9 (39.1) 8 (100.0) 0 (0.0)
 2013 1 (6.3) 1 (6.3) 1 (6.3) 8 (50.0) 3 (100.0) 0 (0.0)
 2014 3 (13.0) 4 (17.4) 0 (0.0) 7 (30.4) 7 (100.0) 0 (0.0)
 2015 4 (30.8) 0 (0.0) 0 (0.0) 5 (38.5) 7 (100.0) 0 (0.0)
 2016 7 (26.9) 3 (11.5) 0 (0.0) 6 (23.1) 8 (100.0) 0 (0.0)

Age: 13-19 2002 5 (16.1) 2 (6.5) 1 (3.2) 22 (71.0) 76 (92.7) 6 (7.3)
years 2003 7 (14.3) 1 (2.0) 1 (2.0) 35 (71.4) 73 (92.4) 6 (7.6)
 2004 9 (12.2) 1 (1.4) 1 (1.4) 50 (67.6) 106 (93.8) 7 (6.2)
 2005 7 (9.9) 5 (7.0) 6 (8.5) 45 (63.4) 142 (88.8) 18 (11.3)
 2006 11 (19.0) 5 (8.6) 0 (0.0) 31 (53.4) 112 (85.5) 19 (14.5)
 2007 12 (15.0) 9 (11.3) 2 (2.5) 49 (61.3) 118 (86.8) 18 (13.2)
 2008 8 (10.4) 11 (14.3) 4 (5.2) 43 (55.8) 129 (81.6) 29 (18.4)
 2009 5 (6.3) 9 (11.4) 1 (1.3) 50 (63.3) 107 (79.3) 28 (20.7)
 2010 10 (11.6) 11 (12.8) 2 (2.3) 48 (55.8) 112 (83.0) 23 (17.0)
 2011 3 (5.0) 16 (26.7) 0 (0.0) 32 (53.3) 112 (76.2) 35 (23.8)
 2012 8 (14.3) 6 (10.7) 0 (0.0) 35 (62.5) 110 (76.9) 33 (23.1)
 2013 9 (16.4) 11 (20.0) 2 (3.6) 24 (43.6) 115 (73.2) 42 (26.8)
 2014 2 (3.8) 13 (25.0) 2 (3.8) 30 (57.7) 146 (80.7) 35 (19.3)
 2015 5 (8.2) 11 (18.0) 1 (1.6) 30 (49.2) 148 (78.7) 40 (21.3)
 2016 5 (10.0) 12 (24.0) 2 (4.0) 24 (48.0) 127 (68.0) 59 (32.0)

a Trend positive and significant at P< 0.05
b Trend negative and significant at P < 0.05
Note 1: Trend tests are conducted on proportions (not counts).
Note 2: Exposures are not mutually exclusive. Counts of opioid type may not sum to case counts. Percentages may not sum to 100.
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in those decisions. Thus, decreases in acetaminophen-containing 
combination product exposures leading to decreases in acet-
aminophen toxicity from these medications may account for a 
decrease in the number of calls to the WPC. 

We observed declines in WPC calls regarding exposures to 
opioid/acetaminophen combinations. Changes in opioid pre-
scribing practices among medical providers leading up to the 
designation of hydrocodone combination products as Schedule 
II drugs by the Drug Enforcement Agency (DEA) in 2014 may 
have promoted transition to alternatives.¹³ Adherence to opioid 
prescribing guidelines also may be a contributing factor and may 
encourage providers to switch to tramadol.¹⁴ Wisconsin PDMP 
data have shown an increase of 60.0% from 514,220 tramadol 
prescriptions in 2013 to 819,719 prescriptions in 2016.¹² This 
would be consistent with our observations that an increase in the 
number of calls to the WPC were due to tramadol over the study 
period. Although tramadol is considered to have an acceptable 
safety profile relative to morphine,¹⁵ supra-therapeutic doses can 
result in serious side effects and death. Furthermore, tramadol 
has potential for abuse and dependence and can cause an atypi-
cal withdrawal syndrome due to its effects on serotonin and nor-
epinephrine. The Food and Drug Administration (FDA) added 
a contraindication against the use of tramadol in patients < 12 
years of age, and in 2015 tramadol was designated a schedule 
IV drug by the DEA. Any increased tramadol prescribing should 
be accompanied by appropriate adherence to FDA prescribing 
guidelines and education of patients on the safe storage of trama-
dol as for any other opioid. 

Other studies have found increases in prescribing of buprenor-
phine.³ We noted an increase in calls to the WPC regarding this 
substance for children 0–5 years old. Although the number of 
WPC calls remains relatively low, the upward trend is nota-
ble. National poison center data indicate that buprenorphine 
exposures have not declined in tandem with other opioids and 
are more likely to result in a hospital admission.³ Changes in 
buprenorphine formulation and packaging have reduced ED vis-
its for accidental ingestions in young children nationally,¹⁶ but 
increased prescribing of buprenorphine for opioid use disorder 
and continued exposures among young children indicate a need 
for continued patient education.  

Among adolescents, the rate of opioid-related hospital encoun-
ters increased significantly during 2002–2016. These rates were 
the highest among adolescents beginning in 2005. Similar trends 
have been observed in national hospitalization data.⁴ Other stud-
ies of hospitalization, ED, and poison center data have shown mis-
use and self-harm to be the primary drivers behind opioid-related 
exposures in adolescents, as opposed to accidental overdose and 
therapeutic errors seen in young children.⁴,¹⁷ The higher propor-
tion of opioid-related encounters among adolescent females com-
pared to males might be driven in part by self-inflicted injury; 
national ED data show that poisoning is the most common 
method of self-harm among females aged 10–24 years.¹⁸ The 

upward trend in opioid-related hospital encounters is mirrored in 
national death data, with the poisoning death rate among ado-
lescents aged 15–19 years nearly doubling during 2000–2009, in 
part due to an increase in prescription drug overdoses.¹⁹

The increasing proportion of hospital encounters related to 
heroin among adolescents is notable. Although heroin was respon-
sible for fewer than 10.0% of encounters in 2002 in those aged 
13–19 years, this increased more than 3-fold to 36.0% by 2016. 
This coincides with other statewide evidence suggesting increased 
heroin use in Wisconsin.⁶,²⁰ Nationally, hospitalizations due to 
heroin in adolescents increased 161% from 1997 to 2012,⁴ a trend 
reflected in poisoning deaths of adolescents and young adults in 
national vital statistics. This presents a new challenge to health 
care providers and public health agencies as the opioid epidemic 
shifts toward increased use of heroin and other illicitly produced 
opioids.²¹,²² Early identification of adolescents with substance use 
disorders and increased availability of medication-assisted treat-
ment will be needed to address misuse of prescription opioids and 
reverse trends toward greater use of illicit opioids.²³,²⁴ 

Limitations
Some limitations in our data and analysis should be considered. 
In WPC data, more than half of the poison center calls regard-
ing opioid exposures pertained to children in the youngest age 
category (0–5 years), while hospitalization data showed that the 
majority of hospital encounters (76.1%) involved adolescents 
(13–19 years). Although the reason for this discrepancy is not 
fully understood, it may be related to increased hand and object-
to-mouth contact among young children.⁹ It also might be related 
to the severity of the exposure (eg, parents might be more likely to 
call WPC for minor exposures in younger children). Additionally, 
a recent national study showed that adolescents were more likely 
to experience an intentional poisoning and experience a serious 
medical complication, which may be associated with greater like-
lihood of hospitalization.³,⁴ As such, hospitalization data may 
reflect cases with higher severity while WPC data reflect less severe 
exposures. WPC data support this hypothesis as the majority of 
cases (n = 1,899; 57.2%) were indicated as having a “minor effect” 
or “no effect” from exposure. Other types of encounters with the 
health care system (eg, urgent care and primary care office visits) 
are not reflected in our data. Future research may consider these 
additional sources. 
 This study treats the WPC and hospitalization data as separate 
but parallel indicators of trends in opioid exposure and poisoning. 
However, it should be noted that WPC staff members often refer 
individual callers to medical facilities for treatment. As such, we 
are unable to identify duplicate cases that are likely to appear in 
both datasets. It is also important to note that WPC data are based 
on calls from the public and health care providers. As such, many 
factors can affect whether or not a case gets called into the WPC, 
including medical expertise of clinicians, awareness of the poison 
center, and perception of what constitutes a poisoning. Finally, 
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the current study includes data from hospitalizations during the 
transition from ICD-9 to ICD-10 codes during the 4th quarter of 
2015. While the numbers appear to be consistent with the previ-
ous years and trends, it is possible that differences in the number 
of opioid-involved poisonings in 2015 and 2016 could be due to 
this change in coding and may misestimate the observed increase 
in the number of hospitalizations.

CONCLUSIONS
Our study provides important details regarding the substan-
tial increases in opioid-related exposures in Wisconsin. Hospital 
encounters for opioid poisoning and calls to the WPC regarding 
opioid exposures at least doubled for young Wisconsinites in the 
15-year period we considered. Moreover, specific substances were 
important to these trends. Among Wisconsin adolescents hospi-
talized for opioid poisoning, a growing proportion of cases were 
related to heroin. In WPC data, trends in exposure for both chil-
dren and adolescents were driven by exposure to tramadol. As the 
US Food and Drug Administration (FDA) does not recommend 
prescribing tramadol to children under the age of 12,²⁵ it is likely 
that increase in exposures are related to children’s access to others 
medications. It would be useful to repeat this analysis in several 
years to see if changes in prescribing practices have had an effect 
on the trends described here. Future research should also explore 
social determinants of health that are driving the high burden of 
overdoses among adolescents.
 These findings suggest the need for parental education related to 
safe use, storage, and disposal of opioid medications and potential 
misuse of opioids among adolescents. Further, provider adoption 
of the Centers for Disease Control and Prevention or Wisconsin 
Medical Examining Board opioid prescribing guidelines is impor-
tant in reducing the availability of prescription opioids.²⁶ These 
guidelines include recommendations for screening for conditions 
associated with higher risk for opioid misuse, including psychiatric 
conditions such as depression, which may be particularly impor-
tant when adolescents receive opioid prescriptions. 
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ORIGINAL RESEARCH

INTRODUCTION
Elevated blood lead levels cause serious 
harm to the physical and mental health of 
children, with concomitant societal bur-
dens of increased educational and health 
care costs, higher incarceration rates, and 
loss of productivity in the workforce. 
Children exposed to lead even at levels 
below the Centers for Disease Control and 
Prevention’s (CDC) “reference value” of 5 
µg/dL in blood may be at risk for develop-
ing an array of adverse, long-term health 
effects (reviewed in a recent National 
Toxicology Program report¹) including 
neurological and developmental delays. 
Adverse outcomes of childhood lead expo-
sure are also observed in adulthood. 

In this review, we present data on 
elevated blood lead levels in Wisconsin 
children, with an emphasis on the most 
recently available data (2016), as well as 
information on the physician’s role in 
screening, primary prevention, and sec-
ondary prevention of elevated blood lead 

levels. Use of the Wisconsin Blood Lead Registry and the role of 
public health in secondary prevention are reviewed.

In Wisconsin, there were 4,353 children under age 6 years 
identified with elevated blood lead levels (5 µg/dL or higher) in 
2016 alone.2 The sale of lead-based paint and varnish for house-
hold use was banned in the United States in 1978, but this paint 
is still present on the walls, windows, wood trim, doors, floors, 
and ceilings of many older homes. While lead in water has been 
prominent in the media due to the situation in Flint, Michigan, 
lead-based paint remains the primary source of lead exposure for 

ABSTRACT

Introduction: In 2016, 4,353 Wisconsin children under 6 years of age were identified with ele-
vated blood lead levels (≥ 5 µg/dL). There is no safe level of lead in the human body; extensive 
research shows that children with blood lead levels < 5 µg/dL may still be at risk for adverse 
health effects including developmental delays. 

Discussion: Physicians should follow current guidelines and consider factors such as the child’s 
age, socioeconomic status, and housing situation when determining need for testing. In addition 
to Wisconsin’s screening recommendations, federal requirements exist for testing Medicaid-
enrolled children. Under state statute, all blood lead test results and specified demographic 
information must be reported to the Wisconsin Childhood Lead Poisoning Prevention Program. 
To eliminate elevated blood lead levels, primary prevention is key. Physicians play an important 
role by educating parents, prospective parents, and caregivers about lead poisoning risks and 
prevention measures. Physicians are also vital in secondary prevention—mitigating the adverse 
effects in children already exposed to lead. Secondary prevention requires first identifying chil-
dren with elevated blood lead levels through appropriate testing. Use of the Wisconsin Blood 
Lead Registry can alert providers about children with elevated blood lead levels and reduce 
duplicate testing. Recent surveillance data show current screening is inadequate; in 2015, only 
32% of Medicaid-enrolled children received appropriate testing. Physicians should provide clini-
cal management for children with elevated blood levels and their families.

Conclusions: Physicians are a vital partner in preventing, identifying, and mitigating the effects of 
elevated blood lead levels for Wisconsin’s children.
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children in Wisconsin. Physicians and 
other health care providers play a crucial 
role in screening for and in the preven-
tion of childhood lead exposures and 
their consequences.

Elevated Blood Lead Levels in Wisconsin 
Children
In 1994, the Wisconsin Department 
of Health Services Childhood Lead 
Poisoning Prevention Program 
(WCLPPP) began systematically col-
lecting information on all blood lead 
tests conducted in Wisconsin. Under 
the requirements of Wis. Stat. § 254.13, 
laboratories—including clinics that per-
form lead testing on site—must report 
the results and specified demographic 
information associated with all blood 
lead tests. The WCLPPP maintains the 
blood lead testing data in a relational 
database, which forms the basis for 
analyses and surveillance activities con-
ducted at the state level. 

From 1996 through 2016, more than 200,000 Wisconsin chil-
dren under age 6 years were identified with elevated blood lead 
levels using the current CDC reference value of 5 µg/dL, or about 
one-fifth of all children under age 6 who received a blood lead 
test during that time period. During 2016 alone, 87,443 children 
under age 6 years received a blood lead test, and 5% (n = 4,353) 
were identified with elevated blood lead levels. As shown in the 
Figure, the number of children considered to have elevated blood 
lead levels had been declining steadily but increased dramatically 
in 2012 when the CDC changed its “level of concern” of 10 µg/
dL to a “reference value” of 5 µg/dL. 

Importantly, the number of children tested has decreased 
over the past 6 years, with 18,000 fewer children tested in 2016 
compared with 2010. Further, the number of children tested in 
2016 represents only about 22% of children under age 6 years in 
Wisconsin, and it is likely that some of the children not tested 
were at risk for lead exposure and elevated blood lead levels. 
Thus, the data presented here underestimate the true number of 
children with elevated blood lead. 

With the data available, it is not possible to estimate the exact 
number of children at risk for elevated blood lead levels who should 
receive testing. However, there are some indicators of the extent of 
the problem. In 2016, there were an estimated 662,013 housing 
units built before 1950 in Wisconsin;³ this older housing is the most 
likely to have lead based paint hazards present. According to the US 
Department of Housing and Urban Development survey of the 
prevalence of lead hazards in US housing, about one-third of housing 
units in the Midwest have lead hazards (compared to 25% for the 

United States as a whole), and further, older housing was more likely 
to be occupied by families with children.⁴ With respect to income, 
the 2015 American Community Survey indicates that there were over 
63,000 children aged under 5 years living in poverty in Wisconsin.⁵ 
Among the 203,068 children aged under 6 years who were enrolled 
in Medicaid in 2015, over one-third (n = 71,565; 35.2%) had never 
been tested for lead. These factors indicate that not all physicians are 
appropriately testing children who are at risk for lead exposure. 

Factors Affecting Risk for Elevated Blood Lead Levels and 
Recommendations for Lead Testing  
A number of factors affect a child’s risk for elevated blood lead lev-
els and consequent recommendations for timing and frequency of 
lead testing. The most important of these are age of housing and 
the child’s age. In conjunction with screening guidelines discussed 
below, these factors and others should be considered by physicians 
when recommending lead testing. 

Age of House—Children living in older housing, where lead-based 
paint is more prevalent, are at greater risk for elevated blood lead lev-
els than children who live in newer housing. In Wisconsin, 90% of 
children first identified with lead poisoning from 1996 to 2006 lived 
in homes that were built before 1950.⁶ Consequently, while elevated 
blood lead levels are a risk statewide, significantly higher rates are seen 
in certain communities or parts of communities with higher preva-
lence of older housing and other risk factors for elevated blood lead 
levels. For example, of the Wisconsin cities with at least 100 children 
tested in 2015, the cities with the 10 highest prevalence rates of ele-

Figure. Number of Children Under Age 6 Years Found to Have Elevated Blood Lead Levels, Wisconsin, 1996-2016
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vated blood lead levels were Milwaukee (9.3%), Racine (8.2%), Beloit 
(8.1%), Sheboygan (7.1%), Hartford (6.9%), Two Rivers (6.5%), 
Watertown (6.5%), Beaver Dam (6.3%), New London (6.0%), and 
Janesville (5.5%). The prevalence rates of elevated blood lead levels 
in these cities are higher than the 2015 statewide rate of 4.6% and 
are calculated as the number of children with a blood lead level ≥ 5 
µg/dL over the number of children tested.

