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Abstract

Objective: The study aimed to determine the accuracy of sonography in diagnosing pyomyositis.

Methods: A retrospective review of pyomyositis cases in a government hospital between January |, 2016 and June
30, 2019 was done. All cases underwent a sonogram for the indication of pyomyositis. Positive purulence for surgical
cases and improved laboratory parameters for conservative cases were confirmatory for pyomyositis. Comparison
with sonographic results using a 2 X 2 contingency table was done to determine sensitivity and specificity.

Results: A total of 122 cases were included. The sonographic results corresponded with 95% of surgical cases and
89% of conservative cases. A lack of false and true negatives for surgical cases resulted in a sensitivity of 100% (95%
confidence interval [CI] = 93%—100%) and a specificity of 0% (95% CI = 0%—71%). In conservative cases, sonography
had a sensitivity of 92% (95% Cl = 82%—97%) and a specificity of 0% (95% Cl = 0%—84%) due to a lack of true negatives.
Conclusion: Sonography is not limited to primarily as a screening tool but a capable diagnostic imaging choice for
pyomyositis, particularly in low-resource settings. The results show the strength of sonography, particularly in the
suppurative stage of pyomyositis.

Key Takeaways

. Localized inflammation, leukocytosis, increased erythrocyte sedimentation rate and c-reactive protein
should warrant a consideration of pyomyositis.

2. Clinical and laboratory findings are complementary to imaging when considering pyomyositis.

3. Sonography is not limited to as primarily a screening tool.

4. Sonography appears to have more utility in the suppurative stage of pyomyositis.
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are immunocompromised or have other serious underly-
ing conditions.>>® The definite pathophysiology is still
unknown but is widely accepted to be hematogenous in
origin. An association between transient bacteremia in
the setting of skeletal muscle injury has been reported.
Local trauma has been suggested as a risk factor in devel-
oping primary pyomyositis with 20%-50% of cases
reporting a history of antecedent trauma to the affected
muscle group.t® Pyomyositis commonly involves the
proximal, large muscles of the lower limb, i.e., quadri-
ceps, glutei, iliopsoas, and gastrocnemius.>>*57 Previous
authors have outlined three stages of pyomyositis: inva-
sive, suppurative, and late. Most patients present and are
diagnosed in the suppurative stage which is characterized
by abscess formation.**8

Establishing a working diagnosis during the invasive
or suppurative stage remains a challenge. Laboratory
investigations are not specific and are rarely helpful in the
diagnosis of pyomyositis with studies show moderate
leukocytosis with a left shift, elevation of erythrocyte
sedimentation rate (ESR) and c-reactive protein (CRP)
and normal muscle enzyme levels.2>*%7 Pyomyositis is
often misdiagnosed because of unfamiliarity with the dis-
ease, atypical manifestations, a wide range of differential
diagnoses, and a lack of early specific signs.>> A delay in
diagnosis can result in increased morbidity and a signifi-
cant mortality rate.>® Aggressive management once diag-
nosed leads to complete recovery without long-term
complications. Serious complications can include local
extension into adjacent bone or joint, compartment syn-
drome, remote infection such as myocarditis, lung and
brain abscess, eventual sepsis, and death. Reports of mor-
tality rates differ from 0.5% to 2%,* 0.9% to 10%,° and
<1% to 4%.%°

Imaging is valuable due to the lack of specific clinical
and laboratory findings in pyomyositis. Of particular
importance is the presence of fluid or abscess collection
that will stage the disease and determine the treatment
plan. Magnetic resonance imaging (MRI) is established
as the imaging modality of choice in the workup of mus-
culoskeletal infections.®*12 Specifically for pyomyositis,
MRI is the imaging gold standard.?®71314 Other studies
further specify the advantage of MRI in determining pyo-
myositis in specific regions of the body such as the lum-
bar region and pelvis,*** hip,'¢ and spine.l” Magnetic
resonance imaging is considered an advanced imaging
tool and is the investigation of choice in developed coun-
tries.! Despite the established advantages of MRI in diag-
nosing acute musculoskeletal infections at 97% sensitivity
and 92% specificity,!* the availability and accessibility of
this modality in low-resource areas remains a problem.
This warrants attention since the burden of disease of
pyomyositis still falls primarily on the tropical low-
resource areas. Most studies on the utility of sonography

in pyomyositis are from an emergency point-of-care sys-
tem in high-resource settings where a sonogram functions
as an initial screening tool.*>"812 |n this setting, when
sonographic features are suggestive of pyomyositis,
advanced imaging with computed tomography (CT) or
preferably MRI is then generally pursued. However, in
low-resource settings, sonography functions as the pri-
mary and sole diagnostic imaging tool to establish pyo-
myositis.'® Previous studies have established the
sensitivity and specificity of sonography in detecting skin
and superficial soft tissue abscess formation.t8-2t
However, the sensitivity and specificity of sonography
for detecting abscesses in deeper soft tissues and muscle,
particularly pyomyositis, have not been described.

