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Abstract 

Background 

Non-traumatic acute extremity compartment syndrome (NTAECS) is an orthopedic 

emergency that can lead to extensive morbidity and even death. As the opioid epidemic 

has spread across America, NTAECS secondary to substance use has become an 

increasingly common problem. While operative treatment is common for traumatic 

acute extremity compartment syndrome, it is unclear whether patients with NTAECS 

secondary to substance use should be managed operatively or non-operatively.  

 

Aims and hypotheses 

The primary aim of this study was to compare clinical outcomes in patients treated 

operatively vs non-operatively for NTAECS secondary to substance use. The 

secondary aims of this study were to determine patient demographics, clinical 

symptoms, diagnostic tests, and hospital course.  

The null hypothesis of this study was that there would be no difference in 

clinical outcomes of patients treated operatively compared to patients treated non-

operatively.  

 

Materials and methods 

This was an institutional review board-approved retrospective review of the electronic 

medical records of patients who developed NTAECS secondary to substance use. The 

Research Patient Database Registry (RPDR) system was queried using the ICD-10 

codes for ‘non-traumatic compartment syndrome’ from January 2006-December 2019 

for patients treated within the Partners Health Care System Hospitals. Data was 

extracted from the electronic medical record of eligible patients. Patients were divided 

based on treatment into the ‘operative group’ or ‘non-operative group.’    

 

Results  

Over the 14-year period, 91 patients were identified and included in this study. Eighty-

five patients were treated operatively, and 6 patients were treated non-operatively. The 

average age of patients in the operative group was 37 compared to 33 in the non-

operative group. The majority of patients in both groups were male. Opioids were the 

most common substance used in both groups, with many patients using more than one 

substance. Patients in the operative group underwent an average of 4 surgeries during 

their hospitalization and 37 (44%) required a skin graft. Wound infections developed in 

21 (25%) patients in the operative group and 9 (11%) patients underwent limb 

amputation. In the non-operative group, no patients developed a wound infection and 

no patient required a limb amputation. Persistent weakness, persistent sensory deficit, 

and contractures were common complications in both groups. There was a trend that 

patients treated operatively had higher rates of persistent pain at follow-up, but this did 

not reach statistical significance.   

 

Conclusion 

NTAECS secondary to substance use is an increasingly common problem that often 

leaves young adults with life-long disability. The results from this study suggest that 

clinical outcomes are similar in patients treated operatively and non-operatively. 

However, patients treated operatively required more procedures and had higher rates of 

wound infection and amputation compared to patients in the non-operative group. This 

patient population also faces difficulty accessing healthcare and attending follow-up 

appointments. These factors should be considered when deciding how best to treat 

patients who develop NTAECS secondary to substance use.  
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Chapter 1 : Introduction 

1.1 Etiology 

Acute extremity compartment syndrome (AECS) is an orthopedic emergency caused by 

increased pressure within a myofascial compartment. A subsequent reduction in tissue perfusion 

can lead to irreversible tissue damage, extensive morbidity, and even death (1) (figure 4).  

There are many different etiologies of AECS but can be broadly divided into intrinsic or 

extrinsic, and traumatic or non-traumatic etiologies. Intrinsic etiologies are caused by swelling that 

originates from within the myofascial compartment, compared to extrinsic etiologies where the 

force is external, such as a tightly applied dressing. Traumatic etiologies are the most common 

cause of AECS (2), particularly long bone fractures (3)(4). Other traumatic etiologies include soft 

tissue trauma (5), burns (2), crush injuries (6), and penetrating trauma (7).   

While AECS is often caused by trauma, non-traumatic causes for compartment syndrome 

are increasingly recognized. Patients on anti-coagulation medication can spontaneously bleed into 

a myofascial compartment and develop AECS, even in the absence of trauma (8). Conversely, 

patients can develop a thrombus within a vessel that compromises perfusion to tissue within a 

compartment, leading to AECS (9). Non-traumatic acute extremity compartment syndrome 

(NTAECS) can be caused by prolonged immobilization. This has been reported in patients 

undergoing surgical procedures (10)(11), but is increasingly seen in patients who become obtunded 

from substance intoxication (12).  

Approximately 20.3 million Americans are reported to have a substance use disorder (13). 

It is estimated that 14.8 million people suffer from alcohol use disorder and 8.1 million have illicit 
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drug use disorder (13). More than 2 million people in the US have opioid use disorder, with 1.7 

million diagnosed with prescription pain reliever use disorder and a further 0.5 million people with 

heroin use disorder (13)(14). As a result, more patients that ever are developing NTAECS 

secondary to substance use. It is a particularly devastating problem, because it disproportionately 

affects young adults who may suffer significant functional disability for the rest of their lives (12).  