Age of Child — One of the most important determinants of lead 
exposure is age. A child’s blood lead level tends to be highest 
between 18 and 36 months of age because frequent hand-to-
mouth behavior and increased mobility make lead-containing 
dust more accessible to the child. Additionally, for a given 
amount of lead exposure, younger children would generally expe-
rience a greater impact compared with older children or adults 
given their smaller size and higher rate of absorption. Although 
physicians should recommend at-risk children be tested around 
1 year of age for early identification and intervention, it is also 
very important that children be tested again around 2 years of 
age or later, when they become more mobile and their risk of 
exposure to lead is greater. According to the American Academy 
of Pediatrics, a low blood lead concentration in a 1-year-old does 
not preclude elevation later.⁷ While a normal blood lead test at 
1 year of age is reassuring, children are still at risk for elevated 
blood lead levels as they age and should be retested. 

Socioeconomic Factors— Another characteristic affecting lead 
testing and exposure is family income. Children from low-
income families are at greater risk for elevated blood lead levels, 
largely because they have limited options for selecting housing. 
In Wisconsin, Medicaid-enrolled children are at a 3 times greater 
risk of lead poisoning than non-Medicaid-enrolled children. 

Wisconsin Blood Lead Screening Recommendations
Clearly, there are many factors that affect risk of lead poisoning 
for Wisconsin children. These factors have been used to develop 
the Wisconsin Blood Lead Screening Recommendations⁸ (Table), 

which recommend targeted screening of 
children who are at greatest risk for lead 
poisoning. If the parent or caretaker is not 
sure about certain factors (such as age of 
home) it is better to err on the side of cau-
tion and test the child if he or she may be 
at risk for lead exposure. In addition to 
Wisconsin screening recommendations, 
federal requirements exist for children 
enrolled in Medicaid.

Children Living in Milwaukee and Racine, 
Wisconsin— The Wisconsin Blood Lead 
Screening Recommendations include uni-
versal testing of all children living in the 
cities of Milwaukee and Racine. Because 

the extremely high proportion of older housing in these commu-
nities creates an extremely high risk of elevated blood lead levels, 
each child should have a blood lead test 3 times before the age of 
3 years: around 12 months, 18 months, and 24 months. Children 
aged 3 through 5 years should be tested annually if they meet one 
or more of the following risk criteria:
1. Enrolled in Medicaid, enrolled in the Women, Infants and 

Children Food and Nutrition Service (WIC), or is uninsured 
(proxy for low socioeconomic status).

2. Live in a housing unit built before 1950. 
3. Live in a housing unit built before 1978 with recent or ongoing 

renovations.
4. Have a sibling or playmate with lead poisoning.
5. Have no record of a prior test.

Children Living Outside Milwaukee and Racine—When seeing 
children from areas outside the cities of Milwaukee and Racine, 
health care providers are encouraged to use the Four Easy Questions 
below to determine whether a child is at risk for elevated blood 
lead levels and, if there is no record of a previous test, whether the 
child should be tested at around 12 months and 24 months of age 
and between 36 and 72 months of age:
1. Is the child enrolled in Medicaid or WIC (proxy for low socio-

economic status)?
2. Does the child live in or visit a housing unit built before 1950 

(including childcare facilities and homes of friends or relatives)?
3. Does the child live in or visit a housing unit or building built 

before 1978 with recent or ongoing renovations (including 
 childcare facilities and homes of friends or relatives)?

4. Does the child have a sibling or playmate with elevated blood 
lead levels?

Children Enrolled in Medicaid— Children enrolled in Medicaid 
are required to receive blood lead testing as part of their Early 
and Periodic Screening, Diagnostic and Treatment (EPSDT), ie, 
HealthCheck services. More specifically, “all children enrolled in 
Medicaid should receive a screening blood lead test at 12 and 24 

Table. Wisconsin Blood Lead Screening Recommendations

Age Screening Criteria Testing Interval 

Children living in Milwaukee or Racine
≤ 24 months of age All children At ages 12, 18, and 24 months
3-5 years of age ≥ 1 risk factor a or no record of Annually at ages 3, 4, and 5 years
 prior test

Children living outside Milwaukee or Racine
≤ 24 months of age ≥ 1 risk factor a At ages 12 and 24 months
3-5 years of age ≥ 1 risk factor a and no record or Once between 36-72 months of age
 prior test
a 

Risk factors for lead poisoning:
• Enrolled in Medicaid or the Special Supplemental Nutrition Program for Women, Infants, and Children 

(WIC) (proxy for low socioeconomic status).
• Lives or spends time in housing unit built before 1950.
• Lives or spends time in housing unit built before 1978 with recent/ongoing renovations.
• Sibling or playmate with lead poisoning.
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months of age … Children over the age of 24 months, up to 72 
months of age, for whom no record of a previous screening blood 
lead test exists, should also receive a screening blood lead test.”⁹ The 
Wisconsin Medicaid Program collaborates with the WCLPPP in 
linking program data to determine blood lead testing and ele-
vated blood lead levels among Medicaid-enrolled children. This 
data linkage has demonstrated that, despite the federal testing 
policy, many Wisconsin children enrolled in Medicaid are not 
tested at the appropriate ages; in 2015, only 32% of Medicaid-
enrolled children received the appropriate testing at both 1 and 2 
years of age. WIC programs in Wisconsin are strong partners in 
assuring that children who are at risk for lead poisoning receive 
the blood lead tests they need. In 2014, 52.1% of Medicaid-
enrolled children under 6 years of age who received a blood lead 
test were tested by a WIC provider rather than their primary 
health care provider. Many WIC projects have voluntarily estab-
lished successful testing programs and act as a safety net, test-
ing children who might otherwise be missed. However, while all 
WIC participants do receive some standard services, not all are 
tested at WIC for lead. Health care providers maintain primary 
responsibility for testing children during well-child visits.

Testing Using Point-of-Care Lead Testing Devices— Many health 
care providers have begun to test children’s blood lead levels 
using portable point-of-care lead testing devices, such as the 
LeadCare II. These devices offer increased ease and timeliness in 
collecting and analyzing blood samples and are a useful tool for 
increasing testing rates for providers and their patients. However, 
these blood lead test results are not automatically transmitted to 
the WCLPPP and must be reported by the clinic staff. WCLPPP 
staff has worked with the LeadCare manufacturer to maintain 
a list of clinics and laboratories that have purchased the devices 
and to inform these sites of the reporting requirements and pro-
cedures for Wisconsin. However, challenges remain in obtain-
ing complete and timely reporting of results from these sites. 
As clinic staff turn over and newly hired staff are oriented to 
the device, reporting requirements may not be discussed. Clinics 
also may purchase LeadCare devices from a second party, and 
reporting requirements normally shared at time of purchase 
from the manufacturer are not conveyed to the new owner. All 
blood lead tests must be reported to the WCLPPP per statutory 
requirement, and physicians are a vitally important partner in 
ensuring that all lead test results are reported.

Use of the Wisconsin Blood Lead Registry—As children may 
be tested for lead outside of their medical home, preventing 
unnecessary duplicate screening by primary care providers is 
important. The State of Wisconsin provides physicians with 
access to all blood lead test results through the Wisconsin Blood 
Lead Registry (Lead Registry) via the Wisconsin Immunization 
Registry (WIR) portal. The Lead Registry is updated each week 
with new test results, including tests done at all locations, such 

as WIC sites, HeadStart, and physicians’ offices. The Lead 
Registry also can help physicians to easily identify children who 
have not yet been tested or are due for another test. Information 
on how to access the Lead Registry is provided in Appendix A.

Eliminating Childhood Lead Poisoning in Wisconsin 
Primary Prevention— Because no level of lead is safe, primary 
prevention is the best way to eliminate childhood elevated blood 
lead levels. Primary prevention prevents exposure before it hap-
pens. Children can be exposed to lead-based paint in their homes, 
lead-contaminated soil in their yards, and potentially in their water 
supply if their housing unit has lead pipes or lead-containing sol-
der. To a much lesser extent, other potential sources of exposure 
include lead in toys, candy, and other products, like imported spices 
and cosmetics. Physicians play a key role by educating parents and 
caregivers about elevated blood lead level risks and prevention mea-
sures so that they can take corrective action. Primary care physicians 
should initiate primary prevention as early as possible, ideally at a 
prenatal visit. If the family or caretakers live in older housing, clini-
cians should discuss ways to decrease exposure to lead and provide 
the family with written material to take home. (See Appendix B.) 

Special Considerations for Physicians Who Provide Prenatal Care 
and Services— Primary prevention should begin even before a 
child is born. Not only is prenatal care an important time to 
educate future parents about lead exposure, mothers who are 
themselves exposed may pass this lead to their fetus during gesta-
tion and through breast milk. The fetal blood lead level approxi-
mates the maternal blood lead level. The CDC has published 
guidelines for care of pregnant and lactating women,¹⁰ which 
include models of screening questionnaires to determine a wom-
an’s risk for lead exposure. In brief, the most important action 
is to identify and remove potential sources of lead exposure. In 
addition, women should be assessed for dietary adequacy and 
counseled about breastfeeding options at higher levels of expo-
sure. Physicians should ask about occupation, hobbies, home 
remedies, folk medicine, pica, and imported candies and ceram-
ics to identify potential environmental sources. However, even 
with no current exposure, lead stored in bone from childhood 
exposure may be mobilized along with calcium during pregnancy 
and lactation, leading to an increased blood lead level. It is criti-
cal to counsel pregnant and lactating women on recommended 
intake of calcium, iron, and Vitamin C, as proper nutrition can 
reduce the absorption of lead and the mobilization of lead stored 
in bone (from previous lead exposure). However, these nutri-
tional efforts are meant to mitigate some of the harmful effects 
of lead and are not a substitute for primary prevention. 

Secondary Prevention— Physicians also play a key role in second-
ary prevention, or mitigating the adverse effects in children already 
exposed to lead. The first step is identifying children with elevated 
blood lead levels through blood lead testing. Elevated blood lead 
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levels in young children are primarily asymptomatic, therefore 
testing is the only way to detect them. As described above, many 
children are never tested for lead, including those at high risk for 
lead exposure. Consequently, many children with elevated blood 
lead levels are never identified and do not receive interventions, 
increasing their risk for the myriad health, educational, and social 
problems associated with prolonged exposure to lead. Although 
the reasons for not receiving required testing have not been iden-
tified fully, they include a mistaken belief that the child is not at 
risk or has been tested elsewhere (eg, WIC), lack of awareness of 
the Medicaid testing requirements, a decision by parents/guard-
ians not to have their child tested, and logistical barriers (eg, the 
child is referred to an outside lab for the blood draw or the child 
changes health care providers). 

Physicians are a vital partner in ensuring that children receive 
appropriate blood lead testing and that children identified with 
elevated blood lead levels receive appropriate care. The American 
Academy of Pediatrics has published “Prevention of Childhood 
Lead Toxicity,”⁷ which is one resource physicians may use to 
determine the course of follow-up, and other resources are listed 
in Appendix A. The CDC also has some specific advice for chil-
dren with a blood lead level ≥ 5 µg/dL:¹¹ 
• Confirm an elevated capillary blood lead test with a venous 

sample.
• Provide follow-up blood lead monitoring according to the 

CDC recommended schedule. 
• Conduct a complete history and physical exam on the child.
• Conduct the appropriate laboratory tests to assess iron status.
• Assess the child's growth and development (including neuro-

logical development¹²) and continue to monitor as the child 
ages and enters school.

• Provide education to the family on the sources of lead and how 
to reduce any possible lead hazards.

• Abdominal x-ray (if particulate lead ingestion is suspected) 
with bowel decontamination if indicated.

• Environmental investigation conducted by local health depart-
ment and lead hazard remediation conducted by certified lead 
professional.

• Oral chelation therapy for blood lead levels of > = 45 µg/dL or 
higher; consider hospitalization if lead-safe environment can-
not be assured.

Public health plays a key role in secondary prevention. 
Local health departments provide nursing case management 
and environmental investigations for children with elevated 
blood lead levels. These services can identify and eliminate lead 
sources in the home and prevent future exposures to people 
living in the same residence. Providers can contact the local 
health department in their community for more information 
about available services and refer children with elevated blood 
lead levels for further assessment.

CONCLUSIONS 
Wisconsin is making significant progress in protecting children 
from the harmful lasting effects of elevated blood lead levels, but 
much work remains to eliminate childhood elevated blood lead 
levels forever. Health care providers maintain primary responsi-
bility for testing children, thus physicians are a vital partner in 
preventing elevated blood lead levels, identifying children already 
affected by lead, and reducing the adverse effects of lead exposure 
throughout the lifespan and across generations.
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ORIGINAL RESEARCH

INTRODUCTION
Carbon monoxide (CO) is a colorless, 
odorless, and nonirritating gas that is often 
described as a silent killer because expo-
sure may not be detected until the onset 
of severe symptoms. Symptoms of CO 
poisoning are nonspecific and include 
headache, nausea, vomiting, dizziness, 
confusion, chest pain, and loss of con-
sciousness. Severe poisoning can result in 
myocardial injury, coma, and death.¹,² CO 
exposure is especially dangerous for preg-
nant women, as poisoning can result in 
miscarriage of the fetus.³,⁴ Sources of CO 
include internal combustion engines, fires, 
and gas-powered appliances such as fur-
naces and stoves.³,⁴ CO poisoning occurs 
frequently and is a leading cause of non-
drug poisoning mortality in the United 
States. The Centers for Disease Control 
and Prevention (CDC) estimate that unin-
tentional, non-fire-related CO poisoning is 

responsible for 450 deaths and 21,000 Emergency Department 
(ED) visits annually in the United States.³

Large-scale CO poisoning events have been described in case 
studies and have occurred in settings such as churches, ice hockey 
arenas, schools, and occupational environments.⁵-¹² While these  are 
described as “large-scale events” due to the large number of persons 
exposed, there is currently no definition of a large-scale CO poison-
ing event used in the literature. In the past decade, several high-pro-
file, large-scale CO poisoning events have occurred in Wisconsin. 
For example, 74 people were poisoned at a youth hockey tourna-
ment in 2014 due to a poorly maintained ice resurfacer; 123 people 

ABSTRACT

Introduction: Carbon monoxide (CO) poisoning is responsible for over 450 deaths and 21,000 
Emergency Department visits annually in the United States. In Wisconsin, multiple large-scale CO 
poisoning events have occurred in recent years. This analysis explores trends in CO exposure 
events in the state from 2006 through 2016.

Methods: Wisconsin Poison Center (WPC) CO exposure data from January 1, 2006 through 
December 31, 2016 was analyzed for trends over time. CO poisoning cases were classified using 
the Council of State and Territorial Epidemiologists case definition.

Results: During the study period, 3,703 persons were exposed to CO and 2,148 were poisoned. 
On average, 337 persons were exposed annually over this period, with an annual average of 195 
suspected and probable poisoning cases per year, as reported to the WPC. Large-scale events 
( ≥  5 persons) accounted for 4.8% (n = 104) of all events. Using data extracted from WPC case 
notes for large-scale exposures, the most common source of exposure was furnaces or water 
heaters (20.2%; n = 21) followed by fire (8.7%; n = 9).

Conclusions: Despite public health efforts to reduce CO exposures, CO poisoning continues to 
affect Wisconsin residents. Efforts to prevent large scale CO poisonings should focus on awareness 
of CO exposure within the home, as well as the risk in public or occupational settings. Moreover, 
these efforts should focus on improving the use of CO detectors in all settings to prevent exposure. 
The WPC can be used as a resource for clinicians in cases of CO exposure and poisoning.
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2018 (Wisconsin Statute § DHS 145.04) 
and surveillance data are limited. However, 
the Wisconsin Poison Center (WPC) 
serves as a passive surveillance system for 
chemical poisoning exposures and illnesses 
in the state. Although not all exposures are 
reported to the WPC, this database still 
constitutes the best available data source to 
assess trends in CO exposure events.

Using WPC data, this paper aims to 
describe CO exposure events in the state of 
Wisconsin from January 1, 2006 through 
December 31, 2016. Large-scale exposure 
events are described and evaluated for tem-
poral trends.

