
Introduction
Necrotizing soft-tissue infection (NSTI) is a life- and limb-
threatening diagnosis with an annual incidence of 10 
cases/100,000 persons and in-hospital mortality up to 20% [1, 2, 
3]. Although classic signs include bullae, skin necrosis, crepitus, 
and radiographic emphysema [4, 5, 6], these are absent in more 
than one-half of patients [4, 5, 7]. While clinical risk instruments, 
such as the laboratory risk indicator for necrotizing fasciitis 
(LRINEC) score, can aid in diagnosis [8], clinical suspicion 
takes precedent in diagnosis and management [7]. Emergent 

operative exploration is considered standard of care to exclude 
NSTI [7]. However, operative debridement is not benign, and 
amputation, performed in up to 25% of cases, is exceedingly 
morbid [2, 3, 4, 5, 6, 7, 8, 9].
Intra-articular gas and soft-tissue emphysema are commonly 
associated with NSTI [6], particularly in patients with comorbid 
conditions, hemodynamic instability, and poor infectious 
control. However, they may also be observed after traumatic 
arthrotomy, joint dislocation, and prior instrumentation. We 
present a case of a critically ill patient with multiple possible 
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Introduction: Necrotizing soft-tissue infection (NSTI) is a life- and limb-threatening diagnosis, warranting careful evaluation. However, intra-
articular gas and soft-tissue emphysema, which are commonly associated with NSTI, may also be observed after traumatic arthrotomy, joint 
dislocation, and prior instrumentation.
Case Report: We present a 59-year-old woman in extremis from septic shock with left glenohumeral joint pneumarthrosis and emphysema 
extending to her posterior scapular musculature. While concerning for NSTI, physical examination was discordant. Review of pre-transfer 
documentation revealed prior instrumentation with an intraosseous line that pierced the left acromion process and violated the glenohumeral 
joint space.
Conclusion: NSTI is a critical diagnosis, particularly in the sick patient with hemodynamic instability, poor infectious source control, and soft-
tissue emphysema. Discordant physical examination should raise suspicion for other etiologies such as traumatic arthrotomy, joint dislocation, 
or recent instrumentation.
Keywords: Necrotizing soft-tissue infection, intraosseous access, source control.

Abstract

Learning Point of the Article:
Orthopaedic surgeons on call should thoughtfully consider and thoroughly evaluate a patient for the causes of pneumarthrosis when 

consulted for NSTI.

Exclusion of Necrotizing Soft-tissue Infection in a Patient with 
Malpositioned Intraosseous Access: A Case Report
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sources of sepsis and suspicion for NSTI of the upper extremity. 
However, outside hospital imaging revealed an intraosseous 
line improperly placed through the patient’s left acromion into 
the left glenohumeral joint, offering an etiology for the deep 
tissue emphysema. To our understanding, this is the first case 
describing a suspected NSTI able to be excluded clinically due 
to malpositioned intraosseous vascular access.
Institutional Review Board approval was obtained as the patient 
was unable to provide informed consent.

Case Report
A 59-year-old, right-hand-dominant woman presented as a 
hospital transfer to the medical intensive care unit of an urban, 
quaternary academic referral center in extremis and septic 
shock of uncertain etiology and duration of 1 day. She initially 
presented to an outside emergency department from her long-
term care facility with altered mental status and hypotension. 
Initial vital signs and laboratory values at our institution are 
presented in Table 1. Early diagnosis of sepsis or septic shock is 
crucial for prompt initiation of treatment. Time to 
antimicrobial therapy administration has been reported to be 
one of the most important interventions that decrease mortality 
in septic patients [10]. Norepinephrine, vasopressin, 
piperacillin-tazobactam, and linezolid were administered 
before transfer. Zosyn and vancomycin were administered again 
upon arrival to our facility. The patient was observed to be in a 
hyperosmolar hyperglycemic state with lactic acidosis and 
noted to have several possible infectious sources, including a 
S t a g e  I V  s a c r a l  d e c u b i t u s  u l c e r ,  m a l p o s i t i o n e d 
gastrojejunostomy tube, urinalysis demonstrating urinary tract 
infection (UTI) (with history of vancomycin-resistant 
enterococcal UTI), and chest imaging consistent with 
pneumonia. Computed tomography (CT) of the chest was also 
notable for glenohumeral pneumarthrosis with extension of 

