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ABSTRACT

Background: Health literacy profoundly impacts patient outcomes as patients with decreased health literacy are
less likely to understand their illness and adhere to treatment regimens. Patient education materials supplement in-
person patient education, especially in cerebrovascular diseases that may require a multidisciplinary care team. This
study aims to assess the readability of online patient education materials related to cerebrovascular diseases and to
contrast the readability of those materials produced by academic institutions with those of non-academic sources.

*Corresponding author:

Simon Gashaw Ammanuel, Methods: The readability of online patient education materials was analyzed using Flesch-Kincaid Grade Level
Department of Neurological (FKGL) and Flesch Reading Ease (FRE) assessments. Readability of academic-based online patient education
Surgery, University of materials was compared to nonacademic online patient education materials. Online patient education materials
Wisconsin Hospitals and from 20 academic institutions and five sources from the web were included in the analysis.

Clinics, Madison, United States. Results: Overall median FKGL for neurovascular-related patient online education documents was 11.9 (95%

sammanuel@uwhealth.org CI: 10.8-13.1), reflecting that they are written at a 12 grade level, while the median FRE was 40.6 (95% CI:
34.1-47.1), indicating a rating as “difficult” to read. When comparing academic-based online patient education
materials to other internet sources, there was no significant difference in FRE and FKGL scores (P = 0.63 and P =

Received : 27 May 2022 0.26 for FKGL and FRE, respectively).
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diseases from major academic centers and other nonacademic internet sites are difficult to understand
DOI and written at levels significantly higher than that recommended by national agencies. Both academic and
10.25259/SNI 502 2022 nonacademic sources reflect this finding equally. Further study and implementation are warranted to investigate

how improvements can be made.
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INTRODUCTION

Cerebrovascular neurosurgery is a neurosurgical subspecialty in which many of its disease
entities require complex decision-making. Such decision-making aims to balance potential
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neurological risks with the inherent risk of a surgical or
endovascular intervention. This complex decision-making
process also involves evaluating the use of multiple treatment
modalities and collaboration with multiple providers from
different biases and backgrounds. As a result, it can be
challenging for patients as they try to navigate medical
decisions for themselves, their families, and their loved
ones. The increasing incidence of incidentally discovered
cerebrovascular disorders only makes these decisions more
challenging. (16181

In response to these challenges, academic neurosurgery
departments have created online education materials
for patients with the primary objectives of defining
diagnoses, describing risk factors, explaining disease
natural history, and outlining available treatment options of
cerebrovascular conditions. In addition to the description
of treatment options, online materials typically aim to
discuss anticipated results and potential complications that
pertain to cerebrovascular surgery. However, an assessment
of the efficacy of how well cerebrovascular-related patient
educational materials communicate essential information to
patients is lacking.

The National Institute of Health (NIH) recommends that
patient education materials are written at a 6™ grade level,!'”)
since the average American reads at the 6™-8" grade
level.® Other national agencies such as the American
Medical Association (AMA) and the United States
Department of Health and Human Services also make
similar recommendations.”?! Scales have been developed to
evaluate how easily a piece of written text can be read. The
Flesch-Kincaid Grade Level (FKGL) and Flesch Reading Ease
(FRE) are two of the most commonly utilized and accessible
readability tools. FKGL provides an estimate of the academic
grade level needed to read and understand a particular
piece of written material.">"*! FRE focuses on how difficult
a passage is to read and leads to a rating from 0 to 100.0%
Higher scores denote increased reading ease with 100-91
being rated “very easy,” 90-81 “easy;” 80-71 “fairly easy,” 70-
61 “standard,” 60-51 “fairly difficult,” 50-31 “difficult,” and
30-0 “very difficult”!1"

The aim of this study is to analyze the readability of patient
education materials pertaining to cerebrovascular conditions.
We sought to examine the readability of materials from
academic centers and compared these to other more easily
available online sources.

MATERIALS AND METHODS

To identify institutions with readily available patient
education materials related to cerebrovascular conditions, the
listing of academic centers in the US News and World Report
was utilized. Table 1 is the list of the institutions included in
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Table 1: List of academic institutions and nonacademic websites
included in the study.

Academic Nonacademic
Barrow Neurological Institute WebMD
Baylor University Healthline
Brigham and Women’s Hospital Medline
Cedars-Sinai Medical Center Wikipedia
Cleveland Clinic Medscape

Columbia University

Ichan School of Medicine at Mount Sinai
Johns Hopkins University
Massachusetts General Hospital
Mayo Clinic

Michigan University

New York University

Northwestern University

Rush University

Stanford University

University of California Los Angeles
University of California San Francisco
University of Southern California
University of Texas Southwestern
Washington University in St. Louis

the survey. Centers were further divided by regions: North-
east, South, Midwest, and West. A search of neurosurgery
and neurology departmental websites was performed by
the primary authors (CSE and SA). Patient materials arising
from Google searches related to particular cerebrovascular
neurosurgery conditions were also evaluated.