METHODS
Carbon Monoxide Exposures
To identify individuals exposed to CO dur-
ing the study period, data were collected 
from the WPC, a certified poison control 
center for the state of Wisconsin. Calls to 
the WPC are managed by Specialists in 
Poison Information (SPIs) who are phy-
sicians, nurses, or pharmacists trained in 
poison information. Calls are received from 
the public as well as health care profes-
sionals. The National Poison Data System 
(NPDS) houses WPC data and was queried 
for CO exposure calls that occurred dur-
ing the 2006-2016 study period. Exposure 
calls with the substance “carbon monox-
ide” during the specified time period were 
included in this analysis. An exposure call 
is defined as a call about a concern relat-
ing to an exposure to a substance. In some 
instances, SPIs determine that an exposure 
initially believed to have occurred never 
actually occurred; these calls are labeled 
with medical outcome “Confirmed Non-

Exposure” and were removed from the dataset prior to analysis. All 
exposures reported to the WPC are given a medical outcome using 
the American Association of Poison Control Centers (AAPCC) clas-
sifications. The AAPCC defines a minor effect as symptoms of the 
exposure that were minimal and resolved rapidly. Moderate effects 
are more prolonged than minor effects and usually require some 
form of medical treatment. Major effects are considered to be life-
threatening or result in significant disability or disfigurement. More 
information on NPDS medical outcome definitions can be found 
in the NPDS annual report or coding manual.¹⁴

were exposed at a movie theater in 2015; and 31 workers were poi-
soned in 2017 following an occupational exposure at an appetizer 
manufacturing facility.⁷,¹¹,¹³ In the case of the hockey tournament, 
players and game attendees complained of nonspecific symptoms, 
such as headache and difficulty breathing, but CO exposure was 
not suspected until a player lost consciousness in the locker room.⁷

Despite case reports of large-scale CO poisonings, epidemio-
logical studies that assess the frequency and severity of poison-
ings caused by large-scale CO exposure events are lacking. CO 
poisoning was not a reportable condition in Wisconsin until July 

Figure 1. Carbon Monoxide Poisoning Cases and Exposure Events by Year in Wisconsin, 2006-2016

Figure 2. Carbon Monoxide Poisoning Cases and Exposure Events by Month in Wisconsin, 2006-2016 
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CO Poisoning Cases
CO poisoning cases were identified and 
classified using the 2014 Council for State 
and Territorial Epidemiologists (CSTE) case 
definition.¹⁵ CSTE defines a suspected case 
in poison control center data as record of an 
individual with “exposure” as the type of call 
where the substance was CO and a minor 
medical outcome was reported. Probable 
cases are defined as CO exposure records 
with a moderate or major medical outcome 
or where death was reported. Confirmed 
cases meet the suspected or probable defi-
nitions and have a positive environmental 
exposure consistent with CO poisoning as 
indicated in the case notes.¹⁵

CO Exposure Events
In this analysis, CO exposures with a com-
mon carbon monoxide-emitting source 
were grouped and defined as 1 CO expo-
sure event. An event may involve 1 or more 
people and, as such, may involve more 
than 1 call to the WPC. Exposure events 
were classified into 2 categories: poisoning 
events and nonpoisoning events. A poison-
ing event involved at least 1 case of CO 
poisoning, suspect or probable, as defined 
by the CSTE case definition. For the purposes of this analysis, we 
defined large-scale events as exposure events involving ≥ 5 persons. 
This threshold was chosen to describe large-scale events in order to 
select events large enough to be at the tail end of the distribution 
(ie, between 95th and 99th percentile), while simultaneously provid-
ing a sufficient sample of events to monitor across time. Sensitivity 
analyses using higher cut-points showed similar trends but were less 
stable with regards to rate fluctuations due to low sample sizes. Case 
notes for large-scale events were abstracted and reviewed for infor-
mation involving source of exposure and mention of CO detectors. 
Case notes for non-large-scale events < 5 persons were not reviewed 
and detailed exposure information was not available.

Statistical Analysis
All data were analyzed using SAS version 9.4 (SAS Institute Inc., 
Cary, North Carolina). Counts of cases and individuals exposed by 
demographic, exposure site, and temporal characteristics were calcu-
lated. Counts of exposure events by event characteristics were also cal-
culated. Two-by-two tables were used to obtain chi-square statistics. 
Trends in proportions of cases over time and large-scale events over 
time were calculated using the Cochran-Armitage trend test.

RESULTS
CO Exposures and Poisoning Cases
During the 2006–2016 study period, 3,703 individuals were 
exposed to CO, which resulted in 1,792 suspected and 356 prob-
able cases of CO poisoning (Figure 1). On average, 337 persons 
were exposed annually over this period with an annual average of 
195 suspected and probable poisoning cases per year. Men were 
more likely to be poisoned than women (P < 0.001, chi-square) 
(Table 1).

Of the 2,148 suspected and probable CO poisoning cases, 
1,640 (76.4%) were from acute exposure, 263 (12.2%) from 
chronic exposure, and 185 (8.6%) from acute-on-chronic expo-
sure. The majority of poisoning cases (83.4%; n = 1,792) had a 
minor medical outcome; 320 (14.9%) had a moderate outcome, 
33 (1.5%) had a major outcome, and there were 3 deaths (0.1%). 
Eighty-seven (4.1%) cases received hyperbaric oxygen treatment.

There was not a significant trend in proportion of expo-
sures that resulted in cases of CO poisoning over time (P = 0.12, 
Cochran-Armitage Trend test). Chi-square tests showed there was 
a significant difference between the proportion of cases among 
residential and non-residential exposures, with those exposed in 

Table 1. Demographic Characteristics of Carbon Monoxide Exposed Persons by Case Designation, Wisconsin, 
2006-2016

 Non-poisoning Suspected Probable Total
 Cases Cases Cases Events

Variable N % a N % a N % a N % b P-value c

Total 1555 41.99 1792 48.39 356 9.61 3703 100 -

Sex                
 Male 686 39.56 837 48.27 211 12.17 1734 46.83
 Female 842 43.74 941 48.88 142 7.38 1925 51.98 < 0.001
 Missing d 27 61.36 14 31.82 3 6.82 44 1.19
Age Category                
 ≤ 5 358 65.93 167 30.76 18 3.31 543 14.66
 6-12 96 36.09 149 56.02 21 7.89 266 8.43
 13-19 195 34.76 315 56.15 51 9.09 561 7.18
 20-29 181 34.28 301 57.01 46 8.71 528 15.15
 30-39 89 24.12 223 60.43 57 15.45 369 14.26
 40-49 93 27.68 172 51.19 71 21.13 336 9.96 < 0.001
 50-59 151 48.40 147 47.12 14 4.49 312 9.07
 60-69 42 32.06 59 45.04 30 22.90 131 3.54
 70-79 30 41.67 32 44.44 10 13.89 72 1.94
 80+ 12 30.77 14 35.90 13 33.33 39 1.05
 Missing d 308 56.41 213 39.01 25 4.58 546 14.74
Exposure Site                
 Public Area 52 27.66 108 57.45 28 14.89 188 5.08
 Residence 1390 46.15 1359 45.12 263 8.73 3012 81.34 < 0.001
 Unknown 11 50.00 9 40.91 2 9.09 22 0.59
 Workplace 53 15.92 230 69.07 50 15.02 333 8.99
 Other 49 33.11 86 58.11 13 8.78 148 4.00

a Calculated as a row percent.
b Calculated as a column percent.
c Chi-square test statistic.
d Missing categories were not included in the chi-square statistic.
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residential settings more likely to be classified as non-cases than 
as cases (P < 0.001, chi-square). Conversely, occupational expo-
sures are more likely to result in case status than non-case status 
(P < 0.001, chi-square), compared to nonoccupational exposures.

CO Exposure Events
Over the study period, there were 2,191 CO exposure events, 
1,456 (66.5%) of which resulted in at least 1 CO poisoning case. 
Trends were observed in month of exposure but not year. Winter 
months—November through February—accounted for 51.2% 
of exposure events. January had the highest number of events 
(15.15%; 332) and June had the fewest (4.11%; 90) over the 
11-year period (Figures 1 and 2).

The majority of CO exposure events (79.8%; n = 1,748) 
occurred in residential settings followed by occupational settings 
(11.8%; n = 259). A total of 61 (2.8%) events occurred in public 
areas. Of residential exposure events, 1,098 (62.8%) resulted in 
at least 1 case of CO poisoning. Of the 259 workplace exposure 
events, 219 (84.6%) events resulted in at least 1 case of CO poi-
soning (Tables 1 and 2). Large-scale events ( ≥ 5 persons), either 

residential or in a public area, accounted 
for 4.8% (n = 104) of all events (Table 2).

Of 104 large-scale exposure events iden-
tified, 75 (72.1%) included at least 1 case 
of carbon monoxide poisoning. The median 
number of individuals exposed during large-
scale events was 5 (range: 5–72); all but 1 
event had 5 to 15 persons exposed; the out-
lier had 72 persons exposed. On average, 
43.7% of those exposed (range 0%–100%) 
during large-scale events developed CO 
poisoning. The number of large-scale events 
each year was unstable ranging from a 
minimum of 3 in 2015 to a maximum of 
15 in 2011 with an average of 9 per year. 
There was no significant trend in propor-
tion of events that were considered large-
scale events over time (P = 0.79, Cochran-
Armitage trend test). The vast majority 
(86.5%; n = 90) were in residential settings, 
followed by occupational settings (8.7%; 
n = 9) and public areas (4.8%; n = 5).

Using data abstracted from WPC case 
notes for large-scale exposures, the most 
common source of exposure was furnaces 
or water heaters (20.2%; n = 21) followed 
by fire (8.7%; n = 9) (Table 3). The pres-
ence or absence of CO detectors was men-
tioned in 53 (51.0%) of large-scale event 
case notes. Of the large-scale event case 
notes reviewed, 41 (39.4%) mentioned a 

CO detector present at the site of exposure. It was noted in 12 
(11.5%) that a CO detector was not present.

DISCUSSION AND CONCLUSIONS
Carbon monoxide poisoning continues to be a significant public 
health issue in Wisconsin and results in an average of 195 poison-
ing cases every year based upon poison center data. Despite public 
health efforts to reduce CO exposures, the number of poisonings 
reported to the WPC has remained relatively constant from year 
to year. Nationally, CO poisoning is responsible for over 21,000 
ED visits annually.³ Poisoning can result in long-term health 
effects like memory loss and other neurological impairments.¹⁶ 
The economic burden of CO poisoning in the United States has 
been estimated at $1.3 billion annually as a result of direct health 
care costs and lost earnings.¹⁷

Analysis of WPC data revealed that CO exposures in Wisconsin 
peak in the winter months and decline in the summer. The sea-
sonality of CO poisoning in northern states is well documented 
and is due to increased use of gas heating equipment in the winter 
months.³,⁴,¹⁶ Residential exposure events were the most common 

Table 2. Carbon Monoxide Exposure Event Characteristics, Poisoning vs Nonpoisoning Events, Wisconsin, 
2006-2016

 Non-poisoning Cases Poisoning Events Total Events 

Variable N %
a
 N %

a
 N %

b
 P-value

c

TOTAL 735 33.55 1456 66.45 2191 100 --

Caller Site            
   Health Care Facility 111 17.65 518 82.35 629 28.71
   Public Area 5 41.67 7 58.33 12 0.55 < 0.001
   Residence 528 41.67 739 58.33 1267 57.83
   Unknown 2 66.67 1 33.33 3 0.14
   Workplace 20 27.78 52 72.22 72 3.29
 Other 69 33.17 139 66.83 208 9.49
Exposure Site            
   Public Area 13 21.31 48 78.69 61 2.78
   Residence 650 37.19 1098 62.81 1748 79.78 < 0.001
   Unknown 9 45.00 11 55.00 20 0.91
   Workplace 40 15.44 219 84.56 259 11.82
 Other 23 22.33 80 77.67 103 4.70
Persons Exposed per Event            
   1 521 34.21 1002 65.79 1523 69.51
   2 102 32.59 211 67.41 313 14.29
   3 47 30.92 105 69.08 152 6.94 0.72
   4 35 35.35 64 64.65 99 4.52
   5+ 30 28.85 74 71.15 104 4.75
Reason            
   Intentional - Other 10 23.26 33 76.74 43 1.96
   Intentional - Suspected suicide 20 14.18 121 85.82 141 6.44
   Unintentional - Environmental 541 37.08 918 62.92 1459 66.59 < 0.001
   Unintentional - Occupational 32 14.75 185 85.25 217 9.90
   Unintentional - Other 123 39.81 186 60.19 309 14.10
   Unknown 9 40.91 13 59.09 22 1.00

a Calculated as a row percent.
b Calculated as a column percent.
c Chi-square test statistic.
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(79.8%; n = 1,748). The risk of CO exposure from gas-powered 
household appliances, such as furnaces, water heaters, stoves, 
generators, and vehicles, is well-documented and is reinforced by 
these findings.³,⁴,¹⁶ Residential exposures were also the most com-
mon exposure site among large-scale events; 20.2% of large-scale 
event exposure sources were home furnaces or water heaters, indi-
cating a departure from the literature that primarily provides case 
studies of large-scale CO poisonings in public areas.⁵-¹² 

CO poisoning events described in the literature are very 
large and have involved 25 to 184 individuals poisoned.⁵-¹⁰ In 
our sample, only 4.75% of events affected 5 or more people, 
and of those events, all but one affected fewer than 15 indi-
viduals. The outlier event was the poisoning at a youth hockey 
tournament in 2014, with 72 records.⁷ This finding suggests 
that while there are CO poisoning events affecting dozens of 
persons in public areas, as documented in the literature, it is 
much more common that families are exposed to CO and poi-
soned in their homes. As such, efforts to prevent large-scale 
CO poisonings should focus on awareness of CO exposure 
within the home, in addition to public or occupational set-
tings. Moreover, these efforts should focus on improving the 
use of CO detectors in all settings to prevent exposure.

Although poison control data can provide detailed event infor-
mation, poison centers rely upon reports from the public and health 
providers and likely underestimate the true incidence of CO poi-
sonings. A public health investigation of a large-scale exposure at 
a hockey tournament discovered that only 72 (48.0%) individu-
als exposed had records in WPC data. During this incident, over 
150 people were exposed and 92 went to the ED.⁷ An occupational 
exposure investigation found that of 41 workers that went to the 
ED, only 7 (17.0%) records were found in WPC data for this event. 
Additionally, it was discovered that only 2 of the 5 EDs visited by 
the workers called the WPC.¹¹ These investigations underscore the 
limitations of using poison control center data as a passive surveil-
lance system and indicate that these data underrepresent the true 
number of CO exposure events as well as the number of people 
exposed during these events. Residential exposures are likely to be 
either reported in full or missed completely because family members 
are likely to present to the same ED; whereas larger public site or 
workplace exposures are likely to present to multiple EDs.

The findings presented here reinforce the need for improved 
prevention efforts and improved surveillance activities to better 
characterize the burden of CO poisoning. Use of CO detectors with 
audible alarms is effective in alerting potential victims of its pres-
ence, reducing symptoms from exposure.¹⁸,¹⁹ Large-scale poisoning 
events in hockey rinks spurred enactment of a 2013 law requir-
ing detectors at public venues in Minnesota (Minnesota Statute 
§ 4620.4550). Wisconsin requires CO detectors in all homes and 
apartments that have gas-powered appliances, but does not require 
them in workplaces or public areas (Wisconsin Statute § 101.149). 
CO poisoning is a reportable condition in Wisconsin as of July 

2018. By making the condition reportable to public health, there 
will be increased awareness of the condition among health care pro-
viders. Additionally, the Wisconsin Department of Health Services 
will gather improved exposure information to identify the true bur-
den of CO exposure as well as information on which CO sources 
should be targeted through public health messaging.

