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Abstract

Background/Objectives: Muscle biopsies are requested for the workup of myopathy when less invasive workup is inconclusive. We set forth to build a multivariate
model of preoperative testing to increase the odds of diagnostic and therapeutic yield of a muslce biopsy.

Methods:

A 5-year retrospective chart review of 106 patients who underwent muscle biopsy was performed to evaluate preoperative workup including:

magnetic resonance imaging, electromyography, muscle strength testing and laboratory evaluation including creatine kinase level, lactate level, urine myoglobin,
acetylcholinesterase antibody testing, genetic testing or use of steroids in the preoperative period using Student’s two-tailed t-test, two-tailed Fisher’s exact test and
multivariate regression model.

Results: We found an overall biopsy diagnostic pathologic yield of 47% and therapeutic yield of 88%. None of the variables reached a level of significance of p-value
< 0.05 in univariate testing. In the multivariate model preoperative use of steroids and creatine kinase were the closest predictors of diagnostic and therapeutic yield
but failed to reach statistical significance.

Conclusions: The therapeutic impact of muscle biopsies appears to be much greater than the diagnostic pathologic yield and the therapeutic impact larger than
previously reported when rigorously defined. We were unable to create a statistically significant preoperative predictive model for muscle biopsy diagnostic and

therapeutic yield.

Introduction

Muscle biopsies have a crucial role in the evaluation of
neuromuscular conditions, especially myopathy. The evaluation of
myopathic processes can be lengthy and many times non-definitive due
to the variable, non-focal signs and symptoms on initial presentation
and evaluation. Undergoing specific physical examination [1,2],
laboratory evaluation, electrodiagnostic evaluation [2-4], and imaging
[5] may lead to a diagnosis without need for muscle biopsy. When
workup is nondefinitive a muscle biopsy may be pursued. The current
literature lacks a consistent model to define preoperative factors which
increase diagnostic or therapeutic yield of muscle biopsies.

Muscle biopsies have inherent surgical risks [6] while providing
variable diagnostic and therapeutic outcomes [7-12] and are thus no
pancea. We set out to provide an analysis of frequently encountered
myopathy evaluation techniques and the relationship to diagnostic
biopsy result or therapeutic impact to maximize muscle biopsy utility.

Materials and methods

We performed a single institution chart review for all muscle
biopsies from January 1, 2012 through July 1, 2016. Inclusion criteria
for the chart review were: age 19 years or older at time of the muscle
biopsy (the age of majority in the state of the study) and charted for
Current Procedural Terminology (CPT(R) AMA, 2016) code 20200
(superficial muscle biopsy) or 20205 (deep muscle biopsy). Each
chart identified to match the search criteria was then abstracted for:
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age at biopsy, gender, muscle biopsied, pathology diagnosis from
pathology report, therapeutic implications of the muscle biopsy,
physical exam documentation prior to biopsy, and pre-operative
workup including presence or absence of body magnetic resonance
imaging (MRI) to identify muscle site for biopsy, electromyography
(EMG), creatine kinase (CK) level, lactate level, urine myoglobin level,
acetylcholinesterase antibody testing, use of steroids in the one-month
immediate pre-operative period and any pre-operative genetic testing
relating to the workup of myopathy. Pathology results were captured
as text an element. Pre-operative physical exam, MRI for selection of
biopsy location, EMG, laboratory testing and use of steroids was noted
as either present or absent without regards to the specific levels of the tests.

The endpoints examined were used to build a multivariate model
based on pre-operative workup to determine what aspects of the
preoperative workup are most likely to lead to a higher definitive
pathologic diagnostic yield or therapeutic benefit of the muscle
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biopsy. Definitive pathologic diagnosis was defined as a pathology
report which provided a conclusive result. Definitive pathologic results
identified included: amyloid from multiple myeloma, Becker muscular
dystrophy, consistent with myotonic dystrophy 2, dermatomyositis,
immune myopathy, inclusion body myositis, inflammation consistent
with polymyositis, inflammatory myositis, invasive large B-cell
lymphoma, myeloid sarcoma, mitochondrial myopathy, necrotizing
myelopathy, and polymyositis.

