Lehigh Valley Health Network
LVHN Scholarly Works

Department of Medicine

The Modified Fisher Scale Lacks Interrater Reliability.

Christopher Melinosky MD
Lehigh Valley Health Network, Christopher.Melinosky@Ivhn.org

Hope Kincaid MPH, CPH
Lehigh Valley Health Network, Hope.Kincaid@Ivhn.org

Jan Claassen
New York Presbyterian Hospital

Gunjan Parikh
University of Maryland - Baltimore

Neeraj Badjatia
University of Maryland at Baltimore

See next page for additional authors

Follow this and additional works at: https://scholarlyworks.lvhn.org/medicine

6‘ Part of the Neurology Commons

Published In/Presented At

Melinosky, C., Kincaid, H., Claassen, J., Parikh, G., Badjatia, N., & Morris, N. A. (2021). The Modified Fisher
Scale Lacks Interrater Reliability. Neurocritical care, 35(1), 72-78. https://doi.org/10.1007/
$12028-020-01142-8

This Article is brought to you for free and open access by LVHN Scholarly Works. It has been accepted for inclusion
in LVHN Scholarly Works by an authorized administrator. For more information, please contact
LibraryServices@Ivhn.org.


https://scholarlyworks.lvhn.org/
https://scholarlyworks.lvhn.org/medicine
https://scholarlyworks.lvhn.org/medicine?utm_source=scholarlyworks.lvhn.org%2Fmedicine%2F1879&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/692?utm_source=scholarlyworks.lvhn.org%2Fmedicine%2F1879&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:LibraryServices@lvhn.org

Authors

Christopher Melinosky MD; Hope Kincaid MPH, CPH; Jan Claassen; Gunjan Parikh; Neeraj Badjatia; and
Nicholas A Morris

This article is available at LVHN Scholarly Works: https://scholarlyworks.lvhn.org/medicine/1879


https://scholarlyworks.lvhn.org/medicine/1879

Neurocrit Care (2021) 35:72-78
https://doi.org/10.1007/s12028-020-01142-8

NEUR#ECRITICAL

CARE SOCIETY

ORIGINAL WORK

The Modified Fisher Scale Lacks Interrater

Reliability

®

Check for
updates

Christopher Melinosky' ®, Hope Kincaid?, Jan Claassen®, Gunjan Parikh*, Neeraj Badjatia*

and Nicholas A. Morris*

© 2020 Springer Science+Business Media, LLC, part of Springer Nature and Neurocritical Care Society

Abstract

reliability of mFS grading.

Computerized tomography (CT)

Background: The modified Fisher scale (mFS) is a critical clinical and research tool for risk stratification of cerebral
vasospasm. As such, the mFS is included as a common data element by the National Institute of Neurological Disor-
ders and Stroke SAH Working Group. There are few studies assessing the interrater reliability of the mFS.

Methods: We distributed a survey to a convenience sample with snowball sampling of practicing neurointensivists
and through the research survey portion of the Neurocritical Care Society Web site. The survey consisted of 15 scrol-
lable CT scans of patients with SAH for mFS grading, two questions regarding the definitions of the scale criteria and
demographics of the responding physician. Kendall's coefficient of concordance was used to determine the interrater

Results: Forty-six participants (97.8% neurocritical care fellowship trained, 78% UCNS-certified in neurocritical care,
median 5 years (IQR 3-6.3) in practice, treating median of 80 patients (IQR 50-100) with SAH annually from 32 institu-
tions) completed the survey. By mFS criteria, 30% correctly identified that there is no clear measurement of thin versus
thick blood, and 42% correctly identified that blood in any ventricle is scored as “intraventricular blood. The overall
interrater reliability by Kendall's coefficient of concordance for the mFS was moderate (W=0.586, p < 0.0005).

Conclusions: Agreement among raters in grading the mFS is only moderate. Online training tools could be devel-
oped to improve mFS reliability and standardize research in SAH.