Finally, clinicians should be maintaining a high index of suspicion 
for CO poisoning when patients present with nonspecific symptoms 
without obvious cause. Nonspecific symptoms such as headache and 
nausea contribute to underdiagnosis.²⁰ In 1 study of ED visits, 37 
patients presenting with a headache were investigated for evidence 
of carbon monoxide exposure. Seven (19%) of these patients had 
carboxyhemoglobin levels > 10%, and 6 of the 7 had a definite or 
probable toxic CO exposure. None of these patients were suspected 
of having CO poisoning until the clinician received the test results. 
Additionally, 3 of the 7 patients with CO poisoning had cohabitants 
with symptoms of CO poisoning.²¹ Increased awareness of CO poi-
soning among health care providers is necessary for proper diagnosis 
and treatment of the condition. The WPC center can be used as a 
resource for clinicians.
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INTRODUCTION
Alzheimer disease and other dementias 
are common disorders with limited treat-
ment options. One goal of memory care 
clinic evaluations is to identify and treat 
potentially reversible causes of demen-
tia. Such identification relies on findings 
from patient history and examination. 
Neuropsychiatric testing can determine 
the severity of deficits and may be able 
to distinguish different forms of demen-
tia, such as frontotemporal dementia or 
Alzheimer disease. The Repeatable Battery 
for the Assessment of Neuropsychological 
Status (RBANS)1 is a robust yet brief stan-
dardized screening tool used to evaluate 
patients for memory loss. It measures sev-
eral cognitive domains, including immedi-
ate memory, delayed memory, visuospatial 
abilities, attention, and language, that can 
be affected by an underlying dement-
ing process. The mean (SD) score on the 
RBANS is 100 (10), and the usual pattern 
in dementia is a decrease in scores across all  
domains. In every reported cognitive disor-

der, the delayed memory score (recall at 30 minutes) is considerably 
more affected (decreased) than the immediate memory score (recall 
at 5 minutes). In the memory care clinic setting, the test can be 
repeated as often as every 6 months, which allows for ongoing 
assessment of cognitive decline. 

We noted a pattern of lower scores for immediate memory 
than for delayed memory (immediate memory < delayed memory) 
in patients with known or suspected obstructive sleep apnea. A 

ABSTRACT

Objectives: The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) 
is used to screen for dementia in many Wisconsin Alzheimer Institute memory care clinics. After 
observing a pattern of lower scores for immediate memory than for delayed memory (immediate 
memory < delayed memory) that seemed to predict obstructive sleep apnea in patients seen in 
our memory care clinic, we aimed to confirm the validity of this finding.

Methods: We retrospectively identified all patients seen in our memory care clinic from 
December 2011 through December 2014 who completed the RBANS. The frequency of obstruc-
tive sleep apnea was determined among those with the pattern of interest (immediate mem-
ory < delayed memory). 

Results: Among 191 patients who met the inclusion criteria, 81 (42%) displayed the immediate 
memory < delayed memory pattern. Of these, 54 patients had been or were subsequently tested 
for obstructive sleep apnea; 35 (65%) were positive. In the positive group, the mean age was 74 
years; 60% were women. 

Conclusions: Obstructive sleep apnea is a known risk factor for cognitive dysfunction. It is a 
potentially treatable cause of memory loss that can be clinically silent. This study shows that a 
unique pattern (immediate memory < delayed memory) on the RBANS commonly used at memory 
care clinics can identify a group of patients who can be evaluated and treated for this common 
and remediable condition.
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review of 1 year of data in our clinic showed that this pattern 
seemed to predict obstructive sleep apnea. The patients often did 
not have typical sleep apnea symptoms and, as such, the diagnosis 
most likely would have been missed had we not investigated this 
pattern further. 

The immediate memory < delayed memory pattern is oppo-
site what typically is seen in dementias (Figure 1). In fact, in 
our clinic, patients with the usual pattern (immediate memory 
greater than delayed memory) rarely had diagnosed or suspected 
obstructive sleep apnea syndrome. In an earlier pilot study that 
we conducted, a screen of 43 patients who had the typical pattern 
of immediate memory > delayed memory showed a 14% rate of 
obstructive sleep apnea; in contrast, patients with the immediate 

memory < delayed memory pattern had a 
35% rate of obstructive sleep apnea. Based 
on these findings, we expanded our study 
to encompass 3 years of patient data. 

METHODS
We conducted a retrospective chart 
review of all patients seen in our memory 
care clinic between December 2011 and 
December 2014 who met the inclusion cri-
teria of age 20 to 89 years with documenta-
tion of RBANS evaluation. As part of the 
intake process, all patients had completed 
a routine screening questionnaire, which 
included questions regarding snoring, 
apnea episodes, and excessive sleepiness, as 
well as the Epworth Sleepiness Scale. 

We identified patients who exhibited 
the pattern of interest (immediate mem-
ory < delayed memory), then evaluated 
those who were tested for sleep apnea to 
determine the percentage who had a diag-
nosis of obstructive sleep apnea based on 
standard criteria. The sleep evaluation was 
done using standard criteria polysomnogra-
phy in an accredited sleep disorder center. 
In patients with the pattern of interest who 
were evaluated after the initial pilot study, 
we recommended overnight pulse oximetry 
for those who had not been formally tested 
for obstructive sleep apnea, whether or not 
they had a clinical indication for further 
testing. In patients without the pattern of 
interest, we did further testing only if clini-
cal indicators for obstructive sleep apnea 
were present. We also evaluated body mass 
index (BMI) in all patients.

Standard Protocol Approvals, Registrations, and Patient Consent
The Mayo Clinic Institutional Review Board reviewed and 
approved the study protocol. No informed consent was required 
due to the retrospective study design. Patients were identified 
using a query of electronic medical records.

RESULTS
A total of 191 patients met inclusion criteria for the study period. 
Of this group, 81 patients (42%) exhibited the immediate mem-
ory < delayed memory pattern of interest and 54 (67%) had been 
or were subsequently tested for obstructive sleep apnea (Figure 2). 
In the group not tested (n = 27), many patients had declined or 
were unable to complete testing. Among the 54 patients tested 

Figure 1. Typical RBANS Patterns for Various Dementias Compared With OSA Data From Current Study

Bars show mean scores for various cohorts. A mean (SD) score of 100 (10) indicates the 50th percentile. 
Abbreviations: OSA, obstructive sleep apnea; RBANS, Repeatable Battery for the Assessment of 
Neuropsychological Status. Data from Randolph.¹ 

Figure 2. Patient Flow Chart

Abbreviations: IM<DM, immediate memory less than delayed memory; MCC, memory care clinic; OSA,  
obstructive sleep apnea.
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with polysomnography, 35 (65%) met criteria for obstructive 
sleep apnea (Figure 2). The mean age of the positive group was 74 
years; 60% were women.

BMI was similar for patients with and without the pattern of 
interest (27.3 vs 26.6 kg/m2). A review of the intake question-
naires of patients seen in the memory care clinic demonstrated 
that many patients who were ultimately identified as having 
obstructive sleep apnea did not exhibit typical symptoms (eg, 
excessive daytime sleepiness, observed apneas, loud snoring, stop-
breathing events) that would have suggested sleep apnea. Many 
patients with immediate memory < delayed memory also did not 
have the body habitus typically seen in obstructive sleep apnea. 

DISCUSSION
Sleep has an important role in memory function.2,3 Obstructive 
sleep apnea has been shown to affect cognitive function, and treat-
ment has shown variable effects.4,5 Obstructive sleep apnea is pres-
ent in 44% of men older than 65 years and 7% of women older 
than 65 years.6 In our study, unexpected obstructive sleep apnea 
was found on the basis of RBANS testing with fairly high fre-
quency. Since only two-thirds of the patients with the immediate 
memory < delayed memory pattern in our study group were tested 
with polysomnography, our results likely represent an underes-
timate of the frequency of obstructive sleep apnea in this patient 
population. We found no previous reports of using screening tests 
in a memory care clinic setting to predict obstructive sleep apnea, 
which makes our finding unique. 

Memory loss in patients with obstructive sleep apnea may 
be due to the direct effect of low oxygen saturation on suscep-
tible areas of the brain, including the hippocampus.7 Disrupted 
sleep, which is common in patients with obstructive sleep apnea, 
also has been reported to decrease memory function. Among the 
causes that might explain this finding are effects on sleep architec-
ture,8 decreased clearance of metabolites in patients with sleep dis-
ruption,9 and increased amyloid pathologic processes in patients 
with poor sleep.10-12 

Different types of neurologic disorders, including Alzheimer 
disease and vascular dementia, show different patterns on the 
RBANS test, but the pattern in all reported disorders shows 
higher scores for immediate memory than delayed memory. 

CONCLUSION
Our study shows that a unique pattern noted on the RBANS can 
predict obstructive sleep apnea in a memory care clinic setting. 
This pattern (immediate memory < delayed memory) has not been 
reported in other forms of dementia (Figure 1). The finding of 
obstructive sleep apnea in our memory care clinic patients based 
on the unique pattern of immediate memory < delayed memory 
was common and often unexpected because patients did not have 
typical symptoms on standard obstructive sleep apnea screening 
criteria. The cause of this unique pattern in patients with obstruc-

tive sleep apnea is uncertain, and further investigation using a 
case-control study is planned. 

Treatment of obstructive sleep apnea in memory care clinic 
patients can result in substantial improvement in cognitive 
function, especially if diagnosed early. Aggressive evaluation for 
obstructive sleep apnea in patients with the pattern of immediate 
memory < delayed memory is encouraged. 
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INTRODUCTION
Venous thromboembolism events (VTE), 
which include deep vein thrombosis 
(DVT) and pulmonary embolism (PE), are 
a common problem affecting an estimated 
422/100,000 people in the United States 
per year.¹ Anticoagulation is currently the 
standard of treatment to manage DVT and 
PE.² For those patients who have a contra-
indication to or proven failure of anticoag-
ulation, placement of an inferior vena cava 
(IVC) filter is an effective mode of PE pre-
vention.³ Filter placement consensus guide-
lines have been published by the American 
College of Chest Physicians and the Society 
of Interventional Radiology, among others. 
Despite the implication of consensus, the 
differences that remain have led to varied 
practice patterns. Indications for placement 
are predominantly categorized as absolute, 
relative, or prophylactic.³-⁵ However, over 
the last decade, the ease of use and retriev-
ability of modern IVC filters has, in effect, 
lowered the threshold for device insertion 
in many clinical settings, rapidly expanding 
relative and prophylactic indications.⁶

Periprocedural complication rates are low with IVC filter 
placement, consisting mainly of insertion site DVT and, rarely, 
bleeding or vascular injury. However, increasing attention is 
being paid to long-term complications associated with indwell-
ing filters. Filter fracture, embolization from IVC filter thrombi, 
IVC thrombosis, increase in subsequent DVTs, and migrations 
of the filter are among the reported complications.⁷-¹⁷ These 
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ABSTRACT

Introduction: Indwelling inferior vena cava (IVC) filters are associated with complications, and the 
US Food and Drug Administration recommends their prompt removal when no longer indicated. 
Therefore, assessing strategies for increasing retrieval rates is warranted.

Objective: To analyze the variability of IVC filter retrieval rates within our institution based on 2 sep-
arate, pre-existing processes in which IVC retrieval is planned for before or after hospital discharge.

Methods: Retrospective chart review was completed for all IVC filters placed in adults between 
January 2005 and March 2015. Demographics and clinical data related to filter placement and 
retrieval were abstracted. Patients were classified into 2 groups: patients who had a trauma 
consultation trauma and nontrauma medical and surgical patients medical. The trauma group 
patients were subject to a 2-layer tracking process, in which retrieval planning was done before 
discharge, versus the medical group with a single-layer tracking process and retrieval planning 
done after discharge.

Results: Of the 588 filter placements analyzed, 236 were placed in trauma patients and 352 were 
placed for medical reasons. The retrieval rate of the entire cohort was 45% (262/588), with 
the rate among trauma patients more than double that of medical patients (155/236, 66% and 
107/352, 30%; respectively, P < 0.0001).

Conclusion: IVC filter retrieval rate was increased when filter removal was included in discharge 
planning versus postdischarge tracking. A systematic, multidisciplinary strategic approach to IVC 
filter management has great potential to improve filter utilization, resource allocation, patient 
safety, and filter retrieval.

Benjamin Parsons, DO; Peter J. Polewski, MD; Angela L. Smith, MA; Andrew J. Borgert, PhD; Ezana Azene, MD; 
Kurt Ziegelbein, MD; Mason Fisher, MD; Andrew Horstman, PA-C; Shannon Brozak, PA-C; Paul J. Escher, BA

Does Timing of Inferior Vena Cava Filter Retrieval 
Planning Impact Retrieval Rates? A Comparison 
of Planning Before or After Hospital Discharge
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complications and postmarketing reports prompted the US 
Food and Drug Administration (FDA) to release a statement in 
2010 recommending filter removal as soon as PE protection is 
no longer warranted.¹⁸

Retrievable IVC filters should be removed from patients 
with a documented DVT/PE when tolerance of a therapeu-
tic dose of anticoagulation has been reached, yet retrieval 
rates have been generally low. A single-center study review of 
retrieval rates between 2001 and 2006 found only 30.4% of 
patients had a documented plan for IVC filter removal. Of 
those without plans, 21.6% did not have contraindications 
to removal.¹⁹ Ko and colleagues demonstrated that a specific 
institutional process that monitors insertion and removal of 
IVC filters significantly increased filter retrieval rates.²⁰ One 
member of their trauma service was tasked with compiling a 
database to coordinate timely removal of all filters placed. The 
database also was used to generate an email to the admitting 
provider of any patient who had a filter placed as a reminder 
to plan for retrieval. These results guided adoption of spe-
cific retrieval program protocols across the nation, leading to 
improved trends for retrieval.²¹-²³

Institutional practices surrounding retrieval planning varies. 
At our institution, the interventional radiology (IR) department 
performs all IVC filter placement and removal procedures. The 
IR Department documents all IVC filter placements (medical 
and trauma patients) in a database that is reviewed quarterly to 
identify patients who need filter retrieval. Those patients identi-
fied are called to arrange for IVC filter removal. In addition, all 
patients with IVC filters placed by the trauma team are entered 
into a separate database maintained by the trauma team. This dis-
crete trauma database is used to schedule retrieval prior to dis-
charge. Thus, patients treated by the trauma service who require 
an IVC filter have an additional layer of retrieval planning prior 
to discharge. Because of this 2-layer tracking process, we sought 
to evaluate the variability of IVC filter retrieval rates within our 
institution.

METHODS
Our single-center cohort study consisted of patients with an IVC 
filter implanted between January 2005 and March 2015 who were 
18 years or older at the time of placement. The study protocol 
was reviewed and approved by the institutional review board. 
No informed consent was required due to the retrospective study 
design. Patients were identified using a query of electronic medi-
cal records.

Institution IVC Filter Placement Databases
The IR Department maintains a database, independent of the elec-
tronic medical record, of all implanted IVC filters. The database is 
populated using a radiology program that identifies all IVC filter 
placements over a specified time frame. Chart review is performed 

quarterly for patients in this database to determine if the filter has 
been removed, needs to be retrieved, or if the patient has died. 
If indicated, patients are contacted to arrange filter retrieval.

To plan filter removal prior to discharge, our trauma service 
implemented a protocol of entering into a database patients who 
received a trauma consultation and had an IVC filter placed. 
Similar to the IR Department’s, this trauma database also is sepa-
rate from the electronic medical record. Most patients recorded 
in this database will have filter removal scheduled with IR prior 
to discharge. The independent process of chart review in the IR 
Department serves as an additional layer to capture those trauma 
patients who were either missed or were unable to keep the 
planned follow-up appointment, and phone calls are placed to 
schedule removal.

Study Subjects and Measurements
Patients 18 years and older with an IVC filter were identified 
using a query of electronic medical records. Patients were divided 
into 2 groups: patients who had a trauma consultation trauma 
and nontrauma medical and surgical patients medical. Medical 
patients were defined as those requiring a filter for medical indica-
tions. The trauma group patients were subject to a 2-layer retrieval 
plan tracking process in which retrieval planning was done prior 
to discharge. Retrieval planning for the medical group was tracked 
by a single process in which retrieval is planned after hospital dis-
charge. Patients with no medical record data subsequent to their 
filter placement were deemed lost to follow-up and excluded from 
analysis. See the Figure for a study population flow diagram.

Electronic medical records were reviewed and data were 
abstracted for predetermined variables, including patient char-
acteristics (age, sex, body mass, smoking history), comorbid 
conditions, and filter placement and retrieval dates. To deter-
mine overall survival for patients included in analysis, the date 
of last contact and vital status also were abstracted.

Figure. Study Population

Abbreviation: LTFU, Lost to follow-up.

Filter placements
reviewed
N = 633

Medical
n = 352

Trauma
n = 236

Excluded (n = 45)
LTFU
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Statistical Analysis
Categorical variables were compared using the chi-square or 
Fisher’s exact tests. Continuous variables were evaluated with 
Wilcoxon rank sum tests. To control for differences in demo-
graphic and clinical features between the trauma and medical 
groups, a multivariate logistic regression model of successful filter 
removal was developed via a stepwise variable selection process, 

with P < 0.25 required for initial inclusion of a candidate explana-
tory variable into the model, and P-value < 0.10 required for the 
candidate variable to remain in the model over subsequent model 
building steps. All statistical analysis was completed with SAS 9.3. 
A P - value of < 0.05 was defined as significant.