Despite the advancements of CT and MRI, the value
of sonography in diagnosing pyomyositis is maintained
since most patients seek consult during the suppurative
stage with the onset of fluid collection or abscess forma-
tion. Pyomyositis, even with fluid collections, can easily
be missed on clinical evaluation and sonography pro-
vides a relatively sensitive means for detection.!®
Sonography can also aid in excluding some differentials
including superficial infection, i.e., cellulitis or cutane-
ous abscess.’

Regardless of the chosen imaging modality, histopath-
ologic evidence remains the gold standard for diagnosing
pyomyositis. Aspiration of pus from muscle or muscle
biopsy with culture and tissue staining in cases of absent
macroabscesses is considered confirmatory.* However,
conservatively managed patients with imaging findings
of pyomyositis are signed off as pyomyositis when clini-
cal signs and laboratory parameters improve with antibi-
otic treatment.

The accuracy of sonography in diagnosing pyomyosi-
tis in low-resource settings warrants further investigation,
with most of the cases still in tropical low-resource set-
tings, further establishing the capability of sonography in
diagnosing pyomyositis is of primary value. The general
objective of the study was to determine the accuracy of
sonography in diagnosing pyomyositis. Comparison of
sonographic findings with cases treated surgically and
cases treated conservatively was done.

Methodology

This retrospective study was approved by our Institutional
Ethics Review Board. Informed consent was waived for
this study with patient and data privacy safeguarded as no
identifying data were included in this publication. A ret-
rospective medical chart review was done for this study
using a International Classification of Diseases, Tenth
Revision (ICD-10) diagnosis search. Cases with an admit-
ting diagnosis of pyomyositis managed in the study hos-
pital were sourced from the medical records section. The
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Figure |. Process of inclusion into the study. MSK-US, Musculoskeletal Ultrasonography; ICD-10, International Classification of

Diseases, Tenth Revision.

search included cases admitted from the period of January
1, 2016 to June 30, 2019. A total of 342 cases with an
admitting diagnosis of pyomyositis were tagged for chart
retrieval. The inclusion/exclusion criteria were as fol-
lows: inclusion to the study needed a referral to
Musculoskeletal Ultrasonography (MSK-US) Section of
the study hospital Rehabilitation Medicine Department
with an initial diagnosis of pyomyositis to undergo a
diagnostic MSK-US, an official MSK-US diagnosis writ-
ten in the chart signed by the MSK-US Consultant-in-
charge and one of two determined exposures as the
reference standard. The exposure for surgically treated
cases was the Operative Technique of the surgical proce-
dure done on the same muscle group referred for MSK-US
where the surgery must have been done after MSK-US
results are released. The exposure for the conservatively
treated cases were the laboratory parameters. Cases were
excluded when the MSK-US procedure was done outside
the study hospital Rehabilitation Medicine Department;
there was previous diagnostic imaging done including
MRI or MSK-US on the same muscle group leading to
present admission or previous diagnostic aspiration/sur-
gical procedure done on the same muscle group leading
to present admission. Only 263 physical charts were
retrieved from the records section which then underwent

eligibility assessment using the inclusion/exclusion crite-
ria. A total of 122 cases underwent a diagnostic musculo-
skeletal sonogram procedure in the Rehabilitation
Medicine Department of the study hospital, and of these,
57 cases underwent surgery. Presence of purulent dis-
charge as described in the intraoperative findings was
confirmatory for pyomyositis. The remaining 65 cases
represented conservatively treated cases. Presence of
improved laboratory parameters with antibiotic treat-
ment alone was determined to be diagnostic for pyomyo-
sitis. Both sets of cases were included as primary data.
Figure 1 illustrates the process of inclusion and
exclusion.