Keywords: Aneurysmal subarachnoid hemorrhage, Cerebral vasospasm, Intracranial vasospasm, Neuroimaging,
Computed tomography, Cerebral ischemia, Reproducibility of results, Intracranial hemorrhage, Cerebral aneurysm,

Introduction

Arterial vasospasm plays a critical role in the develop-
ment of delayed cerebral ischemia (DCI) after aneu-
rysmal subarachnoid hemorrhage (SAH). It occurs in
20-50% of patients following aneurysmal rupture and
contributes substantially to poor outcome through a
combination of secondary injury mechanisms [1-6].
Advancing the understanding of these mechanisms is
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facilitated by reproducible measurement of cumulative
hemorrhage burden. In 1980, C. Miller Fisher first uti-
lized initial CT imaging to risk-stratify patients for vasos-
pasm [7]. The Fisher scale specifically defined thin SAH
as less than 1 mm and thick SAH as greater than 1 mm.
It was not meant to be an ordinal scale, as group 3 has a
higher risk of vasospasm than group 4. It has since been
utilized, however, as an ordinal scale and reported incor-
rectly. It also does not account for the additive risk of
ventricular blood. As a result, classification of patients by
the Fisher scale is unclear and errors are often noted in
its application [8, 9].
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Claassen et al. [10] revisited the Fisher scale in order to
develop a simpler admission CT rating scale with supe-
rior predictive value for DCI. Claassen’s scale accounts
for the separate and additive risk of thick SAH (com-
pletely filling one or more cistern or fissure) and bilateral
intraventricular hemorrhage. This score is often referred
to as the “Modified Fisher scale” (mFS) although the
manuscript made no mention of this name [11]. Some
studies report this as the “Claassen scale” or “Columbia
scale” Then, Frontera et al. [12, 13] specifically coined the
term “mFS;” which they found predictive of symptomatic
vasospasm (not DCI). Their analysis utilized retrospec-
tive data collected on 1378 scans from a clinical trial,
and no images or measurements were available. There-
fore, no explicit measurement criteria were used in Fron-
tera’s mFS to classify blood as thick or thin, and any IVH
(not bilateral) was graded as present or absent (Fig. 1).
Although Frontera et al. used different criteria from
Claassen et al., many reference their work interchange-
ably when referring to the mFS (Table 1, Supplemental
Table 1) [14, 15].

While prior studies have assessed the interrater reli-
ability (IRR) of the mFS between a limited number of

investigators at a single institution and found a moder-
ate-to-good reliability [16, 17], IRR across institutions
and working definitions of the criteria of the mFS is
unknown. In the present study, we hypothesized that
attending physicians that routinely take care of patients
with SAH do not agree on the definitions of mFS cri-
teria, and therefore, the mFS has limited IRR. We also
performed a systematic literature review to assess
for inconsistencies in the application of the mFS. As
the National Institute of Neurological Disorders and
Stroke (NINDS) Common Data Elements initiative has
recently included the mFS as a highly recommended
supplemental imaging grade [18], it is important that
any misunderstanding of mFS grading be elucidated
now and that the definitions of the scale criteria are
properly understood to increase its validity in clinical
trials and large population studies. A search of clini-
caltrials.gov (accessed October 14, 2020) revealed 18
active or recruiting studies involving aneurysmal SAH
and vasospasm, including trials of prevention (cilosta-
zol and nimodipine combined, clazosentan, milrinone,
CSF alteration, stellate ganglion block) and prediction
(acetazolamide challenge with perfusion, 18F-FDG

modified Fisher Grade 1: thin SAH, no IVH
Complete scan can be seen here:
https://youtu.be/yp6_0P5IfXo

modified Fisher Grade 2: thin SAH, with IVH
Complete scan can be seen here:
https://youtu.be/ITZdUCBOcaM

modified Fisher Grade 3: thick SAH, no IVH
Complete scan can be seen here:
https://youtu.be/DjDfF 192dno

modified Fisher Grade 4: thick SAH, with IVH
Complete scan can be seen here:
https://youtu.be/ImodUyZdIPM