RESULTS
There were 633 IVC filter placements at our institution during the 
10-year study period; 45 patients were lost to follow-up, leaving a 
sample size of 588 for final analysis. Of those analyzed, 30 of the 
placed filters were deemed permanent at the time of placement, and 
68 patients died within 30 days. Nearly all (n = 28) of the permanent 
filters were found in the medical group. We found that 60% of the fil-
ters placed during the study period were for medical indications, and 
the medical population had a higher percentage of comorbid condi-
tions. The medical group was older, with a mean age of 65.4 years 
compared to 43.2 years in the trauma group (P < 0.0001). The medi-
cal group had a lower proportion of male subjects (P < 0.0001) and a 
higher percentage of comorbid conditions. See Table 1 for complete 
demographic and clinical characteristics.

The IR Department placed all of the filters included in our 
study. The most common type of filters inserted among both 
groups was Cook Medical® Celect™ (n = 381, 65%), followed 
by the G2® Bard® (n = 116, 20%), and Bard® Recovery™ (n = 51, 
9%). Very few filters inserted were by Crux® or Günther-Tulip® 
(n = 26, 4%; and n = 13, 2%, respectively) and there was only 
1 Bird’s Nest® filter placed during our study period. Overall, 
178 filters (30%) were placed for absolute indications and 72 
(12%) for relative indications; 320 (54%) were placed with pro-
phylactic indications and 18 (3%) for indications outside the 
Society of Interventional Radiology’s guideline.³ Some patients 
categorized in the trauma group (prophylactic indication) may 
have had absolute indications not noted in the data. The 3 most 
prevalent clinical indications for filter placement in the medical 
group were to prep for surgery with a clot history (n = 84, 24%), 
pulmonary embolism with large clot burden (n = 56, 16%), and 
bleeding on anticoagulation (n = 57, 16%). See Table 2 for a 
complete listing of clinical indications for filter placement.

Of the 588 filters implanted, the overall retrieval rate was 45% 
(262/588). The retrieval rate among trauma patients was more than 
double that of patients with an IVC filter placed for medical rea-
sons (155/236, 66%, and 107/352, 30%; respectively, P < 0.0001), 
and the median time to removal was 63 days (range 8-820) for the 
trauma cohort versus 80.5 days (range 2-877) in the medical group 
(P = 0.016). Out of 285 attempts, there were 262 successful retriev-
als (92%). Of the 324 nonpermanent medical cases, 33% (n = 107) 
of IVC filters were removed, while 66% (155/234) of filters in the 
nonpermanent trauma cases were removed (P < 0.0001). The associ-
ation between filter placement for trauma indications and successful 
retrieval remained significant after controlling for relevant demo-

Table 1. Patient Demographics and Clinical Characteristics

Variable Medical Group Trauma Group P-value

 n = 352 n = 236

Age (years, median ± SD) 65 ± 15.8 43 ± 19.7 < 0.0001
Gender   < 0.0001
  Male 179 (51) 172 (73)
  Female 173 (49) 64 (27)
Body Mass Index *   0.0003
  < 30 170 (49) 141 (67)
  30-34 85 (25) 42 (20)
  35-39 41 (12) 18 (9)
  40-49 30 (9) 7 (3)
  ≥ 50 19 (5) 3 (1)
Smoking status   < 0.0001
  Current 37 (11) 62 (26)
  Former 145 (41) 50 (21)
  Never 158 (45) 94 (40)
  Never assessed 12 (3) 30 (13)
Comorbidities
  Congestive Heart Failure 47 (13) 9 (4) < 0.0001
  Nephrotic syndrome 114 (32) 13 (6) < 0.0001
  Hypertension 172 (49) 52 (22) < 0.0001
  Diabetes Mellitus 85 (24) 21 (9) < 0.0001
  History of stroke 36 (10) 4 (2) < 0.0001
  History of Myocardial Infarction 24 (7) 5 (2) 0.0099
  Coronary Artery Disease 52 (15) 8 (3) < 0.0001
  Chronic Lung Disease 50 (14) 14 (6) 0.0016
Venous Thromboembolism 236 (67) 13 (7) < 0.0001
(at the time of filter placement)

Note: Data are presented as frequency (%), unless indicated otherwise. Missing 
BMI data for 7 patients in the Medical Group, and 25 patients in the Trauma Group.

Table 2. Clinical Indications for Inferior Vena Cava Placement in the Medical Group

Clinical Indication n = 352 (%)

Prep for surgery with a clot history 84 (24)
Pulmonary embolism with large clot burden 56 (16)
Bleeding on anticoagulation 57 (16)
Active or prior gastrointestinal bleed 43 (12)
Active bleed with deep vein thrombosis/ 28 (8)
pulmonary embolism
Hemorrhagic cerebrovascular accident 21 (6)
Other 18 (5)
Malignancy 12 (3)
Failure of anticoagulation therapy 11 (3)
Inability to anticoagulate and surgery 9 (3)
Not an anticoagulation candidate 9 (3)
Severe cardiopulmonary disease 3 (1)
Fall risk 1 (0.3)

Note: Data are presented as frequency (%).
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graphic and clinical factors via multivariate logistic regression (Table 
3). In this model, filter placement for trauma indications, body mass 
index > 35 kg/m2, and temporary anticoagulation after filter place-
ment (vs no anticoagulation after placement) were independently 
associated with increased probability of successful filter removal, 
while advanced age (> 75 years), an active cancer diagnosis, conges-
tive heart failure, and hypertension were associated with a decreased 
probability of filter removal. We found that retrieval was not 
attempted for 66% (234/352) of the filters inserted in the medical 
cohort versus 29% (69/236) in the trauma group.

DISCUSSION
Reported rates of IVC filter retrieval historically have been vari-
able, ranging from 10% to 50%.⁶ Adverse events, including caval 
perforation, strut fracture, IVC occlusion, and filter migration have 
been associated with long-dwelling retrievable filters.⁷,¹⁰,¹²,¹⁶ In 
response to low retrieval rates and risks, the FDA issued a Safety 
Communication recommending that implanting physicians and cli-
nicians be responsible for following up with patients with retrieval 
IVC filters and to remove them as soon as clinically indicated.¹⁸

The optimal strategy for IVC filter retrieval remains challenging 
and subject to individual institution processes. Our analysis of a 2-layer 
tracking system for trauma patients and a single-layer system for medi-
cal and surgical patients resulted in significantly greater retrieval rates 
for the 2-layer system. At our institution, the trauma service and IR 
Department have independent processes to track implanted IVC filters 
that need removal, with some overlap. The primary difference in the 
processes is the time when formal retrieval planning occurs–before or 
after discharge. The IR Department plans retrieval after discharge for 
all IVC filters placed (including trauma, medical, and surgical patients), 
whereas the trauma service plans for retrieval prior to discharge. Thus, 
trauma patients are afforded an additional layer of tracking to ensure 
a plan for retrieval. We found that filters placed in trauma patients 
(2-layer tracking system) are being removed 2 times (66%) more often 
than those placed for medical indications (30%). 

The long-term complications associated with frequent lack of 
follow-up and failure to remove retrievable IVC filters has emerged 
as a major health issue. Several dedicated programs have been pro-
posed to improve the rate of IVC filter retrievals. Databases and/
or registries, dedicated filter retrieval clinics, and dedicated person-
nel to track and arrange retrieval all have been used as a means to 
retrieve filters in a timely manner.²³-²⁶ Lynch tracked patients for 
follow-up through a database and yielded an improved retrieval 
rate from 24% to 59%, and a University of British Columbia study 
found that a hematology consult was a significant predictor of 
retrieval attempts.²⁴ By establishing a dedicated filter retrieval clinic, 
Minocha et al saw an increase in filter retrieval from 29% to 60%.²³ 
Leeper and colleagues demonstrated an approximately 40% greater 
retrieval rate within their trauma patients versus nontrauma patients 
with a single trauma nurse practitioner following filter patients and 

coordinating outpatient visits for retrieval prior to discharge.²⁷ The 
CIRSE Retrievable IVC Filter Registry has shown an increased 
trend to remove IVC filters in recent years, which could reflect 
institutional efforts at implementing programs focused on tracking 
and retrieving implanted filters; however, room for improvement 
remains.²⁵ Future efforts focusing on leveraging electronic medical 
records to improve IVC filter retrieval rates are warranted.

Given the retrospective nature of this study, a limitation is the 
inherent vulnerability of the data source and confounding variables. 
Our data collection was reliant upon the quality of documentation 
in the electronic medical record, and omissions, misclassification, 
and misreporting may have contributed to incomplete informa-
tion. Given the retrospective nature of the study, we were not able 
to assess intent of filter permanence, patient preference for filter 
retrieval, reasons for failure to attempt filter retrieval, and other 
relevant data points that were not recoverable on chart review.

Despite these limitations, our results support the concept of 
planning for IVC filter retrieval before patients are discharged. 
Despite the challenges associated with varied health care system 
models, a systematic, multidisciplinary strategic approach to IVC 
filters has great potential to improve filter utilization, resource 
allocation and patient safety, and to increase filter retrieval rates. 
We encourage each institution to implement programs to assist in 
IVC filter retrieval. Based on the data we observed, our institution 
has now implemented a systemwide protocol of arranging IVC 
filter retrieval prior to discharge for all patients. We believe other 
institutions should give strong consideration to such a program.
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ORIGINAL RESEARCH

INTRODUCTION
Pediatric residency training programs 
should be designed to prepare residents 
for general pediatric practice in an ambu-
latory setting. To help accomplish this 
goal, the Residency Review Committee 
in Pediatrics of the Accreditation Council 
for Graduate Medical Education requires 
training programs to provide adequate 
continuity clinic experience for all resi-
dents.¹ This experience is expected to 
occur on a weekly basis throughout resi-
dency and to provide residents with the 
opportunity to see an appropriate number 
of patients and the same patients through-
out their years in residency training.

In some training programs, residents 
are assigned to community-based prac-
tices for their continuity clinic experience.  
The pediatricians serving as preceptors in 
these practices are often volunteer faculty 
and not full-time faculty members within 
the affiliated medical school. Accordingly, 
these preceptors usually do not have access 

to faculty development resources, have received no specific train-
ing for the role of continuity clinic preceptor, and may not have 
the same academic and teaching experience as a full-time medi-
cal school faculty preceptor.

A previous study showed that over a 5-year period, there was no 
statistically significant difference in American Board of Pediatrics 
In-Training Exam (in-training exam) scores between residents who 
attend an academic center continuity clinic and those that attend 
a community-based continuity clinic. However, since the in-train-
ing exam is administered at the beginning of each year of training, 

ABSTRACT

Background: Residency training programs are required to provide adequate continuity clinic 
experience for all residents.

Objective: Determine if there is a difference in medical knowledge between pediatric residents 
attending continuity clinic at a community-based center versus those attending an academic cen-
ter, as measured by the American Board of Pediatrics In-Training Exam (in-training exam) and the 
American Board of Pediatrics Certification Exam (certification exam).

Methods: A retrospective evaluation of in-training and certification exam scores of pediatric 
residents enrolled at the Medical College of Wisconsin and Children’s Hospital of Wisconsin was 
performed. Test scores of the group of residents participating in a community-based continuity 
clinic were compared to those residents attending an academic center continuity clinic.

Results: There were no statistically significant differences in mean test scores for each of the 
3 years of residency training on the in-training exam or board certifying exam after graduation. 
In-training exam scores significantly predicted certification exam scores, and there were signifi-
cant increases in the in-training exam scores throughout residency, irrespective of clinic location.

Conclusion: This study shows no difference between residents participating in a community-
based continuity clinic and those participating in an academic center continuity clinic in objective 
outcomes as measured by scores on the American Board of Pediatrics In-Training Exam and the 
American Board of Pediatrics Certifying Exam.
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the study was not designed to evaluate differences in knowledge that 
might not be apparent until after the completion of training.² The 
objective of this study was to determine if there is a statistically sig-
nificant difference in medical knowledge at the completion of train-
ing, as measured by the scores on the American Board of Pediatrics 
Certification Examination (certification exam) between residents par-
ticipating in a community-based continuity clinic and residents par-
ticipating in an academic center continuity clinic. Secondary objec-
tives were to determine if there are differences in the in-training exam 
scores between these groups of residents, with analysis of data over an 
extensive time period to assess any longitudinal differences in the in-
training exam mean scores, and how in-training exam scores predict 
the certification exam scores and measure potential increases in scores 
independent of location of the continuity clinic.

METHODS
A retrospective study was conducted of pediatric residents 
enrolled at the Medical College of Wisconsin and Children’s 

Hospital of Wisconsin from 2002 to 2011. Each resident was 
assigned to a weekly continuity clinic at a community-based 
practice or at an academic center practice (Downtown Health 
Center), based partly on individual resident preference at the 
start of residency. Residents who did not remain at the same 
clinic for their entire 3 years of training and those who did not 
take the certification exam were excluded from analysis. Resident 
scores were not evaluated after 2011 due to a change in the grad-
ing scale for the in-training and certification exams.

Researchers evaluated all eligible residents’ test scores during 
the years 2002 to 2011 for the in-training exam, which is 
administered yearly for each of the 3 years of training, and 
the certification exam, which is administered once after 
completion of the residency program. Test scores of the 
group of residents participating in a community-based con-
tinuity clinic staffed by volunteer preceptors were com-
pared to those residents attending an academic center con-
tinuity clinic staffed by full-time general pediatric faculty 
from the Medical College of Wisconsin using independent 
t tests. Comparison of in-training exam scores were made 
between the groups for each level of training, and certification 
exam scores were compared after graduating from residency. In 
addition, year by year comparisons of the certification exam 
scores were analyzed. A repeated measures analysis of variance 
(RM-ANOVA) was used to determine significant differences in 
mean scores of the in-training exam across the 3 training years 
for both groups of residents (separately and combined).

The relational strength and predictive strength of certifica-
tion exam scores (outcome) from the 3 annual in-training exam 
scores (predictors) was determined with multivariate linear 
regression analysis.

This study received approval from the institutional review 
board. Data were obtained independently and stored securely on 
a protected hard drive by the pediatric residency coordinator. All 
data were deidentified before being analyzed by an independent 
analyst outside of the Department of Pediatrics. All statistical 
analysis was generated by IBM® SPSS® 23.0.

RESULTS
A total of 189 out of a possible 193 (97.9%) resident test scores 
were evaluated. As reported in Table 1, there were no statisti-
cally significant differences in mean scores for the in-training 
exam from each of the 3 years of residency training or the 
certification exam when split by location of continuity clinic 
(academic center vs community-based). Figure 1 illustrates the 
certification exam scores across 2002 to 2011, split by location 
of continuity clinic.

As reported in Table 2, the in-training exam scores could sig-
nificantly predict certification exam scores for both continuity clinic 
locations. The first-year (beta = .239) and second-year (beta = .591) 
in-training exam scores were significant predictors for the residents 

Table 1. Mean ABPCE and ABPITE Scores of Residents in Different Locations 
for Continuity Clinic, 2002-2011

Exam N Location Mean (SD) ∆ P-value

PL-1 ABPITE 98 Academic 159 (109) 2 .937

 75 Community 161 (106)
  Based

PL-2 ABPITE 98 Academic 275 (116) 14 .412

 70 Community 289 (100)
  Based

PL-3 ABPITE 89 Academic 341 (98) -21 .191

 71 Community 320 (104)
  Based

ABPCE 104 Academic 508 (95) 9 .545

 81 Community 517 (94)
  Based

Abbreviations: ABPCE, American Board of Pediatrics Certifying Examination; 
ABPITE, American Board of Pediatrics In-Training Examination; PL, pediatric level.

Table 2. Prediction of ABPCE Scores From ABPITE Scores From Multivariate 
Linear Regressions, 2002-2011

Location ABPITE Individual Predictor Overall Regression
   Model Coefficients 

  Beta P-value R² P-value

Academic Center PL-2 .496 .001 .51 .001
and Community- PL-3 .280 .001
Based Combined

Academic Center PL-2 .591 .001 .61 .001
 PL-1 .239 .021

Community-Based PL-3 .407 .004 .39 .001
 PL-2 .289 .036

Abbreviations: ABPCE, American Board of Pediatrics Certifying Examination; 
ABPITE, American Board of Pediatrics In-Training Examination.
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at an academic center continuity clinic; the 
second-year (beta = .289) and third-year 
(beta = .407) in-training exam scores were 
significant predictors for the residents in a 
community-based continuity clinic.

 There were statistically significant 
increases in pediatric resident in-training 
exam scores from Pediatric Level-1 (PL-
1) to PL-2, PL-2 to PL-3 and PL-1 to 
PL-3 years as determined by RM-ANOVA 
reported in Table 3. These same patterns 
are observed when the data are split by 
location of continuity clinic. The larg-
est mean differences were always between 
PL-1 and PL-3 residents, the second larg-
est mean difference was between PL-1 and 
PL-2 residents, and the smallest difference 
was between PL-2 and PL-3 residents.