Non-conclusive pathology reports were unable to provide a
definitive pathologic diagnosis. Pathologic results that were non-
definitive included: chronic myopathic changes, end-stage muscle
atrophy, fatty replacement, mild non-specific atrophy, myopathy not
otherwise specified, negative, no diagnostic alterations, non-diagnostic,
possible myopathy, possible neurogenic atrophy, rare macrophages,
scant inflammation, suspicious for microvasculitis, type II atrophy or if
the pathology report included a list of differential diagnoses.

Therapeutic implication of the biopsy was determined by looking
at post-operative notes from the referring service which referred to the
pathology report. Documentation which stated the referring service was
either planning on offering new treatment or stopping or continuing or
modifying current treatment based on the pathology results in context
of the pre-operative workup were considered as positive for therapeutic
implication. If no mention of the pathology report could be identified
or the documentation did not specify changes in treatment course
based on the pathology report then the muscle biopsy was considered
to not have therapeutic implications.

All pathology was scored independently as diagnostic or non-
diagnostic as well as therapeutic or non-therapeutic. In any cases
where discrepancies arose the decision was resolved with group
consensus (KPS and SOT) and documented for future reference and to
help ensure continued consistency.

Continuous variables were analyzed using an independent sample
two-tailed t-test with a predefined alpha of 0.05. Categorical variables
were analyzed using a two-tailed Fisher’s exact test with a predefined
alpha of 0.05. We examined all pre-operative variables with the
outcome variable of definitive pathologic diagnosis and therapeutic
implication of the biopsy. In building our multivariate regression
model we only tested for variables with a univariate p-value < 0.1. We
pre-defined inclusion of variables in a multivariate regression model as
significant if they had a p-value < 0.05. Data was analyzed using SAS
version 9.4 (SAS Institute Inc., Cary, NC) by the statistician.

Prior to identifying charts of interest or commencing chart
abstraction the project received approval from the home institutions
Internal Review Board for protection of human subjects (IRB 502-16-EX).

Results

A total of 106 muscle biopsies were identified. The ages ranged
from 21 to 86 years with a mean of 57.4 years and standard deviation
of 16.9 years. Fifty-five percent of biopsies were from males and 45%
from females. Muscles biopsied were 34 vastus lateralis, 27 quadriceps
(not otherwise specified), 18 deltoid, 9 biceps, 4 rectus femoris, 3 each
of vastus medialis, paraspinous and triceps, 2 gluteus, and one each of
trapezius, hamstring, and gastrocnemius. Neurology requested 68% of
the biopsies, theumatology 29% of the biopsies and family medicine,
oncology and gastroenterology 1% each of the biopsies.

Forty-seven percent of biopsies yielded definitive pathology and
53% of biopsies had non-definitive pathology. The biopsy provided
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therapeutic benefit in 88% of biopsies and no therapeutic benefit in
12% of biopsies.

Table 1 shows the univariate analysis of variables relating to
definitive pathologic diagnosis. Of note, the muscle biopsied variable
had too many categories with small values to perform meaningful or
valid statistical testing. The muscle biopsied is thus assumed to be not
statistically significant. The p-values for the univariate analysis ranged

Table 1. Fisher exact test analysis on predictive value of various sample characteristics on
finding definitive pathology.

Sample Criteria predictive value on Definitive Pathological findings
Patient

Characteristics No Yes
Count Percent Count Percent p-value
Sex 29 53.70% 29 55.70%
Male
Female 25 46.20% 23 44.20% 0.85
Biopsy 14 25.90% 20 38.40%
Vast lateralis
Quad 16 29.60% 11 21.10%
Trap . . 1 1.90%
Deltoid 11 20.30% 7 13.40%
Hamstring . . 1.90%
Gluteal 2 3.70% . .
Vast med 1 1.80% 2 3.80%
Bicep 5 9.20% 4 7.60%
Paraspinalis 1 1.80% 2 3.80%
Rectus femoris 2 3.70% 2 3.80%
Triceps 2 3.70% 1 1.90%
Gastrocnemius . 1 1.90% *
PE weakness 5 9.20% 2 3.80%
No
Yes 49 90.70% 49 94.20%
99 . . 1 1.90% 0.44
CK 3 5.50% 2 3.80%
No
Yes 51 94.40% 50 96.10% 1
Pyruvate 54 100.00% 52 100.00%
No
Lactate 44 81.40% 38 73.00%
No
Yes 10 18.50% 14 26.90% 0.36
Urine myoglobin 53 98.10% 49 94.20%
No
Yes 1 1.80% 3 5.70% 0.36
Acetylcholine abx 30 55.50% 30 57.60%
No
Yes 24 44.40% 22 42.30% 0.85
MRI 40 74.00% 34 65.30%
No
Yes 14 25.90% 18 34.60% 0.4
EMG 12 22.20% 15 28.80%
No
Yes 42 77.70% 37 71.10% 0.51
Steroids 41 75.90% 36 69.20%
No
Yes 13 24.00% 16 30.70% 0.52
Genetic testing 51 94.40% 50 96.10%
No
Yes 3 5.50% 2 3.80% 1