Fig. 1 The modified Fisher Scale according to Frontera et al. criteria with representative images
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Table 1 Comparison of CT imaging scales of vasospasm/delayed cerebral ischemia

Fisher scale Fisher Scale Revisited Modified Fisher scale
References Fisheretal.[ ] Claassenetal.[ ] Fronteraetal.[ ]
Grade
0 N/A No SAH or IVH No SAH or IVH
1 No SAH, ICH, or IVH Thin SAH (not completely filling a cistern) Thin SAH (no definition) and no IVH in any
and no IVH in both lateral ventricles ventricle
2 Diffuse deposition of thin layer of SAH with  Thin SAH (not completely filling a cistern) Thin SAH (no definition) and IVH in any
all vertical layers of blood less than 1 mm and IVH in both lateral ventricles ventricle
thick*
3 Localized SAH and/or vertical layers of blood Thick SAH (completely filling > 1 cisterns) Thick SAH (no definition) and no IVH in any.
1 mm or greater in thickness* and no IVH in both lateral ventricles ventricle
4 Diffuse or no SAH, but with ICH or IVH Thick SAH (completely filling > 1 cisterns) Thick SAH (no definition) and any IVH in any
and IVH in both lateral ventricles ventricle
Outcome Radiographic vasospasm on conventional Delayed cerebral ischemia (otherwise Symptomatic vasospasm (clinical symptoms

angiography

unexplained clinical deterioration or new
infarct on CT)

including worsening headache, stiff neck,
neurological deterioration not attributable
to other causes)

CT computed tomography, ICH intracerebral hemorrhage; IVH intraventricular hemorrhage, SAH subarachnoid hemorrhage

*16-mm CT slice thickness

PET/CT) as well as 26 completed studies. Despite the
low prevalence of aneurysmal SAH, VSP is a very active
area of study, and enrollment into these studies should
rely on good IRR with a scale that is used to predict
VSP.

Methods

Study Design

There were two parts to this study, a cross-sectional sur-
vey and systematic review of existing literature. The sur-
vey was administered online to physicians from multiple
institutions through the research survey portion of the
Neurocritical Care Society website as well as a conveni-
ence sample of personal email contacts through snow-
ball sampling. This study was reviewed and approved by
LVHN’s institutional review board (IRB) and qualified as
Human Subjects Research in Exempt Category (2)(i).

Instrument (Supplemental Figure 1)

Fifteen admission CT scans of patients with SAH
from the authors’ institutions were randomly selected,
anonymized, and made into videos for ease of scroll-
ing and then uploaded into a Google Form survey
(Fig. 2, Supplemental Figure 1). Participants were asked
to grade the mFS for each CT scan. Only self-identified
attending physicians who assign mFS were asked to par-
ticipate. Additional data collected include details of how
the participant defines “thick” versus “thin” clot, how
“IVH” is scored, as well as demographic data with ques-
tions about medical training, experience with grading
mFS, and training in mFS administration. Surveys were
anonymous.

Statistical Analysis

Descriptive statistics were used to summarize the train-
ing characteristics of the participants. Frequencies and
percentages are presented for continuous variables, while
the median and interquartile range (IQR) are presented
for continuous and ordinal variables. Kendall’s coeffi-
cient of concordance was applied to determine interrater
reliability (IRR). Kendall’s coefficient of concordance is
appropriate when there are 3 or more raters rating the
same subjects (the same raters are used to assess each
subject), and the rating is on an ordinal or continuous
scale; 0 indicates no concordance, and 1 indicates per-
fect concordance [19]. Subset analysis was performed to
determine IRR of several subgroups based on definitions
of mFS criteria and level of training.