DISCUSSION
Studies have compared the advantages and 
disadvantages of resident continuity clinics 
at different sites. Rice et al³ in Houston, 
Texas found that residents in a private 
practice setting saw more patients, more 
acute care patients, observed their precep-
tor more, and had less continuity and less 
well-child care than residents in an aca-
demic clinic. Osborn et al⁴ looked at the 
continuity experience at the University of 
Utah Health Sciences Center. Residents 
in a private community-based clinic saw 
more patients and more acute care, evalu-
ated a broader range of patient problems, 
and were more likely to observe and be 
observed by their preceptor.

This study used objective measures—the American Board 
of Pediatrics In-Training Exam and the American Board of 
Pediatrics Certifying Exam—and determined there was not a 
significant difference in knowledge between residents attending 
an academic center continuity clinic and those attending a com-
munity-based continuity clinic. The data presented show that, 
independent of continuity clinic location, the in-training exam 
scores could predict certification exam scores, and independent 
of location, in-training exam scores improved year to year.

The data show that in-training exam scores from residents that 
are closer to graduation, the time of certifying exams, are more 
predictive of the certification exam for the community-based phy-
sicians. Conversely, in-training exam scores earlier in residency 
training are more predictive of the certifying exams for academic 

center physicians. We are not sure why this is the case and this was 
not a focus of the study.

There are several limitations to our study. First, in-training 
exams are administered at the beginning of the residency year 
and might bias the data against finding a difference in the PL-1 
year. The lack of difference of scores in the PL-1 year does min-
imize potential selection bias by confirming that the baseline 
knowledge upon entry into the residency program was equiva-
lent for the residents participating in continuity clinics at the 2 
different locations. Second, this study design did not allow for 
the evaluation of responses to individual questions on either 
the in-training exam or the certification exam. Therefore, we 
could not evaluate potential specific differences in ambulatory 
pediatric knowledge, the knowledge that residents would be 

Table 3. Differences in Mean ABPITE Scores Related to Resident Year of Training

Practice N Resident Year Mean (SD) ∆ Cohen’s d P-value

 135 PL-1 159 (105) 123 1.1 .001
  PL-2 282 (110)

  PL-2 282 (110) 50 0.5 .001
  PL-3 332 (100)

  PL-1 159 (105) 173 1.7 .001
  PL-3 332 (100)

Academic Center 80 PL-1 158 (107) 117 1.1 .001
  PL-2 275 (121)

  PL-2 275 (121) 64 0.6 .001
  PL-3 339 (95)

  PL-1 158 (107) 181 1.8 .001
  PL-3 339 (95)

Community-Based 55 PL-1 161 (102) 132 1.3 .001
  PL-2 293 (92)

  PL-2 293 (92) 29 0.3 .001
  PL-3 322 (107)

  PL-1 161 (102) 161 1.5 .001
  PL-3 322 (107)

Abbreviation: ABPITE, American Board of Pediatrics In-Training Examination.

Academic Center
and Community-
Based Combined

Figure 1. ABPCE Pediatric Board Scores Across Year Split by Practice Location

Abbreviation: ABPCE, American Board of Pediatrics Certifying Examination.

  2002       2003        2004       2005        2006        2007        2008        2009         2010       2011 Average
across all 
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expected to obtain through participation in continuity clinic. 
Third, the design of our study did not control for the differ-
ences in elective experiences of the residents throughout their 
3 years of training and the possibility that ambulatory pedi-
atric knowledge may have been acquired on other rotations, 
eliminating any differences in knowledge that potentially are 
present between residents participating in continuity clinics at 
the different locations. All residents in the current study par-
ticipated in a core curriculum consisting of regularly scheduled 
educational conferences and discussions. All residents experi-
enced month-long block rotations at the same academic cen-
ter where some residents experienced their continuity clinic. 
Therefore, the considerable overlap in experience might also 
have mitigated potential differences in knowledge acquired 
through participation in continuity clinic. Fourth, this is a ret-
rospective study at a single residency program. The results may 
not be generalizable to other institutions. Finally, the scoring/
grading protocol changed after 2011. Our conclusions may be 
valid only for the time period of the study.

CONCLUSION
Many pediatric residency training programs utilize commu-
nity-based practices for continuity clinic sites with volunteer 
pediatricians as preceptors for residents at these sites. Studies 

in the past have shown subjective differences in the experience 
received in a private practice setting compared to the experience 
in an academic setting. This study shows that there appears to 
be no difference in objective outcomes as measured by scores 
on the American Board of Pediatrics In-Training Exam and 
the American Board of Pediatrics Certification Exam between 
residents participating in a community-based continuity clinic 
and those participating in an academic center continuity clinic. 
There does not appear to be a detrimental effect on residents 
participating in continuity clinics at different sites.
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BRIEF REPORT

direct the innovations recommended…”.3 
Solutions have been proposed, but leader-
ship training needs to be more than a mere 
online module for students to complete or a 
short course grounded in business pedagogy, 
because these programs have not been shown 
to be effective.4,5 Unfortunately, many health 
professionals do not receive leadership train-
ing until after they find themselves in a lead-
ership role in residency or beyond.6

The Student Leadership Development 
Initiative was founded on the principle that 
leadership is best learned through unstruc-
tured, personal relationships with exemplary 
physician leaders.7,8 This innovative model 
offers a novel format for these relationships 
to develop early in a student’s training.

METHODS
The Student Leadership Development Initiative brings students 
together with senior physician leaders from a broad cross-section of 
the health care industry and academic medicine. In each 60-minute 
session, a respected physician leader participates in a guided inter-
view format and discusses his or her career with 15 to 20 students. 
These sessions occur in the evening over dinner to avoid schedule 
conflicts. Prepared questions are aligned with the Medical Leadership 
Competency Framework to standardize evaluation of outcomes.2 
(See Box 1.) This ensures important leadership domains are covered, 
such as team development, mentor identification, and work/life bal-
ance. Time is set aside at the end of each session for students to ask 
questions personalized to their interests. Students choose the physi-
cian leaders from academic medicine, private industry, and govern-
ment. Student participants are recruited through their involvement 
in an educational pathway course at the medical school that focuses 
on health systems management and policy.

ABSTRACT

Introduction: Today’s medical students are tomorrow’s leaders. As leadership training becomes 
incorporated into undergraduate medical education, there is a need for validated educational 
models that are both effective and replicable.

Methods: Between April 2017 and October 2017, groups of 15 to 20 medical students partici-
pated in sessions with an exemplary physician leader incorporating a guided interview format 
and discussion about her or his career. Prepared questions ensured leadership domains were 
covered. The program was evaluated using a post-session survey.

Results: One hundred percent of survey respondents (N = 58) reported that the session was a 
good use of time. Seventy-eight percent felt more prepared to lead a team; 93% learned specific 
ways to improve their leadership skills.

Discussion: This leadership program is a unique model to provide leadership education to medi-
cal students that is both effective and replicable.

John M. Idso, BS; Zachary M. Helmen, BBA; William J. Hueston, MD; John R. Meurer, MD, MBA

INTRODUCTION
Today’s medical students are tomorrow’s leaders. As leadership 
training becomes increasingly incorporated into undergraduate 
medical education, there is a need for validated educational mod-
els that are both effective and replicable.1,2

The call for leadership training in undergraduate medical educa-
tion is not new. Nearly 20 years ago, the Committee on the Roles of 
Academic Health Centers in the 21st century recommended that aca-
demic health centers “…need to invest in programs and processes for 
identifying, preparing, and developing leaders who can generate and 
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The program was evaluated using Likert scale survey questions 
also guided by the Medical Leadership Competency Framework, 
as it has been suggested in prior research that a standardized model 
for assessment may lead to improved measurement of student 
competency and understanding of best practices.2,9 One or more 
questions were designed to measure the program’s alignment with 
each of the 5 Medical Leadership Competency Framework leader-
ship domains: setting direction, demonstrating personal qualities, 
working with others, managing services, and improving services. 

Additionally, a focus group of 10 regular attendees was orga-
nized in order to attain a big-picture understanding of the strengths 
and weaknesses of the program along with areas for improvement. 
See Box 2 for focus group questions. 

The Medical College of Wisconsin Human Research Review 
Board approved the evaluation protocol with anonymous responses 
as exempt. The program meals were funded by a grant from the 
Office of Academic Affairs at Medical College of Wisconsin.

RESULTS
Between April and October 2017, 4 physician leaders and 58 students 
participated in the leadership program. Fifty-eight student surveys 
were collected after the sessions. Of note, because the surveys were 
anonymous, it is likely that some individuals who attended multiple 
sessions filled out a survey at each session they attended. Forty-three 
(74%) respondents were men and 15 (26%) were women. Eighteen 
(31%), 22 (38%), and 18 (31%) respondents were first-, second-, 
and third-year medical students, respectively. 

Survey results are shown in the Table. One hundred percent 

of respondents said the session was valuable. Ninety-six percent 
agreed the session addressed the importance of qualities such as 
character and compassion in leadership; 94% had specific ways in 
which they wanted to improve their leadership after the session; 
and over 75% indicated they felt more competent to lead a team. 
Nearly half reported (41%) that the session affected their career 
path, while 100% had a better understanding of the career paths 
of physician leaders from medical school to leadership positions. 
Ninety-six percent agreed that they had a better understanding of 
careers in leadership available for physicians, and nearly all partici-
pants (95%) agreed that they had a better understanding of the 
necessary strategy to achieve their career goals.

With regard to practical leadership skills, over 90% had a bet-
ter understanding of how physicians build and motivate effective 
teams. Ninety-eight percent had better insight into how physicians 
cultivate innovation within their teams, as well as better under-
standing of how they effectively mentor employees and students. 
Finally, over half of all respondents (59%) had a better grasp of 
how physicians manage an institutional budget. 

Comments from students included, “Leadership in medicine 
extends well beyond the walls of the clinic,” “Find strong men-
tors and be a great follower,” and “Understanding the different 
personalities you are leading is important to being a good leader.” 

The focus group of 10 students indicated that the “size [of the 
group] was one of its greatest benefits.” They appreciated being able 
to directly ask questions of the leader and suggested more time to ask 
questions, but also thought the prepared questions were effective in 
guiding the conversation. They also indicated that the program could 
be improved by including more non-academic leaders and physician 
leaders early in their career. Students perceived that the program filled 
a mentorship gap present in medical education. One student said 
the program “set my sights higher.” Students believed it ignited their 
ambitions to pursue more leadership opportunities in the future.

DISCUSSION 
For leadership education to become available for all medical stu-
dents in Wisconsin and across the country, an effective, sustain-
able, and replicable model is needed. Though the need for leader-
ship training for medical students is widely recognized, there exists 
a critical gap in the existing literature of leadership development 
in medical education.1,3 This is the first US undergraduate medi-
cal education leadership program validated by a study that empha-
sizes replicability with effectiveness. 

The hypothesis of the Student Leadership Development Initiative 
was that if a small group of students met for discussions with a physi-
cian leader, it would provide leadership training tailored to each stu-
dent’s needs and to each leader’s experiences. One hundred percent 
of students surveyed thought the session was valuable. As medical 
school curricula become increasingly full, student perception of value 
is critical to the success of any program. The authors hypothesize that 

Box 1. Session Questions

Tell us the story of your career. How did you get to where you are today?
What has been a challenge in getting to where you are today? What has been 
a catalyst?
How have you balanced work and family?
Specifically, what opportunities should we seek out in medical school? 
Residency? Early career?
How did you learn to successfully lead a team to achieve a goal?
What is some advice for successfully mentoring employees or students?
What is some advice for cultivating innovation within your team?
How did you learn to manage an institutional budget?
Can you speak to the importance of character and compassion in leadership?

Box 2. Focus Group Questions

Abbreviation: SLDI, Student Leadership Development Initiative.

What aspects of the program are done well?
What aspects of the program could be improved?
How has SLDI augmented your medical education?
Has SLDI been a valuable use of your time?
Would you recommend this program to your classmates? Why or why not?
Do you feel more prepared for leadership than if you hadn’t participated in 
the program? How so?
How has SLDI affected your career plans?
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this outcome may be due to the program’s 
customizable design. Since the group of stu-
dents gathered at each session was small and 
unique, the speaker could tailor advice based 
on the group. At the beginning of each ses-
sion, each of the students stated their year 
in medical school and career interests so 
the speaker was familiar with the assembled 
group and was, therefore, able to provide 
leadership insight that was particularly rel-
evant to the group. The fluid curricular 
structure allowed each of the leaders to teach 
directly based on their own specific experi-
ences. In addition, the ability for students to 
ask questions personalized to their interests 
at the end of the session as an effective mode 
of education aligns well with previous studies.8 After many of the 
sessions, students who were interested in the speaker’s field person-
ally connected with the speaker. For these students, their leadership 
development was continued beyond the session itself. 

Limitations
One limitation of this leadership program model is that the lack of 
a formalized curriculum meant that certain leadership topics were 
not necessarily covered. We attempted to alleviate this by including 
questions in the discussion guide that corresponded to each of the 5 
Medical Leadership Competency Framework domains. The students 
who participated in the program were not randomly selected from the 
student population, which suggests the likelihood of volunteer bias. 
These self-selected students may have had more interest in developing 
leadership skills and, therefore, would find the sessions more ben-
eficial than students who elected not to participate in the program. 
Consequently, expanding this program to all students might not gen-
erate the same degree of enthusiasm reported by these students. 

A further limitation of this study is that the results are based on 
self-reported surveys, which can be biased by a subject’s inability 
to accurately assess his or her own leadership development. 

Next Steps
The next step for this program is to scale up the pilot to allow room 
for all medical students at our institution to participate and moni-
tor long-term outcomes of leadership effectiveness and positions. 
Our goal is for all medical students on campus to participate in at 
least 1 session during their undergraduate medical training and to 
facilitate students with particular interest to attend many sessions. 

CONCLUSION
The Student Leadership Development Initiative offers an effective 
model to provide leadership education to medical students that is 
both personalized and thorough. Its simplicity will allow it to be eas-

ily replicated by other medical schools interested in augmenting their 
students’ leadership curriculum. The authors’ hope is that other medi-
cal schools that currently lack a leadership program for their students 
due to a lack of human or financial resources will consider imple-
menting this effective, sustainable, and replicable program.

Funding/Support: Funding for meals during the sessions was provided by a grant 
from the Office of Academic Affairs at the Medical College of Wisconsin.

Financial Disclosures: None declared.

REFERENCES
1. Neeley S, Clyne B, Resnick-Ault D. The state of leadership education in US medical 
schools: results of a national survey. Med Educ Online. 2017;22(1):1301697. doi:10.1080/1
0872981.2017.1301697. 

2. Webb A, Tsipis N, McClellan T, et al. A first step toward understanding best practices 
in leadership training in undergraduate medical education: a systematic review. Acad 
Med. 2014;89(11):1563-1570. doi:10.1097/ACM.0000000000000502.

3. Institute of Medicine. Academic health centers: leading change in the 21st century. 
Acad Emerg Med. 2004;11(7):802-806. doi:10.1197/j.aem.2004.02.0074.

4. Smart K, Cappel J. Students’ perceptions of online learning: a comparative study. J 
Inf Technol Educ. 2006;5:201-219.

5. Cadieux D, Lingard L, Kwiatkowski D, Deven T, Bryant M, Tithecott G. Challenges in 
translation: lessons from using business pedagogy to teach leadership in undergraduate 
medicine. Teach Learn Med. 2017;29(2):207-215. doi:10.1080/10401334.2016.1237361.

6. Arroliga AC, Huber C, Myers JD, Dieckert JP, Wesson D. Leadership in health care 
for the 21st century: challenges and opportunities. Am J Med. 2014;127(3):246-249. 
doi:10.1016/j.amjmed.2013.11.004.7.

7. Arnold L, Cuddy P, Hathaway S, Quaintance J, Kanter S. Medical school factors that 
prepare students to become leaders in medicine. Acad Med. 2018;93(2):274-282. 
doi:10.1097/ACM.0000000000001937.

8. Till A, McKimm J, Swanwick T. Twelve tips for integrating leadership development 
into undergraduate medical education. Med Teach. 2017; Oct 26:1-7. Epub ahead of 
print. doi:10.1080/0142159X.2017.1392009.

9. NHS Institute for Innovation and Improvement and Academy of Medical Royal 
Colleges; 2010. Medical Leadership Competency Framework: Enhancing Engagement 
in Medical Leadership. 3rd ed. https://www.leadershipacademy.nhs.uk/wp-content/
uploads/2012/11/NHSLeadership-Leadership-Framework-Medical-Leadership-
Competency-Framework-3rd-ed.pdf. Published July 2010. Accessed March 27, 2019.