Documents were chosen for study evaluation if
they contained content that discussed five common
cerebrovascular conditions: Dural arteriovenous fistulas,
brain arteriovenous malformations, carotid stenosis,
cavernomas, and brain aneurysms. Each academic institution
had up to five documents included per topic, while the first
five articles from nonacademic sites were analyzed for each
topic. A “Diagnosis” subgroup was created using documents
relating to epidemiology, symptoms, and diagnosis.
A “treatment” subgroup was made with articles connected to
treatment, management, and prognosis. Only online content
written in English was included in the analysis.

All documents were assessed using plain text with Microsoft
Word for Mac version 16.20. The FKGL and FRE for each
article were generated. This technique has been previously
described by Sabharwal et al.?!! The formula for FKGL is
as follows: (0.39 * average number words per sentence) +
(11.8 * average number of syllables per word) — 15.59. The
formula for FRE is: 206.835-1.015 x (words/sentences) —
84.6 x (syllables/words). Intraclass correlation coeflicients
were calculated for both examiners (CSE, SA). Intra-rater
reliability, for both FKGL and FRE, was ascertained using
10 randomly selected articles. An analogous method was
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used for inter-rater reliability. Twenty documents were
independently analyzed and randomly selected for readability
score (CSE, SA).

Median values and 95% confidence intervals were calculated
for FKGL and FRE for each article included. A one-
way analysis of variation was calculated across regions
and conditions. Two-tailed t-tests were used to compare
documents from academic centers to alternate internet
information. Statistical significance was set at P < 0.05.
All statistical analyses were performed using GraphPad 7
(GraphPad), VassarStats (http://www.vassarstats.net), and
Microsoft Excel (Microsoft Excel).

RESULTS

Eighteen of 20 included institutions (90%) [Table 1] had readily
available online patient education materials, and a total of 75
documents were included and reviewed. In total, there were 72
documents with information for the diagnostic subgroup and
71 documents with information for the treatment subgroup.
Intra-rater and inter-rater reliability for both FKGL and FRE
was 1.0, indicating concordance in the methodology between
the authors performing the primary analysis.

The median FKGL for all documents across all institutions
was 11.7 (95% CI: 10.7-12.4), and the median FRE was
42.9 (95% CI: 41.3-46.1). Median FKGL and FRE scores
across geographical regions are shown in Table 2. There
were no significant differences between the FKGL and FRE
scores among geographical regions within the U.S. [Table 2].
The median FKGL of documents in the diagnosis subgroup
was 11.3 (95% CI: 10.3-11.9), while the median FRE was
46.2 (95% CI: 43.1-48.4). The difference in medians between
all regions for FKGL and FRE in the diagnosis subgroup
was not statistically significant [Table 2]. The median FKGL
of documents in the treatment subgroup was 12.1 (95% CI:
11.2-13.3), while the median FRE was 39.7 (95% CI: 37.5-

43.6). These differences were not statistically significant
[Table 2]. There was a significant difference between median
diagnostic and treatment groups in terms of the FRE,
indicating documents dealing with diagnostic information
were significantly more difficult to read than those of
treatment and outcome (P = 0.01). In terms of FKGL, there
was a trend for articles dealing with treatment and outcome
to contain more challenging reading material, compared with
the diagnostic subgroup (P = 0.09).

Table 3 shows that the FKGL and FRE scores stratified by
disease type. There were significant differences in overall
FRE scores among disease conditions; however, there was
no difference in overall FKGL (P = 0.19 and P = 0.02 for
overall FKGL and FRE, respectively). There was no statistical
difference in diagnostic FKGL or FRE score (P = 0.06
and P = 0.22 for FKGL and FRE, respectively). There was
a significant difference in FRE terms for the treatment
subgroup, but no differences in FKGL scores (P = 0.29 and
P =0.03 for FKGL and FRE, respectively).

The overall median FKGL for all documents from the
internet [Table 1] was 11.9 (95% CI: 10.8-13.1), and the
median FRE was 40.6 (95% CI: 34.1-47.1). When comparing
the information from academic institutions with information
from the internet, there was no difference in overall FRE
and FKGL scores (P = 0.63 and P = 0.26 for FKGL and
FRE, respectively). The median FKGL of documents in the
diagnosis subgroup was 11.1 (95% CI: 10.2-11.8), while the
median FRE was 46.3 (95% CI: 43.5-49.0). There was no
difference in the diagnostic information when compared to
academic institutions (P = 0.47 and P = 0.20 for FKGL and
FRE, respectively). The median FKGL of documents in the
treatment subgroup was 13.1 (95% CI: 11.2-13.9), while the
median FRE was 34.9 (95% CI: 28.7-43.5). There was no
difference in the diagnostic information when compared to
academic institutions (P = 0.73 and P = 0.18 for FKGL and
FRE, respectively) [Table 4].