“For biopsy, there were to many categories with small expected cell counts to calculate a
p-value using Fisher’s exact test.
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from 0.36 to 1.00 and none met the 0.1 threshold to be included in a
multivariate model.

Table 2 shows the univariate analysis of variables relating to the
therapeutic benefit of the biopsy. Again noted is the paucity of samples
for some of the muscles biopsied thus no meaningful or valid statistical
testing could be performed for muscle biopsied versus therapeutic
benefit of the muscle biopsy. Muscle biopsied is thus assumed to not be

Table 2. Fisher exact test analysis on predictive value of various sample characteristics on
treatment alterations

Sample Criteria predictive value on Treatment Alterations

Patient
Characteristics No Yes
Count Percent Count Percent p-value
Sex 5 38.40% 53 56.90%
Male
Female 8 61.50% 40 43.00% 0.24
Biopsy 3 23.00% 31 33.30%
Vast lateralis
Quad 5 38.40% 22 23.60%
Trap . . 1 1.00%
Deltoid 4 30.70% 14 15.00%
Hamstring . . 1 1.00%
Gluteal 1 7.60% 1 0.01
Vast med 3 3.20%
Bicep 9 9.60%
Paraspinalis 3 3.20%
Rectus femoris 4 4.30%
Triceps 3 3.20%
Gastrocnemius . 1 1.00% *
PE weakness 1 7.60% 6 6.40%
No
Yes 12 92.30% 86 92.40%
99 . . 1 1.00% 1
CK 2 15.30% 3 3.20%
No
Yes 11 84.60% 90 96.70% 0.11
Pyruvate 13 100.00% 93 100.00%
No
Lactate 9 69.20% 73 78.40%
No
Yes 4 30.70% 20 21.50% 0.49
Urine myoglobin 13 100.00% 89 95.60%
No
Yes . . 4 4.30% 1
Acetylcholine abx 7 53.80% 53 56.90%
No
Yes 6 46.10% 40 43.00% 1
MRI 9 69.20% 65 69.80%
No
Yes 4 30.70% 28 30.10% 1
EMG 4 30.70% 23 24.70%
No
Yes 9 69.20% 70 75.20% 0.74
Steroids 12 92.30% 65 69.80%
No
Yes 1 7.60% 28 30.10% 0.11
Genetic testing 12 92.30% 89 95.60%
No
Yes 1 7.60% 4 4.30% 0.49

“For biopsy, there were to many categories with small expected cell counts to calculate a
p-value using Fisher’s exact test.
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statistically significant. The p-values for the univariate analysis ranged
from 0.11 to 1.00 and none met the 0.1 threshold to be included in a
multivariate model.

Discussion

Our study’s muscle biopsy therapeutic impact findings are notably
higher than previously documented in the literature with 88% of the
biopsies we reviewed demonstrating therapeutic relevance. The muscle
biopsy diagnostic yield finding of 47%, however, remains consistent
with previously reported findings of 13-60% [1,2,4,5,9,10,13,14]. Similar
to the diagnostic yield findings, our evaluation of preoperative factors
and the effect on definitive muscle biopsy pathology and therapeutic
implications did not demonstrate significant findings in what we
believe is the most inclusive study of muscle biopsy preoperative
evaluation techniques to date, albeit not the largest.