Table. Survey Results, N=58

Survey Questions n %

This session was valuable. 58 100%

This session displayed the importance of character in leadership. 56 96%

This session displayed the importance of compassion in leadership.  56 96%

After this session, I have specific ways in which I want to improve my leadership 
skills in medical school and residency. 54 93%

After this session, I feel more competent to lead a team in the future. 45 78%

This session affected my choice in career path.  24 42%

This session gave me a better understanding of:  

Career path/story of physician-leaders from medical school to their current position. 58 100%

How physicians develop the skills to effectively mentor employees and students.  57 98%

How physicians develop the skills to cultivate innovation within their teams.  57 98%

Career in leadership available for physicians. 56 97%

Strategy required to achieve my career goals. 55 95%

How physicians motivate others and build effective teams. 53 91%

How physicians develop the skills to manage an institutional budget. 34 59%
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penile, vaginal, vulvar, and head and neck 
cancers.2 HPV vaccines have been shown 
to be safe and effective through extensive 
safety testing done in clinical trials prior 
to their approval by the Food and Drug 
Administration. The 3-part vaccine series 
has been recommended for over 10 years 
in the United States, yet rates of vaccina-
tion continue to be low nationally and in 
Wisconsin. The 2015 Wisconsin vaccina-
tion rate for all adolescents (ages 13-18) 
was 44% for initiation of the HPV vac-
cine and 26% for completion of the HPV 
vaccine.3 The purpose of the Wisconsin 
Chapter of the American Academy of 
Pediatrics (WIAAP) HPV project was to 

address ways to increase HPV vaccination initiation in adoles-
cents ages 11 and 12 over a 3-month intervention period, uti-
lizing quality improvement methodology with an emphasis on 
strong provider recommendation.

METHODS
The WIAAP recruited pediatric practices to participate in this 
statewide initiative. Twenty-five pediatricians, most within 5 
major clinic sites, participated in this quality improvement 
Maintenance of Certification (MOC) project supported by a 
grant from the Centers for Disease Control and Prevention 
through the American Academy of Pediatrics (AAP). During 
the four 1-hour webinars conducted during this project, US 
and Wisconsin HPV vaccination rates were reviewed and 
quality improvement methodology was presented. The webi-
nars also highlighted evidence-based practice change ideas 
including information on how to communicate with parents 

ABSTRACT

Background: Human papillomavirus (HPV) is the most commonly sexually transmitted pathogen 
and has been implicated in several types of cancers, yet immunization rates have remained low.

Methods: Wisconsin pediatricians participated in a 3-month health care collaborative from April 
through June 2016.

Results: HPV vaccination initiation increased overall among all participating practices from 56.4% 
at baseline to 71.2% after the 3-month time period. In addition, Tdap and meningococcal vaccine 
rates increased in these practices as well.

Discussion/Conclusions: A statewide pediatric health care collaborative can make significant 
improvements in HPV vaccination rates in a relatively short period of time and also can directly 
improve rates of other adolescent vaccines.

Mala Mathur, MD, MPH; Sarah Campbell, MD

Statewide Pediatric Quality Improvement 
Collaborative for HPV Vaccine Initiation

BACKGROUND
Human papillomavirus (HPV) is the most common sexually trans-

mitted pathogen, and it is estimated that 79 million Americans are 

infected with HPV at any one time.1 Although the HPV infection 

may resolve on its own, some HPV infections can persist and lead 

to the development of cancer later in life, including cervical, anal, 

WMJ  •  APRIL 2019



VOLUME 118  •  NO. 1 279

regarding the HPV vaccine. The project lasted 3 months and 
involved 1 month of baseline data collection and 2 months of 
data collection after quality improvement interventions. For 
all 11- and 12-year-old patients who had an office visit during 
the data collection cycle, data was recorded on whether they 
received dose 1 of the HPV vaccination, the Tdap vaccine, 
and the meningococcal vaccine. We used chi-square analysis to 
determine whether the findings of our results were significant.

RESULTS
During our 2-month intervention, the HPV vaccination initia-
tion rates rose in participating practices from 56.4% to 71.2% 
(P<0.0001) (see Figure), which exceeds state and national aver-
ages for initiation of HPV vaccination rates. In addition, the 
Tdap initiation rates increased from 92.9% to 97.2%, and 
meningococcal vaccine rates increased from 89.7% to 92.8%. 
Although the primary focus of this project was on HPV initia-
tion, we also tracked Tdap and meningococcal vaccines as these 
3 vaccines form the platform of adolescent vaccinations. 

DISCUSSION
This project represents WIAAP’s first statewide quality improve-
ment project focusing on pediatric HPV immunization rates 
in Wisconsin. Several pediatricians working together within a 
practice may have contributed to the success of this project 
as it may have allowed for more robust practice changes. The 
increase in vaccination rates may have been due to the tech-
nical support in implementing evidence-based practices, such 
as making a strong provider recommendation, including the 
entire care team (nursing and rooming staff ) in promoting the 
HPV vaccine, and vaccinating at all office visits, not just dur-
ing the well-child check. In addition to increasing HPV vacci-
nation rates, the rates of Meningococcal vaccine and Tdap also 
rose, possibly due to the increased provider emphasis on the 
adolescent vaccination platform. 

CONCLUSION
A statewide learning collaborative can be a useful and produc-
tive way to improve the quality of care, and it is valued by 
the participants, particularly when maintenance of certification 
credit is awarded. It is a valuable opportunity to improve state-
wide vaccination rates and, in the future, could be expanded to 
include additional pediatric as well as family medicine practices 
throughout the state. 

Funding/Support: This research was funded by the Grant or Cooperative Agreement 
Number, 5 NH23IP000952, funded by the Centers for Disease Control and Prevention 
and awarded to the Wisconsin Chapter of the American Academy of Pediatrics. Its 
contents are solely the responsibility of the authors and do not necessarily represent 
the official views of the CDC or the Department of Health and Human Services. 
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Figure. Human Papillomavirus Vaccine Initiation Rates

Percent initiation for the 3 cycles of data collection. Cycle 1 is baseline data 
(April 2016) and Cycles 2 and 3 reflect rates after quality improvement cycles 
(May and June 2016, respectively).
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Line (FPL) (up to $12,140 per year for an 
individual in 2018), while offering subsi-
dized health plans through the Marketplace 
for people earning between 100% and 400% 
of FPL (between $12,140 and $48,560 per 
year for an individual in 2018).3 Despite this, 
according to US census data, the uninsured 
rate in 2017 was 6.4% in Wisconsin and 
13.2% in Milwaukee.4

To increase enrollment, Wisconsin 
allows individuals to apply for both 
Medicaid and Marketplace plans in per-
son, by mail, over the phone, and online. 
Moreover, the US Department of Health 
and Human Services awarded close to 
$300,000 to federally qualified health 

centers in Milwaukee in 2014 to assist with outreach and 
enrollment under the ACA, and the Centers for Medicare & 
Medicaid Services awarded $1.3 million in grants to Navigator 
organizations during the 2015-2016 open enrollment period for 
Wisconsin.5,6 While the uninsured rate has dropped from 9.1% 
in 2013 to 6.4% in 2017, it is not known why some individuals 
remain uninsured despite these efforts. 

Thus, the goal of this project is to characterize this remaining 
uninsured population by understanding their eligibility status 
and reasons for being uninsured. Though this is a pilot study 
with a nonrepresentative sample of the uninsured, results from 
this study can provide an additional resource to shape local pol-
icy and outreach to the uninsured population, in addition to 
groundwork for future studies.

METHODS
Surveys were conducted at the Outreach Community Health 
Center (OCHC) in Milwaukee, a community center that pro-
vides low-cost to no-cost primary care to the uninsured, in addi-

ABSTRACT

Background: Wisconsin currently has a 6.4% uninsured rate. In Milwaukee, it is not known what proportion 
of the currently uninsured may be eligible for health insurance and why those eligible have not enrolled.

Methods: Anonymous surveys were distributed at a free/low-cost health clinic in Milwaukee to ask 
their attendees why they remain uninsured. 

Results: Fifty-one percent of respondents cited insurance being “too expensive” as the primary 
reason for lacking health insurance. Additionally, 56% of respondents appeared to misunderstand 
their Medicaid eligibility, while 69% appeared to misunderstand their Affordable Care Act (ACA) 
Marketplace eligibility. 

Discussion: A majority of respondents misunderstood their eligibility for ACA subsidies, indicating 
that additional efforts are needed to educate uninsured Milwaukee residents to maximize health 
insurance coverage. 

Drumil Bhatt, BS; Ken Schellhase, MD, MPH

Barriers to Enrollment for the Uninsured: A Single-Site 
Survey at an Urban Free Clinic in Milwaukee

INTRODUCTION 
In 2017, although the United States had one of the lowest rates of 
uninsured in over 50 years, there were still close to 29.3 million 
people who remained uninsured.1,2 The Affordable Care Act (ACA) 
aimed to reduce the uninsured rate by expanding Medicaid eligibil-
ity and offering subsidies to make premiums and cost-sharing more 
affordable for commercial health insurance purchased through the 
ACA Marketplace. Wisconsin did not participate in the full Medicaid 
expansion under the ACA, but did expand Medicaid eligibility for 
individuals and families making up to 100% of the Federal Poverty 
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choice. All responses were self-reported 
and each question was optional, thus, 
there is a different number of responses 
for each question. Data entry was per-
formed by the primary author. 

Institutional Review Board approval 
was obtained by the Medical College of 
Wisconsin Institutional Review Board #5 
for study ID PRO00027333. 

RESULTS
Demographics
Results were tabulated to include age, 
sex, ethnicity, family size, and eligibil-
ity (Table). Eligibility for Medicaid vs 
Marketplace plans was based on respon-
dents’ self-reported income and family 
size, which was compared to the eligi-
bility charts on the ACA’s official web-
site. Of note, the majority (61%) of the 
respondents were above 100% of the 
FPL and would have some out-of-pocket 
expense to purchase plans through the 
Marketplace. 

Modes of Applying for Coverage
Respondents were asked if they planned 
to obtain health insurance and, if so, what 
modality they were going to use to apply 
for coverage. Most respondents (68%, 
n = 96) looked for coverage in 2017-2018 
and the most popular mode of applying 
for coverage was online (34%). 

Employer-Sponsored Insurance
Sixty-seven percent of respondents said 
they were employed. Of these employed, 
71% qualified for Marketplace plans 

while 29% qualified for Medicaid plans. Regarding access to 
employer-sponsored insurance, 50% of individuals were not 
offered insurance through their employer while 21% were 
offered insurance but said it was too expensive. 

Reasons for Being Uninsured 
Respondents were asked, in a free text format, why they remain unin-
sured. Responses were then transcribed into displayed categorical 
responses by study staff (Figure). Most individuals (41/80 responses, 
52%) cited insurance being “too expensive.” Other answers included 
being unemployed or ineligible for insurance. There were also logisti-
cal reasons cited, such as having a waiting period before an employer 
could offer insurance or being recently uninsured due to expiration of 
benefits from relocating or having a new job. 

tion to social services and case management. During these case 
management appointments, staff solicited interest from clients 
to participate in the study. Surveys were presented in paper form 
and English only. (Survey can be found at https://www.wis-
consinmedicalsociety.org/_WMS/publications/wmj/pdf/118/1/
Appendix-Bhatt.pdf ). They were presented as voluntary and 
anonymous, and no incentives were offered. In case respondents 
had questions, the project purpose, details, and contact infor-
mation were included in an informational letter that accompa-
nied the survey. OCHC staff disseminated the surveys but were 
not part of the research team and did not record the number of 
surveys offered; therefore, no response rate was calculated. The 
questions consisted of a combination of free text and multiple 

Figure. Reasons Identified for Being Uninsured, N=80

Free text responses to the question, “Please state in your own words why you are uninsured” were transcribed 
into displayed categorical responses by study staff.

Table. Survey Respondent Demographics

Demographic Total

Age in years  19-25  26-34 35-44 45-64
 100 15 (15%) 25 (25%) 20 (20%) 40 (40%)

Sex  Male Female
 80 44 (55%) 36 (45%)

Ethnicity  Caucasian African American Hispanic  Asian Other
 98 31 (32%) 59 (60%) 5 (5%) 1 (1%) 2 (2%)

Family size  1 2 3 4
 90 71 (79%) 9 (10%) 5 (6%) 5 (6%)

Eligibility*  Medicaid Eligible Marketplace Eligible
 77 30 (39%) 47 (61%)

*Medicaid and Marketplace eligibility were not self-reported by respondents but calculated by the authors 
based on self-reported income in comparison to the most recently defined poverty levels.
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Knowledge of Eligibility 
Respondents also were asked whether they know if they are eli-
gible for Medicaid with response options of “Yes,” “No,” and “I 
don’t know.” Of the 72 individuals who self-reported an income 
and answered this question, 55.5% responded “I don’t know” or 
answered incorrectly about their Medicaid eligibility. The same 
question was posed for respondents about Marketplace eligibility. 
Of the 73 individuals who self-reported an income and answered 
this question, 68.5% responded either “I don’t know” or answered 
incorrectly about their Marketplace eligibility. 

DISCUSSION
In terms of knowledge of benefits and eligibility, the majority of 
respondents (55.5% for Medicaid, 68.5% for Marketplace) had 
some misunderstanding or misinformation about their eligibil-
ity. Thus, many respondents may not be taking full advantage of 
the benefits available to them. These findings are consistent with 
national surveys done by Kaiser of over 1,200 respondents that 
showed how many individuals had some misunderstanding of the 
ACA and its benefits and requirements.7,8 Therefore, it appears 
that additional education and outreach must be part of efforts to 
improve uninsured rates. 

While misinformation or misunderstanding may explain why 
some individuals do not sign up for insurance, it is important to 
note that most respondents (61%) appeared to be Marketplace 
eligible and would have some premium, copay, and/or deductible 
associated with their insurance plans. Thus, while an individual’s 
premium varies based on numerous particulars, it is not surpris-
ing that many respondents cite insurance being too expensive as 
the primary reason they lack insurance. These individuals may be 
aware of benefits available to them but may have chosen to visit a 
free clinic instead. 

Conversely, 39% of respondents qualify for Medicaid/Badgercare 
insurance, which involves minimal, if any, out-of-pocket expense. 
In addition to future research that explores why this cohort may 
remain uninsured despite financial assistance, more efforts need to 
be made to sign up this population for insurance. 

This pilot study suggests that respondents may misunder-
stand the programs available to them and their costs and ben-
efits, which is consistent with results from national surveys.1,9 
However, it is important to note that due to the limitations 
of this study, these findings may not be generalizable. Since 
this study was done at a single site with a voluntary, English-
speaking population only, variables such as response rate, 
immigration status, and other barriers to enrollment, such as 
language, were not studied. Moreover, the respondent demo-
graphics are not generalizable to Milwaukee’s entire unin-
sured population. Future studies must include sites at other 
locations to represent a different demographic and should 
include surveys transcribed in Spanish and Hmong to access 
significant portions of the non-English speaking popula-

tion. Furthermore, studies could expand on the qualitative 
data shown in the Figure. For instance, surveys could explore 
the cost of a Marketplace premium in comparison to a slid-
ing scale fee at a community health center. Respondents also 
could be surveyed before and after an educational session on 
Marketplace and Medicaid plans to assess the impact of these 
types of sessions on health care literacy. 

CONCLUSIONS
Cost appears to remain the biggest barrier to obtaining insurance, 
especially since a majority of survey respondents were Marketplace 
eligible and would have some out-of-pocket expense associated 
with their health care plans. However, it is unknown whether 
those eligible for Marketplace insurance have an accurate under-
standing of their actual out-of-pocket costs. Efforts need to be 
made to increase health care literacy, targeted at both Medicaid- 
and Marketplace-eligible individuals, to reduce uninsured rates 
and inform consumers about their eligibilities and benefits. Future 
studies can focus on the impact of education on health care lit-
eracy and how that education can help decrease uninsured rates.
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had a bruise on her right chest and back. 
She was otherwise well and had a normal 
examination. She was sent home without 
intervention and did well that night. The 
next day, she was again in the care of her 
nanny, who reported more vomiting to the 
parents. The family tried oral rehydration 
solutions that night without significant 
improvement.

On the day of admission, the infant was 
taken to the primary physician and was 
noted to have a bulging fontanel. She was 
transferred to the Emergency Department 
where computed tomographic scan 
revealed a large left subdural hematoma 
with a significant left to right shift and 
early evidence of herniation. She was then 

transferred to the referral center where she had an emergent burr 
hole placed and evacuation of the subdural hematoma.Parents did 
not relate any history of falls, motor vehicle collisions, or other 
trauma. They had no history to account for the bruises or the 
subdural hematoma.

