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Impact of a Quality Improvement Initiative on Increasing Height
Measurement Among Children with Medical Complexity
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ABSTRACT

BACKGROUND: This quality improvement project aimed
to increase the rate of height measurement among chil-
dren with medical complexity (CMC) seen for well-child
visits.

METHODS: Three interventions were implemented over
17 months. Retrospective chart review of well-child visits
for patients 35 months through 18.5 years was conducted
for children with medical complexity. Height measure-
ment rates were analyzed across intervention phases.

RESULTS: Overall rate of height measurement was
81.1% for children with medical complexity. From start
to finish, rate of height measurement for CMC increased
- 63.6% to 100.0% (P=0.006).

CONCLUSION: Quality improvement methodology in-
creased height measurement rates at well-child visits
amongst children with medical complexity. This ap-
proach can be utilized to address health care inequities
among individuals with medical complexity.

KEYWORDS: children with medical complexity; quality
improvement; height measurement

INTRODUCTION

Background

Height measurement is a standard method for tracking the
growth, development, and nutritional status of children.'?
The American Academy of Pediatrics (AAP) recommends
annual height measurement of children over the age of three
at preventative health appointments known as well-child
checks or visits (WCC).* Height is typically measured by a
medical assistant, certified nursing assistant, or nurse using
a stadiometer (a measuring stick with a blade that adjusts to
rest atop a patient’s head) which requires a patient be able to
assume a straight-legged standing posture.

Among children with medical complexity (CMC) this pos-
ture is often unattainable. Children with medical complexity
are individuals under the age of 18 who have chronic health
conditions and/or disabilities leading to medical fragility,
significant health care use, and functional limitations.>”
They are at increased risk of malnutrition and stunting, and
require close surveillance of growth and development.®'°
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Alternative validated methods of growth measurement for
CMC include upper-arm length, tibial length, and knee
height.'"'> Measurement of knee height — the distance from
a patient’s anterior thigh to their heel — with a knee height
caliper (KHC) is the most reliable method and measure-
ments can be converted to standing heights using validated
calculations.!"3

Specific Aims

Approximately 100 children with medical complexity
receive primary care and complex care coordination through
the complex care center at the Hasbro Primary Care Clinic
(Primary Care Clinic) — an academic medical center based
clinic. This program has a dedicated physician and nurse
case manager but operates out of the Primary Care Clinic
and utilizes their space, equipment, medical assistants, and
nursing staff. Children with and without medical complex-
ity receive height measurement from Primary Care Clin-
ic-based medical assistants or nurses at the start of their
well-child visits. Children with medical complexity were
noted to be receiving height measurement at approximately
40% fewer well-child visits than their peers without medical
complexity. This quality improvement (QI) project sought
to improve adherence to AAP guidelines and equity in care
of children with medical complexity, by increasing the rate
at which CMC receive height measurement during well-
child visits. The Specific, Measurable, Applicable, Realistic,
and Timely aim (SMART aim) was to achieve 100% height
measurement amongst CMC within 12 months of the first
intervention.

METHODS

A two-person team — the complex care center physician and
a medical student - conducted this Institutional Review
Board-approved project. Specific interventions were decided
upon following informal conversations with Primary Care
Clinic staff, as well as a nurse practitioner and two med-
ical assistants at the interdisciplinary Spina Bifida Clinic
where KHC use had been previously integrated. Key chal-
lenges to height measurement amongst CMC were identi-
fied as access to a knee height caliper (which was shared
with the Gastrointestinal Clinic down the hall), uncertainty
regarding use of the KHC and corresponding standing height
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conversion calculations, and
time needed to calculate stand-

ing heights from knee heights. by intervention phase.
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Table 1. Participant demographics by intervention period
Characteristics of the study sample of 90 well-child visit patients seen at the Complex Care Clinic compared

Three phases of targeted inter-

. P . lg ! d Post 1st Post 2nd Post 3rd Full Study
ventions were implemented to Intervention | Intervention | Intervention | Intervention | P-value Period
address these challenges. Inter- (n=33) (n=15) (n=31) (n=11) (n=90)
vention success was me.asu.red Age: Mean
by retrospectively reviewing (standard deviation) | 9.6 (4.5) 8.8 (5.1) 98(4.7) | 10155 | 090 | 9.6.7)
electronic medl.cal recotds from Male sex: Number
the WCCs of children with med- | (%) 17(15) | 8(33) | 150484 | 3(@73) | 054 | 43(47.8)
ical cgmplemty over 17 mont.hs Preferred language:
spanning from four months prior Number (%)
to the first intervention through English 24 (72.7) 11(73.3) 24 (77.4) 5 (45.5) 0.28 | 64 (71.1)
the two months following the Spanish 8(24.2) 2(13.3) 6 (19.4) 5 (45.5) 21(23.3)
third and final intervention. Up Other 1(3.0) 2(13.3) 1(3.2) 1(9.1) 5 (5.6)
to 10 well-child visits of chil- -

d 35 months through Ambulates with an

ren - ages - ug assistive device:

18.5 years were included from Number (%) 23(697) | 10(667) | 19(613) | 8(727) | 089 | 60(66.7)
.each month. Data was grouped e
into four phases; pre-Interven- medical technology:
tion — the four months prior to Number (%) 12 (36.4) 6 (40.0) 15 (48.4) 5 (45.5) 0.82 | 38(42.2)
implementing any intervention, * P<0.05

post 1st Intervention — the four

months following implementation of Intervention 1, post
2nd Intervention — the four months following implementa-
tion of Intervention 2, and post 3rd Intervention — the two
months following implementation of Intervention 3. Data
included patient demographic variables, ambulatory status,
technology dependence, height, and mechanism of height
measurement. Data were stored in REDCap.'

Intervention 1

A KHC was purchased for complex care center patients and
placed in the Primary Care Clinic. Staff were shown the
KHC'’s location.

Intervention 2

The study team held a 20-minute training session during a
Primary Care Clinic Friday morning huddle. Approximately
seven staff members attended including nurses, medical
assistants, the complex care nurse case manager, and the
Primary Care Clinic manager. The session reviewed proper
KHC use and calculation of standing heights from knee
heights. A flyer detailing KHC use and height conversion
calculation was distributed. The complex care physician
additionally began noting requests for KHC measurements
on the daily clinic schedule.

Intervention 3

An automatic knee height to standing height conversion
tool was added to the clinic’s electronic health record-based
vitals flowsheet. This eliminated the need for staff to inde-
pendently calculate standing height in order to use patient
growth charts and measure body mass index.
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Data Analysis

Patient demographics were analyzed using analysis of vari-
ance and Fisher’s exact test. Height measurement rates
were compared across all four intervention phases. Months
during which an intervention took place (3 months total)
were omitted from analysis. Stata SE version 17.0 (College
Station, TX) was used for statistical analyses; P<0.05 was
considered statistically significant.'

RESULTS

This study included 90 patient visits — 33 pre-Intervention,
15 post 1st Intervention, 31 post 2nd Intervention, and 11
post 3rd Intervention. The mean age of patients was 9.6
years (SD=4.7), 47.8% were male, 71.1% had a preferred lan-
guage of English, 66.7% ambulated with an assistive device
(walker, cane, wheelchair, and/or braces), and 42.2% were
dependent on medical technology (tracheostomy tube, ven-
tilator, gastrostomy tube, and/or jejunostomy tube) (Table 1).
Patient demographics varied across the intervention phases,
however there were no statistically significant differences
(Table 1).

Over the study duration, CMC received height measure-
ments at 81.1% of WCCs. Rate of height measurement
increased over the four intervention phases from 63.6%
pre-Intervention to 100.0% post 3rd Intervention (P=0.006)
(Figure 1). The largest improvement in height measurement
occurred from the pre-Intervention phase to the post Ist
Intervention phase — a 16.4% increase.
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Figure 1. Percent of patients receiving height measurement

over four intervention phases

Chart of the percent of children who received a height measurement at
their well-child visit by intervention phase. A statistically significant differ-
ence across the four intervention phases was found using Fisher's exact
test (P=0.006).
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DISCUSSION

This QI project sought to achieve 100% height measurement
at well-child visits amongst children with medical com-
plexity. Over 17 months and three interventions, children
with medical complexity received height measurements at
increased rates, reaching 100% height measurement follow-
ing the final intervention. This finding supports implemen-
tation of a QI process to improve rates of task completion
within primary care clinics. This finding furthermore under-
scores the value of modifying typical clinic work flows to
ensure equal and appropriate health care is provided to indi-
viduals with medical complexity.