Demographic data, clinical characteristics, laboratory
parameters, the MSK-US result, and intraoperative find-
ings were all obtained. Specifically, the following data
points were extracted: age, sex, date of admission and dis-
charge, length of symptoms before consult, history of
trauma, history of manipulation, muscle group affected,
comorbidities, clinical findings (presence of fever
[=37.8°C], presence of tenderness, swelling, redness, or
warmth), admission and discharge laboratory parameters
(white blood cell [WBC] count, ESR, and CRP), and the
surgical procedure with intraoperative or histopathology
findings. Presence of purulent material as described in the
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intraoperative findings or suppurative inflammation under
histopathology findings was noted. Manipulation is defined
in the study as manual manipulation/deep massage of the
tender area by a local healer or a family member to suppos-
edly alleviate symptoms; this is a popular form of tradi-
tional medicine in the study setting. This is done with or
without a liniment where the liniment is either a home-
made tincture using herbal leaves or an over-the-counter
liniment. The number of manipulation sessions differ and
may include areas distant to the affected area. Data
extracted on the MSK-US finding only indicated whether
the case is positive or negative for pyomyositis, relying
solely on the written results as seen in the medical chart.
Other concomitant pathologies noted during sonographic
exams were tallied as well. All MSK-US reports in this
study were produced by either one of two consultants with
at least 5 years of experience in MSK-US. No review of
sonographic images was done in this study. A Microsoft
Excel 2013 file was used as the data collection file format.
The same program was used for statistical analysis which
included frequency, mean, and standard deviation.

For assessing the diagnostic accuracy of MSK-US, a
2 X 2 contingency table was used to determine the sensi-
tivity, specificity, and likelihood ratios. For surgically
treated cases, the MSK-US result was compared with
intraoperative findings, while for conservatively treated
cases, the MSK-US result was compared with laboratory
parameters.

Results

The results represent the two data sets combined, result-
ing in a total of 122 cases (57 with surgery, 65 without
surgery). The 122 cases represent cases that underwent an
MSK-US procedure.

Demographic and Clinical Characteristics

Table 1 shows a high prevalence of trauma as well as
manipulation. For cases without trauma, 53% underwent
manipulation of the tender area which may be interpreted
as a form of trauma. Accordingly, this increases the prev-
alence of trauma to 89% of the sample size. It is impor-
tant to note that in all cases, the area of trauma
corresponded to the symptomatic area on admission.
Inflammatory signs were vastly prevalent at 99% versus
documented/undocumented fever. Tenderness, redness,
swelling, and warmth may or may not have occurred
simultaneously at the time of admission.

Only three cases (two hypertension and one diabetes
mellitus) had listed lifestyle co-morbidities which reflect
the young age group primarily affected by the disease. In
one case, a 26-year-old had a comorbidity of pulmonary
tuberculosis diagnosed during hospital stay.

Table 1. Demographic and Clinical Characteristics.

Frequency and Percent

Male 90 (74%)
History of trauma 95 (78%)
History of manipulation 80 (66%)
History of fever 72 (59%)
Signs of inflammation 121 (99%)
M and SD
Age, y 10.04 (12.13)
Length of hospital stay, d 17.43 (9.09)
Length of symptoms 10.71 (8.65)

before consult, d

Italic terms were for highlighting the percentages.

Muscles With Pyomyositis

A total of 117 cases were diagnosed using MSK-US to
have pyomyositis. Table 2 tallies individual muscles
affected wherein one case may have more than one
muscle affected. When tallied as muscle groups, the
quadriceps (26%), gluteals (24%), and shoulder girdle
(20%) muscle groups were the most commonly affected.

Of the 117 cases diagnosed with pyomyositis, 22
cases had a single muscle affected and 44 cases had a
single muscle group affected. Fifty-one (51) cases had
multiple muscle groups affected where the common pat-
tern observed was a simultaneous affectation of adjacent
muscle groups. In six of the 51 cases, separate and dis-
tant muscle groups were affected simultaneously.

Laboratory Parameters

Admission and discharge WBC, ESR, and CRP values
are shown in Table 3.