Literature Search

In a secondary analysis, we performed a systematic
review of original research that cites the mFS paper by
Frontera et al., as well as Claassen et al’s paper on “The
Fisher Scale Revisited” We searched “Pubmed” and “Sco-
pus” (accessed February 8, 2020) for original research cit-
ing those two papers. We excluded case reports, review
articles, studies not readily available in English, and stud-
ies that used the mFS for reporting complications of
procedures. We assessed each paper for its inclusion of
definitions of the mFS criteria, whether or not the defi-
nitions (if present) were correct, and how the scale was
used for the study (as part of the demographics reported,
as a variable in a predictive/correlative model, as a
matched variable, an adjusted variable, or as a compara-
tor) (for definitions, see Supplemental Table 1).
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Respondent Grade

mF1 (%) 30.4
mF2 (%) 13
mF3 (%) 50

N\ Zll mF4 (%) 6.5

Fig. 2 A representative scan (scan 13) from the survey with participants’' modified Fisher Scale grading. Full scan can be seen here: https://youtu.be/

Table 2 Demographics and training characteristics of par-
ticipants

Number of surveys completed (n) 46
Number of centers (n) 32
Number of SAH patients/year, median (IQR) 80 (50-80)
Primarily training, n (%)
Neurology 38(82.6)
Emergency medicine 3(6.5)
Anesthesia 2 (4.3)
Internal medicine 2(43)
Neurosurgery 121
Fellowship training, n (%)*
Neurocritical care 45 (97.8)
Vascular neurology 7(15.2)
Neurophysiology 1(2.1)
Pulmonary critical care 121
UCNS-certified in neurocritical care, n (%) 36 (78.3)
Number of years in practice, median (IQR) 5 (3-6.25)
Primarily responsible for grading mFs, n (%) 28 (60.9)
Grade mFS on 75-100% of patients, n (%) 33(71.7)
Report formal training in mFS, n (%) 12 (26.1)
Published research including mFS, n (%) 9(19.6)
Would complete online training, n (%) 33(71.7)

IQR interquartile range; mFS modified Fisher scale, SAH subarachnoid
hemorrhage; UCNS United Council for Neurologic Subspecialties

*Some participants completed multiple fellowships

Results
We received 47 responses to the survey—one response
from a non-physician was excluded, leaving 46 responses.
We could not determine a response rate due to our uti-
lization of snowball sampling. There were 32 medical
centers represented, reported as treating a median of
80 (IQR 50-100) patients with SAH per year. Nearly all
participants had completed a fellowship in neurocritical
care, but only approximately one quarter reported “for-
mal training” in grading the mFS (Table 2).

In reporting definitions of mFS criteria according to
Frontera et al’s criteria, only 24% of participants correctly
identified that there is no clear measurement of thick or

Table 3 Participants’ definitions of mFS components

Definition of “Thin Blood" n (%)

<1 mm thick 22 (47.8)
No clear measurement 11(23.9)
<5 mm thick 5(10.9)
<1 cm thick 5(10.9)
Not completely filling fissure or cistern 3(6.5)
Definition of “Ventricular Blood” n (%)

Any blood in any of the ventricles 24.(52.2)
Blood in both lateral ventricles 8(174)
Blood in greater than 25% of each lateral ventricle 8(17.4)
Significant blood in any ventricle (not defined, but eyeballed) 6 [13]

mFS modified Fisher scale

thin SAH, but just over half (52%) correctly identified
that any blood in any ventricle is scored as intraventricu-
lar blood (Table 3). Half of the participants recognized
that there is a distinction between Claassen’s scale and
the mFS, while 33% refuted the distinction, and 17%
reported not knowing whether there was a distinction or
not. Most participants (72%) would take an online train-
ing module to standardize scoring of the mFS.

In grading the 15 CT scans for mFS without being pro-
vided criteria, the overall IRR by Kendall’s coefficient of
concordance was W=0.586 (p<0.0005), which is con-
sidered a statistically significant, moderate level of agree-
ment. Those who correctly identified thin and ventricular
blood definitions demonstrated a statistically significant
better level of agreement (W=0.727, p<0.0005), while
those who claim to have had formal training performed
similarly to the entire cohort (W=0.588, p <0.0005).