Table 2: Median FKGL and the FRE overall across the United States geographical regions.

Overall Northeast Midwest West South P-value
Median Overall 11.7(10.7-124)  11.7(10.7-12.0)  11.6(9.3-15.1) 10.1 (9.2-11) 122 (11.6-13) 0.34
FKGL (95% CI)
Median Overall 42.9 (41.3-46.1) 43 (40.6-47.2)  45.1 (38.4-51.1)  45.8(42.8-50.2)  38.2 (34.2-43.1) 0.22
FRE (95% CI)
Median Diagnostic 11.3(10.3-11.9) 11.3(10.2-11.6) 11.4(9.5-14.3) 9.3 (8.8-10.1) 12 (11.5-13) 0.09
FKGL (95% CI)
Median Diagnostic ~ 46.2 (43.1-48.4)  47.4 (43.8-51.3)  45.8(37.4-522)  49.2 (47.1-52.5)  36.5 (35.3-43.9) 0.10
FRE (95% CI)
Median Treatment 12.1 (11.2-13.3) 12.5(11.3-13.1) 11.7 (9-16) 12 (9.7-12.7) 13.4 (12-14.2) 0.74
FKGL (95% CI)
Median Treatment ~ 39.7 (37.5-43.6)  38.8 (34.1-43.3)  45.8 (38.1-51) 39 (34.7-48.6) 35.6 (30.9-43.2) 0.31
FRE (95% CI)
FKGL: Flesch-Kincaid grade level, FRE: Flesch reading ease
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Table 3: Median FKGL and the FRE overall across the specific conditions.

Dural AVF Brain AVMs  Carotid Stenosis ~ Cavernoma Aneurysms  P-value
Median Overall FKGL (95% CI) ~ 11.7 (10.7-12.5)  11.7(9.9-12)  11.7 (10.1-122)  12(9.6-17.8) 109 (9.7-11.7)  0.19
Median Overall FRE (95% CI) 41.7 (38.2-45.9) 43.2(41.3-51.2)  43.5(40-49.3)  37.7(29.7-41.9) 47.7 (42.7-51.7)  0.02
Median Diagnostic FKGL (95% CI) 11.7 (10.5-13.5) 11 (9.4-11.4) 11.4 (9.7-12.2) 114 (9.3-16.4) 10.6 (9.4-11.3) 0.22
Median Diagnostic FRE (95% CI)  44.5 (35.8-48.6) 48.6 (44.4-55.5) 46.1 (40.6-51.9) 41.9 (31.7-455) 48.1 (43.6-52.8)  0.06
Median Treatment FKGL (95% CI)  12.1 (10.3-13.2) 12.4 (10.4-13.1) 11.7 (10.2-12.9) 13.4 (12.1-142) 11.6(9.9-12.3)  0.29
Median Treatment FRE (95% CI)  38.8 (35.9-46.1) 39.4 (35.1-48.3) 44.1(35.8-48.5) 32.4(26.3-36.7) 46.2(40.5-51.5)  0.03
FKGL: Flesch-Kincaid grade level, FRE: Flesch reading ease
Table 4: Median FKGL and the FRE overall across the specific conditions for alternate internet information.

Dural AVF Brain AVMs  Carotid Stenosis ~ Cavernoma Aneurysms  P-value

Median Overall FKGL (95% CI) 11.9(11.6-12.9) 8.8(7.3-15.4)  13.8(10.8-16.2) 14 (11-15) 9.7 (8-10.8) 0.21
Median Overall FRE (95% CI) 412 (33.2-46) 54.4(28.8-62.6) 22 (13.5-44.9)  29.2(22.6-45.4) 51.6 (46.3-62.8)  0.08
Median Diagnostic FKGL (95% CI) 11.9 (11.2-12.5) 8.8 (6.9-15.3)  13.4(10.7-15) 14 (11-15) 9.6(8.1-10.8) 0.7
Median Diagnostic FRE (95% CI) 45 (35.2-47.8)  54.8 (30.9-64.4) 34 (153-46.4)  30(23.4-45.6) 52.4(46.8-63.9)  0.08
Median Treatment FKGL (95% CI)  13.1 (12-15.2)  11.1(8.2-16.4) 13.9 (10.6-17.7) 13.9(11.3-15.5) 10 (8-10.8) 0.16
Median Treatment FRE (95% CI) 33.2(20.9-39.6) 38(21.2-57.9) 24 (10-45.2)  29.2(13.6-46.3) 49.7 (45.4-60.8)  0.13