Table 4 displays the same laboratory parameters, how-
ever, with further consideration to whether the results
normalized, displayed a decreasing trend since admis-
sion, no change from normal admission status or worsen-
ing. No case was observed to have started with elevated
values then discharged with an increasing trend. Improved
cases are patients with either a normal value or a decreas-
ing trend on discharge. Consequently, all three parame-
ters have comparable improved cases tallies of 111 for
WBC, 118 for ESR, and 115 for CRP. Each laboratory
parameter had two cases discharged with elevated results.
The elevated values in these six cases occurred sepa-
rately. These six cases were discharged as improved cases
of pyomyaositis since the other two parameters have either
normalized or showed a decreasing trend that indicated
an improving case, and in addition, parameters were
interpreted as a whole together with improving clinical
signs prior to discharge.
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Table 2. Individual Muscles Affected by Pyomyositis
Diagnosed Using MSK-US, n = 117.

Brachioradialis
Foot intrinsics
Coracobrachialis
SCM
Paralumbars

Frequency

Gluteus medius 23
Vastus lateralis 22
Gluteus maximus 22
Vastus intermedius 20
Vastus medialis 19
Rectus femoris 18
Gluteus minimus 16
TFL 14
Adductors 12
lliopsoas 12
Biceps femoris 12
Semitendinosus 12
Gastrocnemius 12
Biceps I
Sartorius Il
Semimembranosus 10
Soleus 9
Extensor forearm 8
Brachialis 7
Flexor forearm 7
Deltoids 7
Trapezius 7
Infraspinatus 6
Pectorals 6
Triceps 5
Tibialis anterior 5
Peroneals 4
Pectineus 3
Gracilis 3
Deep posterior hip muscles 3
Teres muscles 3
Psoas 2
Supraspinatus 2
Paracervicals 2
Parathoracics 2
Latissimus dorsi 2
Rhomboids 2

|

|

|

|

|

Abbreviations: MSK-US, Musculoskeletal Ultrasonography; SCM,
sternocleidomastoid; TFL, tensor fascia latae.

Surgical Procedures

Fifty-seven (57) cases, representing 47% of all cases,
underwent a surgical procedure with all undergoing inci-
sion and drainage except for one case where percutane-
ous aspiration was done. Fifty-four (54) cases displayed

Table 3. Admission and Discharge Laboratory Parameters.

Frequency
Admission (N = 122)
WBC
Elevated 111 (91%)
Normal Il (9%)
ESR
Elevated 118 (97%)
Normal 4 (3%)
CRP
Elevated 115 (94%)
Normal 7 (6%)
Discharge (N = 122)
WBC
Elevated 42 (34%)
Normal 80 (66%)
ESR
Elevated 117 (96%)
Normal 5 (4%)
CRP
Elevated 42 (34%)
Normal 80 (66%)

Abbreviations: CRP, c-reactive protein; ESR, erythrocyte
sedimentation rate; VWWBC, white blood cell.
Italic terms were for highlighting the percentages.

intraoperative findings ranging from purulent to seropu-
rulent discharge with 46% having necrotic tissue
described. These intraoperative findings, as a reference
standard, were confirmatory for pyomyaositis. Three (3)
cases were negative for discharge or gross muscle pathol-
ogy intraoperatively, hence were considered negative for
pyomyositis. Only nine out of 54 cases with gross pyo-
myositis were sent for histopathology evaluation, all of
which had confirmation of pyomyositis where findings
ranged from acute to chronic suppurative inflammation
or acute to chronic inflammation and with or without
presence of granulation tissue.

Other Pathologies

Cellulitis was noted in 28 cases and was the most com-
mon pathology diagnosed together with pyomyositis on
MSK-US scanning. Other pathologies in decreasing fre-
quency were hip effusion (8), chronic osteomyelitis (5),
elbow effusion (4), knee effusion (4), knee bursitis (2),
and subcutaneous abscess (1). All pathologies seen were
adjacent to the muscle group with pyomyositis.

Diagnostic Results

Shown below are two separate 2 X 2 contingency tables
to assess the diagnostic accuracy of MSK-US. Important
to note that an MRI result was to be included as the
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Table 4. Admission and Discharge Laboratory Parameters.
Frequency Frequency
WBC
Elevated on Admission Normal on Admission
Normal on Discharge 71 No change on Discharge 9 80
Decreased on Discharge 40 Elevated on Discharge 2 42
Improved cases I I 122
ESR
Elevated on Admission Normal on Admission
Normal on Discharge 3 No change on Discharge 2 5
Decreased on Discharge 115 Elevated on Discharge 2 117
Improved cases 118 4 122
CRP
Elevated on Admission Normal on Admission
Normal on Discharge 75 No change on Discharge 5 80
Decreased on Discharge 40 Elevated on Discharge 2 42
Improved cases 15 7 122

Abbreviations: CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell.