1.2 Pathophysiology  

While the exact mechanism that underlies acute extremity compartment syndrome remains 

unclear, several explanations have been proposed (15). The most widely accepted explanation is 

arteriovenous pressure gradient theory (16)(1). This theory proposes that increased 

intracompartmental pressure (ICP) reduces arterial pressure, increases venous pressure, thus 

causing a smaller difference between the two. Increased venous pressure reduces the drainage of 

de-oxygenated blood from capillaries. This, in addition to the lower arterial pressure, reduces 

perfusion of oxygenated blood to tissues within the compartment (figure 1). Compartment 

pressures within 30mm Hg of the patient’s diastolic blood pressure are thought to be sufficient to 

compromise perfusion of tissue within the effected compartment (17).  

At a cellular level, hypoxia reduces aerobic respiration and depletes adenosine triphosphate 

(ATP). Subsequently, cells cannot use ATP-dependent membrane channels to maintain osmotic 

and electrochemical gradients. The accumulation of sodium and chloride ions within the cell 

attract water molecules into the cell, causing the cell to swell (figure 2). At this stage, the cellular 

damage is reversible if an adequate supply of oxygen and nutrients are restored (18). However, 

continued hypoxia and cellular swelling will eventually damage the cell membrane, which is 

irreversible (18). The amount of time without oxygen to cause irreversible damage varies 
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depending on the cell type (19). For skeletal muscle, ischemia occurs after 4 hours of hypoxia, 

with irreversible damage occurring after 8 hours (20). For peripheral nerves, irreversible damage 

can occur after just 4 hours of hypoxia (21). The lactic acid that develops as a product of 

anaerobic respiration reduces the pH of the tissue and can also damage cellular membranes 

(figure 2) (1). In addition to hypoxia, reperfusion injury creates oxygen free radicals which can 

also damage cell membranes (1). Water released from damaged cells increases interstitial edema, 

which increases ICP. This leads to a dangerous cycle of increasing ICP and cell death (figure 1).  

Damage to cellular membranes causes the release of intracellular contents into the systemic 

circulation. A surge in potassium ions can cause hyperkalemia, leading to life-threatening cardiac 

arrythmias (22). Myoglobin released from damaged skeletal muscle is toxic to renal epithelial 

cells and can form casts that block renal tubules, leading to renal failure (23). The lactic acid 

produced via anaerobic respiration can be released into the systemic circulation and dangerously 

lower the blood’s pH (24).  

1.3 Diagnosis 

1.3.1 History and physical exam 

AECS is typically a clinical diagnosis with patients presenting with a combination of 

symptoms that may include pain out of proportion to the injury, pallor, pulselessness, 

poikilothermia, paresthesia, and paresis (25)(1). However, many NTAECS patients are confused, 

obtunded, or comatose, which makes it challenging to obtain a complete history and perform an 

accurate physical exam (12). Therefore, physicians must maintain a high index of suspicion for 

NTAECS in patients who present to the hospital with a history of prolonged immobilization after 

being ‘found down.’  
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1.3.2 Compartment pressure measurements 

If AECS is suspected, clinicians may measure the ICP of the effected compartment. While 

elevated ICP is not necessary to diagnose AECS, it can be an informative piece of data that can be 

trended over time. For diagnosing AECS, elevated ICP measurements have a sensitivity of 94%, 

specificity of 98%, positive predictive value of 93%, and negative predictive value of 99% (26). 

However, there is no consensus regarding what ICP is diagnostic of AECS. Older studies 

suggested using an absolute ICP in the range of 30-45mm Hg (27)(28). More recent studies have 

suggested the importance of delta pressure (∆P), which is the difference between ICP and diastolic 

blood pressure. Some studies suggest that a ∆P <30mm Hg should be a diagnostic threshold for 

AECS (29), but a specialty-wide consensus has yet to be reached.  

1.3.3 Laboratory tests and imaging 

Elevated laboratory values have been associated with AECS including serum lactate (30), 

serum potassium (31), serum/urine myoglobin (1), and creatine kinase (CK) (32). However, 

elevated maximum creatine kinase (CK max) is the only lab value that strongly correlates with the 

diagnosis of AECS (32). Diagnostic imaging such as computed tomography (CT) scan (33), 

magnetic resonance imaging (MRI) (34), and ultrasound (US) (35) have been as adjunctive 

diagnostic modalities for AECS. However, the imaging findings are non-specific and could be 

seen in many disorders.   
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1.4 Treatment 

The current treatment for AECS is an emergent fasciotomy in an attempt to restore muscle 

perfusion and minimize tissue damage (1). Delays in surgical intervention have been associated 

with higher rates of functional impairment, increased number of debridements, and need for skin 

grafts (36)(37). However, many of these studies examined traumatic causes of compartment 

syndrome and it is unclear whether the same treatment strategies should be applied to non-

traumatic causes of compartment syndrome. Many NTAECS patients have been ‘found down’ 

after an unknown period of time and irreversible tissue damage may have already occurred.  The 

utility of surgical intervention in this clinical scenario remains uncertain.  