Past research has consistently found that individuals with
disabilities and chronic medical conditions, such as complex
care center patients, encounter barriers to accessing health
care services and are subsequently less likely to receive
appropriate exams, screenings, and treatments.”'%!7 Accord-
ing to systematic reviews by Manikandan et al and Mitchell
et al inaccessible environments, as well as lack of knowl-
edge and experience regarding the needs of individuals with
disabilities are significant barriers to accessing appropriate
health care for this population.'”'$ This literature indicates
that the standard design of health care settings and training
of health care providers excludes individuals with medical
complexities, and supports our findings that interventions
such as purchase of accessible equipment and staff training,
can significantly improve access to appropriate health care
for this population.

The success of this project was driven by a combination of
mechanisms including improved equipment access, reduc-
tion in time to complete height measurement for CMC,
and increased knowledge of and ability to meet the unique
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needs of CMC. The acquisition of a dedicated clinic-based
KHC ensured KHC availability. This played the largest role
in improving height measurement amongst CMC, under-
scoring the importance of timely access to appropriate
equipment. However, 100% height measurement was not
achieved with purchase of the KHC alone. Formal training
in KHC use along with reminders on when to use it and
automatization of a particularly time-consuming compo-
nent of KHC use — knee height to standing height calcula-
tion — likely all played a role in integration of the KHC into
clinic workflow and the subsequent improvement in rates of
height measurement.

Limitations

Among limitations of this project was the impact of the
COVID-19 pandemic on well-child visit attendance. Com-
plex care center well-child visits were frequently made vir-
tual or postponed to avoid potential exposure of CMC to
COVID-19 during periods of heightened infection. This led
to a smaller study population at certain time points. Addi-
tionally, there was likely variation in the accuracy of KHC
measurements amongst patients with severe contractures,
or limb malformations. However, assessing accuracy of KHC
measurements is outside the scope of this project. Further-
more, this project’s success relied on institutional resources
to purchase the KHC and provide staff training which may
limit its applicability among community-based clinics with
fewer resources. A community-based clinic would need to
replicate this project to fully understand its applicability
outside of an academic medical center.

CONCLUSIONS

Studies continue to document deficits in health care access
and quality among individuals with disabilities and chronic
medical conditions.'”'® The results of this project demon-
strate that by addressing needs for adaptive equipment and
staff training, clinics can improve the quality and consis-
tency of health care provided to this population. Further
research in both academic and community-based settings
is needed to improve equity in health care accessibility for
individuals with medical complexity.

References

1. Scherdel P, Dunkel L, van Dommelen P, et al. Growth moni-
toring as an early detection tool: a systematic review. Lancet
Diabetes Endocrinol. 05 2016;4(5):447-56. do0i:10.1016/S22.13-
8587(15)00392-7

2. Kim K, Melough MM, Kim D, et al. Nutritional Adequacy and
Diet Quality Are Associated with Standardized Height-for-Age
among U.S. Children. Nutrients. May 16 2021;13(5)doi:10.3390/
nul3051689

3. Becker P, Carney LN, Corkins MR, et al. Consensus statement
of the Academy of Nutrition and Dietetics/American Society
for Parenteral and Enteral Nutrition: indicators recommended

FEBRUARY 2023 RHODE ISLAND MEDICAL JOURNAL 50


http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-02.asp
https://www.rimedicalsociety.org

10.

11.

12.

13.

14.

15.
16.

17.

18.

RIMJ ARCHIVES | FEBRUARY ISSUE WEBPAGE | RIMS

for the identification and documentation of pediatric malnutri-
tion (undernutrition). Nutr Clin Pract. Feb 2015;30(1):147-61.
doi:10.1177/0884533614557642

Recommendations for Preventive Pediatric Health Care. Amer-
ican Academy of Pediatrics Bright Futures 2021. https://down-
loads.aap.org/AAP/PDF/periodicity_schedule.pdf

Cohen E, Kuo DZ, Agrawal R, et al. Children with medical
complexity: an emerging population for clinical and research
initiatives. Pediatrics. Mar 2011;127(3):529-38. doi:10.1542/
peds.2010-0910

Berry JG, Hall M, NeffJ, et al. Children with medical complexity
and Medicaid: spending and cost savings. Health Aff (Millwood).
Dec 2014;33(12):2199-206. d0i:10.1377/hlthaff.2014.0828

Kuo DZ, Goudie A, Cohen E, et al. Inequities in health care
needs for children with medical complexity. Health Aff (Mill-
wood). Dec 2014;33(12):2190-8. doi:10.1377/hlthaff.2014.0273

Neyestani TR, Dadkhah-Piraghaj M, Haydari H, et al. Nutri-
tional status of the Iranian children with physical disability: a
cross-sectional study. Asia Pac ] Clin Nutr. 2010;19(2):22.3-30.