Table 5. Combined Contingency Tables Showing MSK-US Result Comparison With Two Reference Standards, Intraoperative
Findings (Surgically Treated) and Laboratory Parameter Improvement (Conservatively Treated).

Surgically Treated, n = 57

Conservatively Treated, n = 65

Intraoperative
Findings (Positive)

Intraoperative
Findings (Negative)

Laboratory Parameters
Improvement (Positive)

Laboratory Parameters
Improvement (Negative)

MSK-US (positive) 54 3
MSK-US (negative) 0 0

58 2
5 0

Abbreviation: MSK-US, musculoskeletal ultrasonography.

imaging reference standard for this study; however, as
data were collated, only one case underwent an MRI,
hence its exclusion in the data analysis.

Based on Table 5, the sensitivity of MSK-US for sur-
gically treated cases was 100% (95% confidence inter-
val [CI] = 93%-100%). Specificity was 0% (95% CI =
0%-71%). The positive likelihood ratio was 1. The neg-
ative likelihood ratio was undetermined, whereas pre-
dictive values were not included as the sample size did
not reflect disease prevalence and furthermore, no data
on local disease prevalence were available. For conser-
vatively treated cases, the sensitivity of MSK-US for
pyomyositis was 92% (95% ClI = 82%-97%).
Specificity was 0% (95% CI = 0%-84%). The positive
likelihood ratio was 0.92. The negative likelihood ratio
was undetermined, whereas predictive values were also
not applicable. All five cases with negative MSK-US
findings improved without undergoing surgery. The lab-
oratory parameter tallies shown in Table 5 are for WBC
and CRP values as both had identical tallies. The tally
for ESR values had 59 true positives and one false posi-
tive; nevertheless, the resulting calculations revealed
the same percentages and ratio.

Despite deficiencies in the contingency tables that led
to extreme values, it is worth noting that MSK-US was
able to correctly identify abscess formation within muscle
in 95% of cases that had surgery (54 out of 57 cases). For
cases that underwent conservative treatment, MSK-US
was able to correctly diagnose pyomyositis in 89% of
cases (58 out of 65 cases).

Discussion

The demographic characteristics observed in the study
including a high male prevalence and a predilection for
pediatric patients reflect that of previous investigations
on pyomyositis.>3*14 However, male to female ratio dif-
fers between studies. The male to female ratio in this
study was approximately 3:1 compared with other studies
at 2:12 and 1.5:1.# Most of the pyomyositis case reports
encountered on literature review also reveal the same
trend of young male patients.®91113.16.17

Trauma with transient bacteremia has been reported to
be one of the risk factors for infection to develop in gen-
erally resistant skeletal muscle. History of antecedent
trauma to the affected muscle group ranges from 20% to
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50% of cases in previous studies.® In the study, anteced-
ent trauma was present in 78% of cases; this increases to
89% if manipulation is included as a form of trauma. The
pathogenesis of pyomyositis remains unclear, however is
widely accepted to be hematogenous in origin. A review
article by Chauhan et al* proposed that in a healthy state,
the sequestration of iron by myoglobin imparts the resis-
tance of skeletal muscle to infection. However, when
trauma occurs, iron is dislodged and now becomes avail-
able for bacteria to proliferate that consequently leads to
pyomyositis.* The high prevalence of trauma observed in
the study is seen as contributory to this proposed
pathogenesis.

Fever is considered a feature of pyomyaositis; however,
its presence or absence and pattern is determined by the
disease stage at presentation. The invasive stage usually
presents with a variable fever, whereas the suppurative
stage is characterized by high fever.2# Study results showed
that fever was present in 59% of cases compared with signs
of inflammation which were present in 99% of cases.
Important to note that a few cases presented with only one
or two of the four inflammation signs. As such, a combina-
tion of fever and local signs of inflammation should war-
rant consideration of pyomyositis as a differential.