In a secondary analysis, we found 241 papers referenc-
ing Frontera et al.; 108 fit the inclusion criteria for evalu-
ation. There were 421 papers referencing Claassen et al.,
and 91 fit the inclusion criteria. With overlap, there were
a total of 164 original research papers utilizing the mFS
with only 17 explicitly listing Frontera et al’s criteria
when utilizing the mFS. There were nine papers explic-
itly listing Claassen et al’s criteria as the criteria for the
mFS. While the majority did not state any criteria used to
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grade the mFS, several papers were unclear in their cri-
teria —interchangeably using Fisher and modified Fisher,
partially listing criteria, or having incorrect references
for named scales (Supplemental Table 1). The majority
of studies use the mFS as a variable for prediction or to
show correlation (100 studies), and another 44 studies
report the mFS in demographics. In addition, mFS was
used as an adjusted variable (5 studies), comparator vari-
able (10 studies), inclusion criteria (2 studies), and as a
matched variable (2 studies) (Supplemental Table 1).

Discussion

Among attending neurointensivists from over 30 insti-
tutions with high volumes of patients with SAH, we
found only moderate IRR of the mFS. Most participants
reported being responsible for grading the mFS, and
nearly one in five of the participants had published data
utilizing the mFS.

Prior studies have found higher IRR compared to our
data. Claassen et al. did not measure IRR for their grad-
ing scale but did find that the IRR for their SAH and IVH
measurements indicated good (Ky,=0.6-0.8) and excel-
lent (Ky,=0.8-1.0) agreement [10]. A retrospective study
of 271 patients’ CT scans graded by four raters found the
mES to have a moderate-to-good agreement (Ky,=0.64)
[16]. A later single-center study of 150 patients found
similar results with two raters (Ky=0.61) [17]. Most
recently four raters from a single institution of 165
patient scans were found to have a moderate agreement
for the mFS (K =0.42) [20]. Our study differs from prior
work due to the large number of raters and institutions
represented. We think our study reflects the heterogene-
ity of raters that would be contributing mFS grades to a
large, multicenter clinical trial.

The burden of subarachnoid and intraventricular hem-
orrhage predicts symptomatic vasospasm and delayed
cerebral ischemia [2, 21]. Hemolysis leads to inflamma-
tion, oxygen-free radical reactions, and endothelial injury
that drives vasoconstriction [22]. The mFS holds tre-
mendous research value as a grading system that facili-
tates risk stratification for symptomatic vasospasm based
on blood burden. However, in order to be valid, a grad-
ing scale must have clear criteria and demonstrate good
IRR. The mFS has clear utility in research and should
not be replaced, but should be standardized. According
to our data, the mFS lacks good IRR which is likely due
to uncertainty regarding the scale criteria. We hypoth-
esize that much of the confusion stems from the slight
differences in the foundational papers by Claassen et al.
and Frontera et al., in which the same author group used
slightly different criteria to assess related but not identi-
cal outcomes (delayed cerebral ischemia vs. symptomatic
vasospasm) [10, 12]. Our literature search found that

many authors have attributed the mFS to Claassen et al.
and sometimes integrate the original Fisher criteria for
thin versus thick blood into the mFS, adding to the con-
fusion. Of the 37 studies that had some definition of the
mES in their manuscript, only 17 listed the correct cri-
teria and 20 listed incorrect or incomplete criteria. Even
the NINDS Common Data Elements Project Investiga-
tors incorrectly attributed the mFS to Claassen et al. in
one publication [23], while defining thin blood and thick
blood according to the original Fisher criteria in another
[24]. The CDE states that it is an attempt to “harmonize
and standardize data collected for clinical studies in neu-
roscience,” and if incorrect and inconsistent definitions
are used, this will only further the confusion on the cor-
rect definition of mFS. The incorrect scale criteria offered
by commonly referenced Web sites such as mdcalc.com
and UpToDate® compound the problem [11, 25].