The patient was born at term in a hospital and received vitamin 
K after birth. She had been breastfed exclusively, and her mother 
reported that they had not been giving her multivitamin drops. 

Family history initially was negative. A more detailed history 
later revealed that the infant’s maternal uncle required vitamin K 
for treatment and that her father was a cystic fibrosis (CF) carrier. 
The mother was not a CF carrier.

Based on the patient’s presentation with a large, surgical sub-
dural hematoma and bruising without a historical explanation, 
nonaccidental trauma was considered in the differential diagno-
sis. A skeletal survey showed no fractures or bony abnormalities, 
and an ophthalmologic examination was normal without retinal 
hemorrhages. Law enforcement and child protective services were 
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CASE REPORT

Suzanne Haney, MD; James Harper, MD; Edward Truemper, MD

Progressive Familial Intrahepatic Cholestasis Presenting 
With an Intracranial Bleed and Mimicking Abusive 
Head Trauma

CASE REPORT
A 4-month-old infant was admitted with concerns for altered 
mental status. Her parents related that 3 days prior to admission, 
they had been contacted at work by their in-home nanny. The 
nanny reported that the infant had vomited. The infant’s mother 
contacted the primary physician and was given instructions on 
home care. The next day, the infant was seen by the primary phy-
sician for a sick visit and, at that time, it was noted that the patient 

ABSTRACT

Introduction: Abusive head trauma is a serious, often fatal condition; early identification is impor-
tant to prevent repeat episodes and/or injuries to siblings. This case emphasizes the importance 
of a thorough workup in cases of suspected abusive head trauma.

Case Presentation: A 4-month-old infant was found to have a severe subdural hematoma requir-
ing surgical evacuation. Initially, abusive head trauma was considered as a diagnosis. Testing 
revealed vitamin K deficiency bleeding (VKDB) despite prophylactic vitamin K administration at 
birth. The infant eventually was diagnosed with progressive familial Iintrahepatic cholestasis type 
2 (PFIC2).

Discussion: Although VKDB is a known cause of infantile intracranial hemorrhage, PFIC has not 
been previously reported to cause severe VKDB resulting in an intracranial hemorrhage. 

Conclusion: Our case illustrates the importance of a comprehensive systematic approach to in-
vestigate causes other than abusive head injury when intracranial bleeding is a significant finding.
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contacted because of the concern for nonaccidental trauma. They 
interviewed the family and the caregiver and found no further his-
tory to account for the injuries.

Coagulation studies performed in the operating room revealed 
a prothrombin test of >100, an international normalized ratio of 
>10, and a partial thromboplastin time of 74.7. Although this 
testing was performed as part of a routine evaluation for intracra-
nial bleeding, the results were delayed due to multiple transfers 
of care and emergent neurosurgical intervention. Upon further 
testing, the patient also was found to have very low activity of all 
vitamin K dependent factors (II, Vii, IX, and X). Vitamin K levels 
were 0.04 ng/mL (normal 0.1-2.20) and protein induced by vita-
min K absence-II (PIVKA-II) level was >36,20 ng/mL (normal 
< 6.3 ng/mL). She also was found to have mildly elevated total 
bilirubin of 2.4 mg/dL (normal <2.0 mg/dL) that remained ele-
vated throughout her hospital stay. Her aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) were initially normal, 
but her AST later ranged from 53 to 90 during the last days of her 
hospitalization (normal 15-41 U/L). 

Based on her lab values, the patient was diagnosed with vita-
min K deficiency bleeding (VKDB). Authorities were immedi-
ately informed as to her diagnosis and, given that there were no 
other concerns, they closed their investigations. 

The patient was treated with intravenous vitamin K with 
improvement of her vitamin K level to 5.23 ng/mL. She recovered 
well from her surgery and appeared normal neurologically. She was 
discharged home after 8 days with oral vitamin K supplementation 
(2.5 mg of phytonadione/day) for 7 days. Eight days after stop-
ping the oral vitamin K, her vitamin K level had dropped to 0.27 
ng/mL. In addition, her AST and ALT were found to be mildly 
elevated at 108 U/L and 63 U/L, respectively (normal AST 15-41 
U/L, ALT 14-54 U/L). This pattern prompted a more detailed 
workup of her cholestasis. Genetic testing revealed that she was 
heterozygous for a mutation in ABCB11, which is most associated 
with progressive familial intrahepatic cholestasis type 2 (PFIC2).

DISCUSSION
Late onset VKDB is a well-known, albeit rare condition where 
children will frequently present with intracranial bleeding.1,2 This 
condition has become more rare since the use of newborn intra-
muscular vitamin K. Most cases reported now are when an infant 
does not receive vitamin K at birth or as a result of a malabsorptive 
condition from cholestasis.2 

Common causes of cholestasis in an infant include biliary atre-
sia, CF, and alpha-1-antitrypsin deficiency.3,4 These cases are more 
likely to present with VKDB when the mother is breastfeeding, and 
there have been multiple reports of these cases either presenting 
with or being complicated by intracranial bleeding from VKDB. 

Progressive familial intrahepatic cholestasis is a rare autosomal 
recessive condition; its incidence varies from 1/50,000 to 1/100,000 
births.5 There are 3 types of PFIC, all which result in hepatocellular 
cholestasis. They typically present in infancy with jaundice, pruritus, 
and other symptoms of cholestasis. Children with PFIC2 will com-
monly progress to liver failure in the first few years of life. PFIC2 has 

not previously been reported to present with vitamin K deficiency 
and a subdural bleed.

In this case, the combination of strict breastfeeding without vita-
min supplementation and cholestasis from PFIC2 most likely con-
tributed to her presentation with late-onset VKDB. Nonaccidental 
trauma was clearly considered in the differential and is one of the 
most common causes of subdural bleeding and unexplained bruis-
ing in this age group.6 A recent clinical prediction rule would have 
placed this child in the high risk category,7 but there were other 
aspects in this case that pointed away from a diagnosis of abu-
sive head trauma. Retinal hemorrhages were not present in this 
case; and while retinal hemorrhages are not diagnostic for abuse, 
they are highly associated with abusive injury. In addition, the 
hematoma was unilateral and there was no significant brain injury 
noted. Bilateral subdural hematomas with deep brain injury are 
more likely to be seen in abusive head trauma.

Late onset VKDB previously has been mistaken for child abuse, 
but this is a rare occurrence and the search for a medical condition 
should not supersede a workup for suspected abuse.8 The American 
Academy of Pediatrics has clear recommendations on how a bleed-
ing disorder can be evaluated in cases of suspected abuse, which 
were followed with this patient.9 In this case, the family was briefly 
interviewed by authorities who, with appropriate communication 
from the medical team, quickly closed their case when it was deter-
mined that a medical condition caused this infant’s presentation.
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the presentation of renal cell carcinoma as  
pleural effusion is uncommon and little 
is reported in the literature. Metastasis to 
the pleura, along with pleural effusion, is 
a late event in the course of malignancy.1

Renal cell carcinoma may spread by 
direct invasion, lymphogenous spread, or 
direct hematonegenous dissemination.1 
The exact mechanism of pleural metasta-
ses or the development of pleural effusion 
is not known; however, the mechanism is 
thought to be via lymphatics or through 
vertical plexus of veins.1

Expected 5-year survival of a person 
with renal cell carcinoma in Stage I is as 
high as 95%.1 However, patients who 

develop metastatic disease have a 5-year survival rate of only 29% 
to 54%, if metastases are resectable.1

Renal cancers have been called “the internist’s tumor” and 
are among the great mimics in medicine because they present 
with systemic symptoms unrelated to the kidney cancer, such 
as hypertension (secondary to elevated renin levels),2 hypercal-
cemia (PTHrP), polycythemia (erythropoietin), eosinophilia, 
leukemoid reactions, Cushing’s syndrome (ACTH), fever or 
wasting syndromes, and Stauffer’s syndrome (reversible hepatic 
dysfunction after primary tumor removal).2

CASE PRESENTATION 
A 35-year-old man with recently diagnosed hypertension pre-
sented to our Emergency Department with the symptoms of fever, 
cough, chills, chest pain, and shortness of breath worsening with 
any position except when leaning forward. He was last observed 
to be asymptomatic 4 weeks prior. Hypertension was diagnosed 
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CASE REPORT

Renal Cell Carcinoma Presenting as Pleural Effusion
Abeer Arain, MD, MPH; Mahesh Swaminathan, MD; James Kumar, MD, MS, FACP

INTRODUCTION
There are several systemic and pulmonary disorders that can lead 
to pleural effusion. Pleural effusion can also develop secondary to 
underlying malignancy of solid organs such as breast and lung.1 
The involvement of pleura in renal cell carcinoma is not very 
common; it has been reported in about 12% of the autopsies of 
patients with metastatic renal cell carcinoma, even though the 
lung is one of the most common sites of metastasis.1 However, 

ABSTRACT

Renal cell carcinoma is well-known for its propensity to present in unusual ways, and renal cell car-
cinoma presenting as pleural effusion is extremely rare. Pleural effusion secondary to renal cell car-
cinoma constitutes only about 1% to 2% of all malignant pleural effusions. We report the case of a 
34-year-old man with no significant past medical or surgical history who presented in the Emergency 
Department with dyspnea. Chest x-ray demonstrated right-sided pleural effusion; computed tomog-
raphy (CT) reported right-sided effusion in the pleura with suspicious mass in the upper border of left 
kidney. CT-guided pleural tap was performed and cytology was positive for vimentin and common acute 
lymphocytic leukemia antigen (CD10), leading to the diagnosis of primary renal cell carcinoma present-
ing as unilateral pleural effusion. While lungs are the common site of metastasis, the presentation of 
renal cell carcinoma as pleural effusion or pleural metastasis without lung involvement is rare.
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about 3 months prior at the primary care clinic. He had no signifi-
cant past medical, surgical, or family history. There was no history 
of cigarette smoking or use of alcohol or illicit drugs.

The patient described a 4-week history of progressively worsen-
ing right-sided chest discomfort, along with shortness of breath and 
some productive cough with yellowish sputum. He denied having 
any pulmonary symptoms, and did not complain of any headache, 
dizziness, lightheadedness, chest or abdominal pain, bowel or blad-
der symptoms, loss of consciousness, or recent trauma.

On physical examination, he was febrile and toxic looking, 
with low grade fever of 99.2º F and tachycardia. Chest examina-
tion revealed dullness of right-sided chest wall upon percussion 
and reduced breath sounds at the right lung base on auscultation, 
negative for rales or wheezing. Complete blood count, compre-
hensive metabolic panel, and prothrombin time/international 
normalized ratio were all unremarkable. Chest X-ray reported 
subpulmonic pleural effusion with mild atelectasis of the right 
lung and elevation of right hemidiaphragm. At this point, several 
differentials were taken into consideration, including infectious 
etiology (parapneumonic effusion, empyema), trauma (chylo-
thorax), and possible underlying malignancy (lymphoma, bron-
chogenic carcinoma). 

Computed tomographic (CT) scan of the chest showed right-
sided pleural effusion with generalized thickening of right pleu-
ral reflections, along with atelectasis of the right middle lobe and 
right lower lobe. Interestingly, a complex cystic mass on the upper 
pole of left kidney was found on the last slice of chest CT, measur-
ing 7.9 x 7.0 cm in size (Figure 1). 

The patient’s initial clinical presentation was highly suspicious 
of an underlying infection, and he was admitted to the hospital. 
Initial management was started with empirical intravenous anti-
biotics. However, the chest CT reporting large pleural effusion 
and suspicious cystic renal mass guided attention towards malig-
nancy (Figure 2). The patient underwent diagnostic thoracente-
sis, and about 2,800 ml of serosanguinous fluid was removed. 
Pleural fluid pathology reported reactive-appearing mesothelial 
cells. These atypical cells were checked for multiple tumor mark-
ers and were found positive for Vimentin and CD10, raising 
the suspicion of renal cell carcinoma. CT abdomen and pelvis 
showed a separate mass on the upper pole of left kidney with 
negative lymph nodes, leading to the diagnosis of stage IV renal 
cell carcinoma (T2a, N0, M1). The patient’s recently diagnosed 
hypertension may also have been related to the underlying renal 
cell carcinoma not picked up earlier. 

Cancer management was started with surgical removal of the 
tumor, leading to left-sided nephrectomy with negative margins. 
Most patients with advanced renal cell carcinoma (metastatic) 
are treated with molecular targeted therapies, including agents 
directed at the molecular target of rapamycin (mTOR) pathway 
(temsirolimus) or vascular endothelial growth factor receptor 
inhibitors (sunitinib, bevacizumab).3

After the surgical treatment, chemotherapy options were discussed 
with the patient. He refused high-dose interleukin-2 therapy due to 
side-effect profile but agreed on temsirolimus. He showed minimum 
response to the treatment regimen and continued to develop recur-
rent right-sided pleural effusions managed by right thoracoscopy. 
Pleural biopsy proved parietal pleura neoplasm consistent with renal 
cell carcinoma. Chemical pleurodesis was later done for the recur-
rent pleural effusions. High-dose interleukin-2 therapy was started, 
but the tumor showed increased growth after 2 rounds of interleu-
kin-2 therapy. Axitinib, a tyrosine kinase inhibitor, was started. The 
tumor advanced rapidly, and CT chest reported extensive intratho-
racic neoplasm, with massive extrathoracic tumor extending around 
the posterior thorax. Radiation therapy was given to the chest wall. 
Unfortunately, the patient’s health deteriorated and he expired few 
days later.

Figure 2. Computed Tomographic Scan of Chest Showing Right-Side Pleural 
Effusion Along With Generalized Thickening of Right Pleural Reflections

Figure 1. Complex Cystic Mass on the Upper Pole of Left Kidney, Measuring 7.9 
x 7.0 cm
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DISCUSSION 
While lung is the most common metastatic site for renal cell 
carcinoma, metastasis solely to the pleura without the involve-
ment of lung parenchyma is very rare.2 There are only few 
(about 4-5) case reports published to date that document the 
pleural metastasis as initial presentation of renal cell carci-
noma. Most of these cases have been reported from Europe and 
Japan. A study by Ohnishi et al, documents a case of a 66-year-
old man who presented with dyspnea and was found to have 
multiple mesothelioma-like pleural masses along with effusion 
in the left pleural space.4 There were no pulmonary lesions.4 
Tumor markers from pleural effusion came back positive for 
cytokeratinin-19. Abdominal CT reported renal cell carcinoma 
mass in right kidney. The patient was treated with pleurodesis 
and right-sided nephrectomy. Pleural lesions showed dramatic 
improvement after nephrectomy.4 Our case, however, differs in 
terms of resolution of the pleural tumors. Although our patient 
remained adherent to the treatment course and tolerated his 
treatment well, he did not show any response to chemotherapy, 
immunotherapy, or pleurodesis. Other case reports by Taylor et 
al,5 Kataoka et al,6 and Chow and Eckhardt,7 have reported the 
case of metastatic renal cell carcinoma with similar presenta-
tion, that of worsening dyspnea and fatigue. 

Renal cell carcinoma accounts for 90% to 95% of malig-
nant neoplasms arising from the kidney.2 The classic triad of 
hematuria, abdominal pain, and a palpable mass is present in 
≤10% of cases.2,4,8 While the lungs are the most common sites 
of metastasis, the presentation of renal cell carcinoma as pleural 
effusion is very rare. Pleural effusion secondary to renal cell car-
cinoma constitutes only 1% to 2% of all the malignant pleural 
effusions.6 In most of the cases, pleural effusion is found in the 
diagnosed cases of renal cell carcinoma.5 Our case, however, 
is unique because pleural effusion was the initial presentation 
of the renal cell carcinoma. Other uncommon presentations 
include cutaneous metastases in the form of scalp skin nodules, 
demyelinating neuropathy, numb-chin syndrome, and panhy-
popituitarism.9

Renal cell carcinoma often metastasizes to lung parenchyma. 
Pleural metastases have been described but are commonly 
secondary to underlying pulmonary metastases. One study 
reported about 12% of 1,451 patients with renal carcinoma 
had pleural metastases at autopsy, but no single patient had 
isolated pleural metastasis.6,10

CONCLUSIONS
The presentation of renal cell carcinoma as pleural effusion and 
isolated pleural metastasis without the involvement of lung paren-
chyma is very rare. It is important to keep the differentials broad 
in patients with unilateral pleural effusion. Newly diagnosed 

hypertension in younger patients also requires closer follow-up and 
thorough workup to elucidate the cause of elevated blood pressure. 
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