deep tissue emphysema to the posterior 
scapular musculature concerning for 
necrotizing soft-tissue infection (Fig. 1a, b, 
c, d). The LRINEC score [8] was 9 - scores 
of 8 or higher have been shown to be 
associated with NSTI, but its positive 
predictive value is reported to be 35% 
[11,12]. Given the patient’s hemodynamic 
instability, lack of infectious source 
control, LRINEC score, and imaging 
findings, orthopedic surgery was consulted 
to exclude left upper extremity NSTI.
The patient had a past medical history of 
Type 2 diabetes mellitus and cerebral 
autosomal dominant arteriopathy with 
s u b c o r t i c a l  i n f a r c t s  a n d 

leukoencephalopathy (CADASIL). CADASIL is a genetic 
disorder that leads to cognitive decline due to microvascular 
ischemic changes and large territory cerebral infarcts [13], 
w hich,  in  thi s  pat ient ,  led  to  dysphag ia  requir ing 
gastrojejunostomy tube placement, aphasia, mutism, 
quadriplegia, and vascular dementia.
Clinical examination of the left upper extremity was notably 
benign (Fig. 2) without erythema, bullae, induration, crepitus, 
or notable wounds. Due to her mental status, sensorimotor 
examination could not be obtained, but distal pulses were 
palpable, and passive movement of the extremity did not appear 
to elicit pain or alter vital signs. Radiographs of the left shoulder 
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Figure 1: (a-d) Axial computed tomography in the lung window demonstrates extensive pneumarthrosis 
of the left glenohumeral joint with emphysema tracking medially to the posterior scapular musculature.

Figure 2: Clinical photograph of patient’s left shoulder demonstrating no 
erythema, cellulitis, skin necrosis, wounds, or bullae formation.
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revealed pneumarthrosis (Fig. 3a and b).
CT imaging from the outside hospital demonstrated a needle-
like, radiopaque structure passing through the left acromion 
and terminating in the glenohumeral joint space, likely 
representing a malpositioned intraosseous vascular access line 
(Fig. 4a, b, c, d). Further review revealed challenges with 
vascular access and placement of a left shoulder intraosseous 
line that was subsequently removed before transfer to our 
institution. In light of the patient’s clinical examination, the 
most parsimonious etiology to the intra-articular and deep 
posterior scapular musculature emphysema was the 
malpositioned intraosseous line that pierced the acromion 
process, such that when the line was utilized, products were 
administered into the left glenohumeral joint, which traveled 
medially to the scapula due to the intra-articular insertion of the 

rotator cuff tendons.
L e f t  u p p er  e x t rem i t y  NST I  wa s 
subsequently excluded as an infectious 
source following stable and reassuring 
serial examinations. The ultimate source 
of sepsis was found to be multifactorial, 
i n c l u d i n g  h e r  m a l p o s i t i o n e d 
gastrojejunostomy tube that was 
s u b s e q u e n t l y  c o r r e c t e d  b y 
interventional radiology, along with 
pseudomonas pneumonia and UTI 
w h i c h  i m p r o v e d  w i t h  m e d i c a l 
treatment. As this patient did not receive 
any acute orthopaedic intervention, she 
did not require additional imaging or 
formal orthopedic follow-up. She was 
discharged back to her long-term care 
facility in stable condition 1 month after 
hospitalization.

Discussion
NSTI is often a nexus point between critical care, acute care 
surgery, and orthopedic surgery due to its threat to life and limb 
caused by the rapid destruction of soft-tissues [7]. NSTI is a rare 
diagnosis, with an annual incidence of 10 cases/100,000 
persons  [1] .  However,  i t  has  been repor ted to  be 
underestimated in 41–96% of cases [4], largely due to the 
absence of classic signs – such as bullae, skin necrosis, crepitus, 
and radiographic emphysema – in over 50% of cases [4, 5]. 
Because NSTI manifests in an extremity in up to 73% of cases 
[4, 7], orthopedic surgery is often the first surgical service 
consulted. In-hospital mortality remains high, with death in up 
to 1 in 5 patients with NSTI, which has largely remained 
unchanged due to the heterogeneity of presentation, challenges 
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Figure 3: (A and B) Anteroposterior(A) and lateral scapula (B)radiographs of the left shoulder revealed a 
concentric glenohumeral joint with no osseous abnormality or radiopaque foreign body. A small crescent of 
radiolucency consistent with pneumarthrosis medial to the humeral head is visible in the glenohumeral joint.