The mean length of symptoms before consult of 10.71
days corresponds to when previous authors describe the
transition from the invasive stage to the suppurative
stage. Most patients consult and are diagnosed with pyo-
myositis in the suppurative stage which ranges from 10 to
24 days from the invasive stage.?* Previous studies
described differing mean duration of symptoms before
hospitalization of 24, 12, and 6.2 days.? Despite the vari-
ability of results across studies, the majority fall within
the described suppurative stage range. These results sug-
gest that knowledge of disease presentation and staging is
important when considering a diagnosis of pyomyositis.
The mean length of hospital stay of 17.43 days also cor-
responds to the length of intravenous antibiotics with oral
antibiotics prescribed on discharge as take-home medica-
tion for another 1 or 2 weeks depending on the initial
clinical severity and patient status on discharge. The
study mean of 17.43 days of intravenous antibiotic treat-
ment fall within what two case series describe where the
antibiotic treatment duration ranged from 2 to 6 weeks,
beginning initially with intravenous antibiotics then tran-
sitioning to oral antibiotics upon discharge.>*? Despite
the average range of treatment duration reported, there is
still no specific treatment duration established for
pyomyositis.»27

The muscles involved in this study, either taken indi-
vidually or as a group, are similar to previous reports
where the large muscles of the lower limb are commonly
affected, with the quadriceps and gluteus muscles the two
most commonly affected muscle groups.*?57 The upper

limb muscle is also often affected, with the pectorals
being commonly encountered; however, in this study, the
biceps muscle was the most commonly affected upper
limb muscle. Most of the pyomyositis cases affect a sin-
gle muscle group, with percentages ranging from 60%%*
to 75%.% The study results, though comparable, showed a
slightly lower percentage, with 56% of cases showing the
same affectation pattern. When comparing occurrences of
multiple muscle group involvement, the study result was
slightly higher at 44% compared with previous studies
that report it only as high as 40%.%*

All MSK-US diagnoses of pyomyaositis in this study
were guided by sonographic features that have been pre-
viously described. The appearance of muscle tissue with
suspected pyomyositis corresponds to either the invasive
or suppurative stage. In the invasive stage, diffuse mus-
cle swelling with edema is seen, where edema can pres-
ent as diffuse muscle hyperechogenicity with or without
localized ill-defined hypoechogenicity and diffuse
hyperemia.*>?? Figure 2 shows a case of pyomyositis in
the invasive stage.

As the disease progresses into the suppurative stage, a
muscle abscess forms. Abscess echogenicity varies from
hypoechoic to isoechoic or hyperechoic depending on
location, maturity, and contents, with an associated poste-
rior acoustic enhancement that is indicative of a fluid
component. Abscess margins may be well circumscribed
or blend with the surrounding tissues with color Doppler
imaging revealing hyperemia of these margins or the
adjacent surrounding tissue.'®??> Dynamic evaluation of
the soft tissues via sonopalpation, which is unique to
sonography, is useful to reveal motion of the liquefied
purulent material.”*® Figures 3 and 4 show pyomyositis
in the suppurative stage.

The laboratory parameters in this study showed a
commonality among WBC, ESR, and CRP on admis-
sion where most of the cases had elevated values; on
discharge, only WBC and CRP were comparable in the
tallies of normalized values. The high prevalence of
elevated ESR values on discharge reflects the normal
physiology of elevated ESR where it remains elevated
for weeks after resolution of inflammation, whereas
CRP normalizes within 3 to 7 days.? The timing of nor-
malization for both reactants varies per type of infec-
tion, but regardless of the infection severity and type,
CRP normalizes earlier than ESR.

The results shown in Tables 3 and 4 reflect treatment
practices in a low-resource setting wherein the decision
to discharge a patient does not solely rely on attaining
normal laboratory parameters. Maintaining a clinical eye
in conjunction with equitable use of resources remains an
essential skill in this setting. In summary, both tables
showed that most of the cases had elevated WBC (91%),
ESR (97%), and CRP (94%) values on admission. On
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Figure 2. Pyomyositis, invasive stage, short-axis view of right adductor longus. A 3-year-old boy presenting with localized
swelling, tenderness, and erythema at the right proximal antero-medial thigh with history of blunt trauma and manipulation.
Sonography shows an enlarged and edematous right adductor longus (arrows) with diffuse hyperechogenicity and sparse
hypoechoic areas. Color Doppler shows diffuse hyperemia. Sonopalpation showed no movement of fluid or debris. The left side
shows the unaffected adductor longus (open arrows) size and echotexture.