Kuper H, Nyapera V, Evans J, et al. Malnutrition and Childhood
Disability in Turkana, Kenya: Results from a Case-Control
Study. PLoS Omne. 2015;10(12):e0144926. doi:10.1371/journal.
pone.0144926

Wang F, Cai Q, Shi W, et al. A Cross-sectional Survey of Growth
and Nutritional Status in Children With Cerebral Palsy in West
China. Pediatr Neurol. 05 2016;58:90-7. doi:10.1016/j.pediatr-
neurol.2016.01.002

Stevenson RD. Use of segmental measures to estimate stature
in children with cerebral palsy. Arch Pediatr Adolesc Med. Jun
1995;149(6):658-62. doi:10.1001 /archpedi.1995.02170190068012

Bell KL, Peter SW, Boyd RN, Stevenson RD. Use of Segmental
Lengths for the Assessment of Growth in Children with Ce-
rebral Palsy. In: Preedy VR, ed. Handbook of Anthropometry:
Physical Measures of Human Form in Health and Disease.
Springer; 2012:chap 78.

Chumlea WC, Guo SS, Steinbaugh ML. Prediction of stat-
ure from knee height for black and white adults and children
with application to mobility-impaired or handicapped persons.
] Am Diet Assoc. Dec 1994;94(12):1385-8, 1391; quiz 1389-90.
doi:10.1016/0002-8223(94]92540-2

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap) - A metadata-driven
methodology and workflow process for providing translational
research informatics support. The Journal of Biomedical Infor-
matics. 2009;42(2):377 - 381.

Stata Statistical Software: Release 17. StataCorp LLC; 2021.
Iezzoni LI. Eliminating health and health care disparities
among the growing population of people with disabilities.
Health Aff (Millwood). Oct 2011;30(10):1947-54. doi:10.1377/
hlthaff.2011.0613

Mitchell RJ, Ryder T, Matar K, Lystad RP, Clay-Williams R,
Braithwaite J. An overview of systematic reviews to determine
the impact of socio-environmental factors on health outcomes
of people with disabilities. Health Soc Care Community. Nov
302021;doi:10.1111/hsc.13665

Manikandan M, Kerr C, Lavelle G, Walsh M, Walsh A, Ryan
JM. Health service use among adults with cerebral palsy: a
mixed-methods systematic review. Dev Med Child Neurol. Oct
27 2021;d0i:10.1111/dmen. 15097

%977 | 20831

CONTRIBUTION

Authors
Jessica Hoffen, MD-ScM’23, Warren Alpert Medical School of
Brown University, Providence, RI.

Allison Brindle, MD, Division of General Pediatrics, Hasbro
Children’s Hospital; Assistant Professor of Pediatrics, Warren
Alpert Medical School of Brown University, Providence, RI.

Acknowledgments

Special thanks to the Hasbro Children’s Hospital Pediatric Primary
Care staff for their engagement with this project, and to Spina Bifida
Clinic staff — particularly Stephanie Watts, CPNP - for sharing
experience, insight, and skills.

Disclosures
The authors have no conflicts of interest relevant to this article.

The authors did not receive funding for this work.

Correspondence

Jessica Hoffen

Warren Alpert Medical School of Brown University
Box G-9496, 222 Richmond St., Providence, RI 02903

FEBRUARY 2023 RHODE ISLAND MEDICAL JOURNAL 51


https://downloads.aap.org/AAP/PDF/periodicity_schedule.pdf
https://downloads.aap.org/AAP/PDF/periodicity_schedule.pdf
mailto:jessica_hoffen@brown.edu
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-02.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Contributions
	CONTENTS–Contributions
	CONTENTS–News, People
	CASE-McGillion-Moore
	CASE–Sanka
	CASE–Lee
	IMAGES–John
	VIDEOS–Wahbe
	PATHOLOGY–Cao
	RESEARCH–Weng
	RESEARCH–Shah
	STUDY–Sokol
	STUDY–Bakow
	CONTRIBUTION–Thorndike
	CONTRIBUTION–Hoffen
	CONTRIBUTION–Shinnick
	CONTRIBUTION–Kuris
	HEALTH–Vital Statistics
	COMMENTARY
	LETTER
	WE ARE READ EVERYWHERE
	RIMS NEWS
	NEWS
	PEOPLE/PLACES
	OBITUARIES