In our study, the IRR of the mFS was only moderate.
Of note, half of our participants were not aware that
Claassen’s scale was unique from the mFS, about half
could correctly identify the criteria for IVH, and less than
a quarter recognized the criteria for thin versus thick
blood. Nonetheless, there is reason to believe that proper
training could improve the IRR. The study with the high-
est IRR provided each rater with a detailed description of
the scale [16], suggesting that simply providing the crite-
ria can bolster the IRR of the scale. Similarly, in our study
those participants who could properly define the mFS
score components showed good agreement.

With the inclusion of the mFS on the CDE, it is time
to standardize the definition and training for the mFS.
Many other grading scales (clinical and radiographic)
require standardized training prior to inclusion in clini-
cal trials and continued re-education and certification to
assure the validity of the data. For example, inclusion of
the National Institutes of Health Stroke Scale (NIHSS)
into any trial requires certification by the examiners. An
online-/video-based training program for the NIHSS has
improved the reliability of the scale and is now standard
practice prior to inclusion into any study [26]. Similarly,
interventional stroke trials require online training and
certification for the Alberta Stroke Program Early CT
score (ASPECTS) after early studies showed insufficient
interrater reliability [27, 28].

The consequences of the deficiencies in the IRR of the
mES are unknown. We found 164 original research arti-
cles referencing the mFS. A substantial portion found the
scale to be an important predictor variable or an adjusted
variable in a predictive model. The reproducibility of
those results may depend on the consistency of mFS
grading across institutions. As trials attempt to enrich
their cohorts for the outcomes of symptomatic vasos-
pasm and DCI [29, 30], having more reliability around
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scoring would be important for clinical trial entry. Spe-
cifically, studies that have focused on subtypes of SAH
using components of the mFS without naming the mFS
(such as a focus on thick clot) [30] showed benefit of
therapy only for this subtype, underlining the importance
of accurate IRR in evaluating scans for therapeutic effect.
Further, the validity of trial results based on mFS with
poor IRR should be evaluated for type II error. Our study
has several limitations. The survey participants were
mostly neurologists with neurocritical care certification.
Others, including neurosurgeons, neuroradiologists, or
non-physicians, may grade the mFS at some institutions.
Although our participants self-identified as being pri-
marily responsible for grading the mFS in their patients,
we cannot be sure that they represent mFS graders at
large. In addition, our participants were relatively inex-
perienced with a median of 5 years of neurocritical care
practice. It is uncertain whether this is problematic.
Others have reported no influence of experience on the
IRR for the mFS [16]. We anticipated a higher response,
though our recruitment methods did not allow for calcu-
lating a true response rate. In order to improve response
rate, we limited the number of CT scans reviewed and
were not able to show all possible visual permutations.
Additionally, our sample was obtained through non-
probability sampling methods. We hypothesize that par-
ticipants were more interested in mFS grading than those
who did not complete the survey and therefore may be
more likely to be familiar with the accurate definitions.
Thus, we do not think that the poor response rate would
bias our results toward lowering the IRR, and those inter-
ested in responding may be more familiar with accurate
definitions biasing results toward a higher IRR, but we
cannot be sure. The survey included videos of scans that
could be scrolled, but did not have available windowing
or measurement tools, though the mFS does not require
measurement to be accurate. However, we did not receive
any feedback from participants that technical factors
impaired their grading.

Conclusion

IRR among raters in grading the mFS is inadequate and
may be related to discrepancies regarding the defini-
tions of the score criteria. The NINDS SAH Common
Data Elements may require further clarification in order
to standardize research in SAH. More importantly, mFS
may become a core tracking metric required for Compre-
hensive Stroke Centers and endorsed by Joint Commis-
sion (like the Hunt and Hess Scale). Many other common
data points such as NIHSS and ASPECTs for ischemic
stroke involve formal standardized training and certifi-
cation with continuing education, especially if the data
are to be used in research. The mFS would benefit from

a similar formalized training program with certification,
and 72% of participants agreed that they would take for-
mal online training. Alternatively, an automated imaging
pipeline capable of more accurately and rapidly meas-
uring cisternal and ventricular hemorrhage may prove
superior in facilitating large cohort studies evaluating
underlying mechanisms of injury. [24].
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