FKGL: Flesch-Kincaid grade level, FRE: Flesch reading ease

DISCUSSION

Cerebrovascular neurosurgery encompasses a number of
complex conditions that are often difficult for patients to
understand. To further complicate matters, these conditions
are frequently managed by multiple providers from numerous
specialties, some of which may potentially be located at
separate institutions. Often, these providers will have
conflicting ideas and offer contrasting advice to patients.”"!
This is especially important for cerebrovascular neurosurgery,
in which making informed treatment decisions require a
sophisticated understanding of the future risk compared with
up-front procedure-related risk. After provider consultations,
patients may leave the office with an exaggerated estimate
of risk and lack a clear understanding of treatment plans,
emphasizing the difficulty in communicating this type of
information.!"" Not to mention, patients may not remember
all important details following an appointment, especially if
already predisposed to lapses in consciousness due to age or
the anxiety-inducing nature of much of this content.!

These common patient experiences do not mean that patient
education efforts are doomed to fail. For example, an in-
depth educational and interactive informed consent process
involving booklets, cartoons, videos, questionnaires, and
interviews was found to significantly increase comprehension
in patients with unruptured intracranial aneurysms as
compared to controls.”?!! Similarly, the use of 3D-printed
models in displaying unruptured intracranial aneurysms was
shown to greatly increase patient understanding following
preoperative consultation.'®’ Many of these interventions
are costly or impractical to implement on a large scale. As
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a result, clinic-based patient education initiatives still fail to
address the gap of improving the accessibility and readability
of internet-based patient materials in a world where patients
are increasingly reliant on the internet for health-care
information.”

In our study, we found that online patient education
materials pertaining to cerebrovascular disease provided
by academic medical centers were often challenging to read
and properly understand. Difficulties in readability and
comprehension were also observed when comparing the
readability of cerebrovascular neurosurgical information
provided by medical centers to those found on other sites.
These challenges are suggestive that, in aggregate, medical
information is written at too high of a reading level. To add,
our data suggest that this is not a problem limited to tertiary
and academic medical institutions. A similar, though more
limited, investigation into the readability of online reading
materials for brain aneurysms also came to the conclusion
that patient education materials are written at levels too
high for patients to understand.'"! More general online
neurosurgical information has been shown to suffer from a
similar lack of readability. !>

The American Medical Association and National Institutes of
Health have recommended that patient education materials
be written at the 6™-grade level or below.”! This is largely
due to the fact that health literacy has been shown to be a
significant factor with regards to health-care outcomes.*’!
Low health literacy is associated with increased mortality,
length of stay, and increased costs to the health-care
system, reaching as high as 236 billion dollars annually.>*!
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Conversely, patient education interventions have been shown
to make a positive economic impact and improve patient and
provider satisfaction.!?!

It is clear that there is a need for more readable patient
education materials to improve health literacy, which has
already resulted in improvements in literacy within other
medical specialties.”! A significant reduction in FKGL
scores from 10.4 to 9.3 was observed when looking at patient
education materials from the Association of American
Orthopedic Surgeons website from 2008 to 2014.2%) Over a
similar period of time, Eltorai et al. noted improvements in
FKGL from 11.5 to 10.7 in spine-related patient education
materials.”) Some of the documents analyzed were from
the American Association of Neurological Surgeons, where
there was only a slight improvement in FKGL from 12.1 to
11.8.°1 These positive results suggest that improvements are
attainable within other neurosurgical subspecialties, such as
cerebrovascular neurosurgery.

This study is inherently limited in scope. The FKGL and FRE
tests are unable to account for accompanying images and
videos found online. Additional differences in presentation
and layout that may affect a patient’s reading experience
and understanding could not be considered. Furthermore,
we are unable to comment on how the readability of these
documents is affected by translations into other languages or
for websites written in other languages. Language discordance
is an important factor in promoting health literacy and has
been associated with increased risk of readmission, longer
length of stay, and even infection rates.!'>!?”l Moreover, while
readability assessments have been performed using other
languages, much of the evidence within neurosurgery is not
recent and thus provides an avenue for the future study."!

CONCLUSION

Cerebrovascular conditions can be challenging for patients
to understand and often require input by physicians from
multiple subspecialties, presenting patients with different
perspectives on risk and conflicting advice for treatment.
Patient education materials provide an essential adjunct to
in-person patient education during a consultation and can
make all the information they are presented with more easily
comprehended. However, our study indicates that currently
available information from major U.S. academic centers and
other nonacademic websites pertaining to cerebrovascular
disease are written at a level significantly higher than
recommended by national agencies. The authors of these
articles should factor the NIH and AMA guidelines of patient
education materials to allow patients to make informed
health-care decisions. The future studies should focus on
improving the readability of the articles to understand the
effects of patient outcomes related to these diseases.
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