Figure 3. Pyomyositis, suppurative stage, short-axis view

of right gluteal muscles. A 4-year-old boy presenting with
diffuse swelling, tenderness, and erythema at the right gluteal
and paralumbar area with history of fall and manipulation.
Ultrasound shows a large intramuscular predominantly
hypoechoic complex fluid collection with punctate hyperechoic
echoes affecting the gluteus maximus and medius. Adjacent
muscle fibers appear echogenic and edematous with hyperemia.
Color flow is not present within the fluid collection.
Sonopalpation showed movement of fluid and debris.

discharge, the same percentages were observed per
parameter as improved cases. The high prevalence of leu-
kocytosis, elevated ESR and CRP on admission were all

T 7 e e _’hi:'-""-*-—"w:_
B X ——— = M

Figure 4. Pyomyositis, suppurative stage, short-axis

view of right paralumbars. The same patient described in
Figure 3 is shown here. Ultrasound shows an intramuscular
complex fluid collection affecting the right paralumbars.
This collection was seen communicating with the previously
described gluteal complex fluid. Adjacent muscle fibers
appear echogenic and edematous with hyperemia.
Sonopalpation showed movement of fluid and debris. The
left side shows the unaffected paralumbar muscle size and
echotexture. SP, spinous process.

reported by previous studies; however, these studies also
maintain the nonspecificity of laboratory findings.12457
Despite its nonspecificity in diagnosing pyomyositis,
these parameters are considered valuable as an adjunct to
clinical judgment and in monitoring response to
treatment.

The decision to proceed with surgical drainage of an
abscess in pyomyositis depends on the disease stage at
presentation.2® Forty-seven percent (47%) of cases
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underwent drainage which suggests a case admitted in the
suppurative stage of the disease pending confirmatory
intraoperative findings. All surgical procedures done in
this study were done after the release of MSK-US results,
where presence or absence of an abscess was described.
Absence of an abscess in scanning suggests a case pre-
senting in the invasive stage. These cases represent those
that underwent conservative treatment with intravenous
antibiotics. It is important to note, however, that not all
cases with MSK-US determined abscesses underwent
drainage in this study as the decision to proceed with sur-
gical drainage was based as well on present clinical and
laboratory status and ultimately on the discretion of the
attending physician. Comegna et al?> mentioned that in
many series, despite abscess formation in some patients,
neither surgical nor percutaneous drainage is needed.
Regardless of current practices, the role of imaging, par-
ticularly MSK-US, in guiding management remains
unchanged and vital. Imaging functions in establishing a
working diagnosis, disease staging, and treatment plan-
ning. Early recognition and initiation of proper manage-
ment leads to faster recovery and better outcomes. In
addition, prompt diagnosis followed by early initiation of
intravenous antibiotics can prevent abscess formation
and avoid surgical drainage.?®

Histopathologic evidence remains the gold standard
for diagnosing pyomyositis. Both gross evidence of pus
or muscle biopsy showing edematous fibers and suppura-
tive inflammation are confirmatory.* In the study, only
nine out of 54 cases with gross pyomyositis had samples
sent for histopathologic study. These nine cases represent
physician discretion where either doubtful intra-operative
findings or absent macroabscess was encountered. This
also reflects the study hospital practice and low-resource
setting wherein histopathologic study is not routinely
done especially for cases that already revealed gross pus
formation.

The other pathologies noted during MSK-US scanning
reflect the common differential diagnoses grouped
together with pyomyositis. The presence of these patholo-
gies can indicate progression of pyomyositis, a coexisting
pathology or a preexisting pathology. Progression can be
via direct extension in the form of cellulitis, subcutaneous
abscess, and osteomyelitis. Progression can also take the
form of reactive inflammation of adjacent joints manifest-
ing as effusion, bursitis, or septic arthritis. An impression
of chronic osteomyelitis was made when abscess forma-
tion was seen adjacent to bony cortices with periosteal
reaction or cortical irregularities. These represent cases
with either delayed consults or a misdiagnosis from other
clinics. All five cases with a consideration of chronic
osteomyelitis had a mean length of symptoms before con-
sult of 32.50 days, compared with the study mean of 10.71
days. Development of osteomyelitis is one of the compli-
cations of a delayed diagnosis. The presence of other

pathologies identified by MSK-US reinforces its utility
not only in ruling out differentials but also in indicating
the need for further imaging especially in osteomyelitis or
an adjunct diagnostic investigation such as joint fluid
analysis in cases with effusion.