Figure 4: (a-d) Outside hospital scout anteroposterior image of patient’s torso (A) demonstrated a radiopaque structure extending cranially from her left 
shoulder. Sagittal (B) computed tomography (CT) revealed a needle-like, radiopaque structure traveling cranial to caudal and slightly anterior to posterior 
through the left acromion process and terminating intra-articularly in the left glenohumeral joint superior to the humeral head. Coronal (C) and axial (D) CT 
confirm intra-articular endpoint in multiple planes.
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of treatment, and limited high-quality evidence [2, 3]. Factors 
associated with poorer outcomes and increased mortality 
include diabetes, female sex, increased age or comorbidity 
index, and sepsis at presentation [2, 14, 15], although up to 26% 
of patients may have no comorbid risk factors [3]. The most 
critical factor for improving survival and outcomes in the 
management of NSTI is the time to surgical exploration and 
debridement. A recent meta-analysis of 6051 patients with 
NSTI experienced lower mortality when debridement was 
performed within 6 hours of presentation [2]. A retrospective 
study of 295 patients taken for exploration for suspected NSTI 
revealed a negative exploration rate of 20%; however, the 
authors advised that surgeons accept this rate of negative 
exploration to avoid diagnostic delay [16]. In positive cases, 
rates of amputation are as high as 25% for cases in which 
debr idement alone cannot achieve source control , 
reconstruction is not possible, or functional status would be 
superior with amputation [2, 7, 9]. Factors further associated 
with limb loss include hypotension at admission, a high glucose 
level (>300 mg/dL), and a high LRINEC score (>9) [17].
Our case represents a clinical conundrum and diagnostic 
challenge. Our patient possessed multiple factors associated 
with poor outcomes, limb loss, and mortality in cases of NSTI 
[2,13,14,16]. There was overwhelming evidence and precedent 

in the literature to indicate the patient for operative exploration 
to exclude NSTI. However, the dissection would have required 
debridement of the glenohumeral joint, posterior scapular 
musculature, and chest wall in a critically ill patient, along with a 
potential forequarter amputation which would have been 
exceedingly morbid. Although our patient had significant 
hemodynamic instability and septic shock requiring dual 
vasopressor support and broad-spectrum antibiotic coverage, 
laborator y  abnor mal i t ies ,  cross - sect ional  imag ing 
demonstrating deep emphysema, and a LRINEC score of 9, her 
physical examination was incongruous with NSTI. As 
demonstrated by our case, it is important to rule out other 
causes of intra-articular gas before proceeding with surgical 
exploration.
Intra-articular gas or “pneumarthrosis” can be caused by 
traumatic arthrotomy, closed fracture or dislocation, or prior 
instrumentation. This patient had no history of recent trauma, 
and examination of her left upper extremity revealed no 
apparent wound that would suggest an arthrotomy (Fig. 2). In 
the absence of penetrating trauma, closed fracture [18, 19] or 
dislocation [20] can cause pneumarthrosis from the vacuum 
phenomenon of nitrogen gas exchange with distraction or 
expansion of a closed space [21]. There was no evidence of 
closed fracture radiographically (Fig. 3a and b), and her 
glenohumeral joint was concentric on axial CT (Fig. 1a, b, c, d). 
Finally, prior instrumentation can introduce air into the joint 
space. After thorough review of outside hospital imaging, it was 
revealed an intraosseous line was inserted improperly through 
her acromion process (Fig. 4a, b, c, d), offering a parsimonious, 
iatrogenic etiology to her pneumarthrosis and deep tissue 
emphysema.
Historically, the proximal tibia has been used for intraosseous 
access, but the proximal humerus is increasingly favored due to 
the large volume of the proximal humeral metaphysis that can 
accommodate higher flow rates [22, 23]. Studies evaluating 
proximal humerus intraosseous access report successful first-
pass insertion (>95%) with low complication rates [24, 25]. A 
controlled clinical trial of 29 patients receiving 30 proximal 
humerus intraosseous lines revealed no major complications 
and minor complications, including placement failure, poor 
flow, and catheter dislodgement [23]. However, case reports of 
adverse events, including a bent intraosseous needle 
incarcerated in the humeral metaphysis requiring operative 
removal [26] and iatrogenic humeral anatomic neck fracture 
[27], have been described.

Conclusion
We add a case to the literature describing improper placement of 
a proximal humerus intraosseous line through the acromion 
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