Previous changes in treatment based on muscle biopsy are reported
as8.7% [9],19% [15], and 33% [10] compared to our therapeutic yield of
88%. We believe there are multiple factors for this discrepancy. Firstly,
the previous studies only identified changes in treatment. [9,10,15]. We
believe therapeutically important pathologic findings are much more
than those findings that justify changes in treatment. We identified
multiple instances in our data where non-diagnostic pathologic reports
provided additional data which allowed the treatment team to justify
continuation of the current treatment. A second factor which may
contribute to the differences is the time frame of the therapeutic yield.
Many of the notes which referred to the biopsy result occurred weeks to
two months after biopsy. The previous literature does not specify over
what time frame they looked for changes in treatment nor how they
identified treatment changes. This makes it more difficult to compare
our results to the previous literature.

In the aforementioned studies Lai et al. [10] examined a more
limited number of factors than the current study affecting therapeutic
yield of muscle biopsy and found that a normal CK level and negative
family history for myopathy were more likely to lead to therapeutic
implications. Shaibani et al. [2] noted the combination of hyper
CKemia, proximal weakness and myopathic findings on EMG predicted
increased diagnostic yield of muscle biopsies but did not correlate this
to therapeutic implications of the biopsy.

Our inability to associate CK with diagnostic or therapeutic yield
noted in previous literature [2,10] may be multifactorial. Our smaller
sample size than the 258 [10] or 698 [2] biopsies of the other studies
limits our ability to find subtle effects. There is also controversy as to
what CK level is an appropriate threshold. Shaibani et al. [2] compared
mean CK levels of their normal muscle biopsies (1174 TU/L) to the
abnormal muscle biopsies mean CK level (2508 IU/L). This contrasts
to Lai et al. [10] who used a normal CK reference range (24-195 IU/L)
compared to any CK level outside the normal range to find statistical
significance for diagnostic muscle biopsies. This makes it more difficult
to compare between the two studies. Both studies, however, agree the
larger the CK level the more likely there is to be abnormal findings on
the muscle biopsy. Interestingly, neither study analyzes the results if no
CK level is obtained versus obtaining a CK level which our study tried
to answer as 5 of 106 muscle biopsies in our study were performed on
patients without a documented or mentioned CK level preoperatively.

Another potential factor contributing the reported wide range
of diagnostic muscle biopsy yields is the numerous and varying
preoperative evaluation techniques between referring physicians and
the interpretation of these as this is what ultimately lead to biopsy.
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Several publications have evaluated specific preoperative evaluation
modalities [1-4,10] with variable results. While our study did not have
significant findings in regard to preoperative muscle biopsy evaluation
modalities predicting resultant diagnostic pathologic or therapeutically
important biopsies our findings support previous literatures’ variable
results as our evaluation was more inclusive of preoperative evaluation
than previous studies to the best of our knowledge.

Although we failed to find any statistically significant variables in
our univariate model, we performed a post-hoc analysis to examine
the two most likely suspects to affect diagnostic and therapeutic yield:
steroid use and CK testing. In multivariate model analysis neither of
these variables reached a statistical level of significance. Steroid use
in the immediate preoperative period had a 1.394 odds ratio (95% CI
0.590 - 3.289) of affecting diagnostic yield and 5.121 (95% CI 0.624 -
42.002) of affecting therapeutic yield. Likewise CK testing had a 1.426
(95% CI 0.229 - 9.006) odds of affecting diagnostic yield and 5.361 (95%
CI0.756 - 38.032) odds of affecting therapeutic yield for a muscle biopsy.

There are some important limitations to note with our study. Our
study population was adult patients referred to a tertiary academic
center with neuropathologic review of slides which may not be
generalizable to all situations. Additionally our definitions of diagnostic
and therapeutic yield may differ from previous studies. We have tried
to define our criteria for diagnostic and therapeutic yield sufficently to
allow for future comparisons. Our study may be underpowered to detect
subtle differences in results and build a more nuanced predictive model.

Conclusion

We found a higher muscle biopsy therapeutic yield of 88% compared
to previously reported literature. In our analysis of preoperative
factors we were unable to identify a statistically significant model for
prediction of diagnostic or therapeutic yield of muscle biopsies. Our
study bolsters prior literature on the need for further investigation
to examine preoperative factors which affect the diagnostic and
therapeutic yield of muscle biopsies.
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