Testing the diagnostic accuracy of MSK-US was the
general objective of the study. However, when com-
pared with intraoperative findings, a lack of false nega-
tives and true negatives was encountered that led to
extremes of sensitivity (100%) and specificity (0%).
The unlikely results were attributed to inherent limita-
tions of a retrospective study and the small sample size.
For cases that underwent conservative treatment, a tally
for false negatives was observed; however, there was
still a lack of true negatives. The sensitivity in this case
was 92% with the specificity remaining at 0%. The sen-
sitivity and specificity of MSK-US for detecting
abscesses in deeper soft tissue and muscles, in particular
pyomyositis, have not been described. Previous studies
have established the diagnostic strength of MSK-US for
superficial soft tissue abscess formation. These studies
showed different values, sensitivity 98% and specificity
88%,'8 96.7% and 85.7%,° 97% and 83%,% and, 65.9%
and 94%,* respectively. Comparing those with the
study results, the calculated sensitivity of 92% (vs
improved laboratory parameters) and 100% (vs intraop-
erative findings) was comparable with the sensitivity
established by three of the four studies. Although the
high sensitivity values were for superficial soft tissues,
the study points to the potential strength of MSK-US for
identifying pyomyositis. The higher measures obtained
by comparison with intraoperative findings (surgical
cases) versus laboratory parameters (conservative cases)
points to the relative strength of sonography in detecting
abscess formation or fluid collection in the suppurative
stage of pyomyositis.'® Cases that present in the inva-
sive stage are also the cases that are treated conserva-
tively. At this stage, sonography appears to have less
ability to establish pyomyositis when compared with its
ability to detect an abscess in the suppurative stage as
results have shown in this study. Nevertheless, both sets
of results still represent high values and are considered
preliminary at this point.

Determining the true diagnostic strength of MSK-US
was undermined by inherent data deficiencies; however,
the utility and diagnostic value of sonography was clearly
observed in the study. Only one case had an MRI done
which reflects a common problem in low-resource set-
tings, despite MRI remaining as the imaging gold stan-
dard for pyomyositis.?671314 The study results have
shown that sonography has functioned not only as an ini-
tial screening tool but also as the sole imaging choice
when managing pyomyositis. Easy access, a shorter pro-
cedure time and lower cost are inherent advantages of this
modality. The utility of sonography is seen in its ability to
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exclude differentials, establish a diagnosis, and guide
early initiation of treatment.

Limitations

A small sample size, presence of bias, data availability
problems, and a retrospective design were the identified
limitations. The small sample size was attributable to a
combination of factors. These included record keeping and
retrieval problems, pyomyositis management in the study
hospital where MSK-US referrals are only beginning to
become routine, and inherent referral system gaps. These
resulted in a total of 204 cases that would have contributed
to the quality of the results. The authors of the study are
certain that case numbers will improve as attending physi-
cians recognize MSK-US as a valuable tool. This outlook
is encouraged by an increasing trend of MSK-US referrals
since the availability of an ultrasound machine in the study
hospital in 2015. Missing data and reliance on written data
records were encountered in this study, both of which are
inherent problems for retrospective chart reviews. The lack
of interobserver data wherein only one performer of the
MSK-US was involved affects the strength of the data
obtained. In addition, being a retrospective study, the lack
of exposure blinding and uncertainty as to how the scans
were performed may have led to significant diagnostic
bias. Deficiencies with sonographic image storage and
retrieval were contributory to the exclusion of an interob-
server interpretation comparison in the methodology.

Recommendations

A larger sample size is recommended to improve the
validity of the results. Overall improvement of data
retrieval and storage and establishment of a pyomyositis
referral system is likewise needed. Incorporation of
exposure blinding and implementation of interobserver
comparison using sonographic images are warranted to
eliminate bias and improve data quality. A prospective
study design will best accommodate all recommenda-
tions for future studies.

Conclusion

Musculoskeletal ultrasonography is a valuable imaging
modality for diagnosing pyomyositis. Its value is not
limited to as primarily a screening tool but as a capable
diagnostic imaging choice, particularly in low-resource
settings. The results provide preliminary data on the
strength of sonography, particularly in the suppurative
stage of pyomyositis. However, further research is needed
to determine the true diagnostic accuracy of sonography
in pyomyositis.
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