1.5 Clinical outcomes 

Clinical outcomes following compartment syndrome can range from complete recovery to 

death (38)(39). Patients treated with fasciotomy for AECS  may suffer nerve damage, wound 

infection, amputation, and even death (40). However, many studies only report the physical status 

of the patient at time of discharge, and long-term clinical follow-ups have not previously been 

reported. This is especially true in patients who develop NTAECS secondary to substance use 

because they often face more challenges to accessing care and attending follow-up appointments.  

 

 

 



  

 
15 

1.6 Aims and hypotheses  

The primary aim of this study was to compare clinical outcomes in patients treated 

operatively vs non-operatively for NTAECS secondary to substance use. The secondary aims of 

this study were to determine patient demographics, clinical symptoms, diagnostic tests, and 

hospital course. This is the first study to compare clinical outcomes in patients who developed 

NTAECS secondary to substance use. This is also the largest ever study of patients who 

developed NTAECS secondary to substance use.  

The null hypothesis of this study was that there would be no difference in clinical 

outcomes of patients treated operatively compared to patients treated non-operatively.  
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Chapter 2 : Materials and methods 

2.1 Search strategy 

This study was a retrospective review of the electronic medical records of patients who 

developed NTAECS secondary to substance use. This study was approved by the institutional 

review board of Partners HealthCare. The Research Patient Database Registry (RPDR) system 

was queried using the ICD-10 codes for ‘non-traumatic compartment syndrome’ from January 

2006 - December 2019 for patients treated within the Partners Health Care System Hospitals.  

2.2 Data extraction 

Only patients who developed NTAECS after being ‘found down’ secondary to substance 

use were included in this study (figure 3). Patients were excluded if they were younger than 18-

years-of-age, the etiology was not secondary to substance use, or if the patient did not have any 

documented clinical follow-up after discharge. Data was extracted from the electronic medical 

record of eligible patients.  

2.3 Statistical analysis 

Patients were divided based on treatment into an operative group and a non-operative 

group. Due to the small sample sizes, a Fisher’s Exact Test was used to compare categorical 

variables. A two-tailed t-test was used to compare continuous variables. Statistical significance 

was set at p≤0.05. GraphPad PRISM was used for all statistical analysis.  
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Chapter 3 : Results  

3.1 Patient demographics 

A total of 91 patients who developed NTAECS secondary to substance use were included 

in the study (table 1). There were 85 patients treated with fasciotomy (operative group) and 6 

patients treated non-operatively (non-operative group). The average age of patients in the 

operative group was 37 compared to 33 in the non-operative group. There were 61 (72%) males 

in the operative group compared to 6 (100%) in the non-operative group.  

Mental health disorders were prevalent throughout the study population, especially 

substance-related and addictive disorders (table 1). Substance use disorder was present in 70 

(82%) patients in the operative group, whereas 6 (100%) patients in the non-operative group 

carried this diagnosis. Alcohol use disorder was seen in 21 (25%) patients in the operative group, 

in comparison to 2 (33%) patients in the non-operative group. Depressive and anxiety disorders 

were also common in both groups. Major depressive disorder (MDD) was seen in 24 (28%) 

patients in the operative group, and 3 (50%) patients in the non-operative group. Generalized 

anxiety disorder (GAD) was present in 19 (22%) patients in the operative group, and 1 (17%) 

patient in the non-operative group. Schizophrenia spectrum and Bipolar-related disorders were 

only seen in the operative group; 15 (18%) patients had bipolar disorder, 3 (4%) patients had 

schizoaffective disorder, and 2 (2%) patients had schizophrenia.  

 Infectious diseases were also common within the study population (table 1). Hepatitis C 

was present in 32 (38%) patients in the operative group, and 2 (33%) patients in the non-
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operative group. In the operative group, 1 (1%) patient had hepatitis B, and 1 (1%) patient had 

HIV. No patients in the non-operative group had hepatitis B or HIV.  

 Metabolic disorders were only seen in the operative group; 18 (22%) patients had 

hypertension, 5 (6%) patients had hyperlipidemia, 5 (6%) patients had diabetes, and 3 (4%) 

patients suffered from obesity. Seventeen (20%) patients in the operative group were smokers, 

compared to 1 (17%) patient in the non-operative group. Seven (8%) patients in the operative 

group were homeless, and 1 (17%) patient in the non-operative group was homeless.  

3.2 Diagnostic work-up 

Laboratory data during the diagnostic work-up of the study population included 

toxicology screens (substance used), serum creatine kinase (CK), and serum creatine kinase peak 

(CK-peak) (table 2). The mean number of substances used per patient in each group was 2. The 

number of substances used per patient ranged from 0-6 in the operative group, and 1-4 in the 

non-operative group.  

 The most common substance used in both groups were opioids with 54 (64%) patients in 

the operative group, compared to 5 (83%) patients in the non-operative group. Benzodiazepines 

were also common in both groups, with 33 (39%) patients in the operative group, and 2 (33%) 

patients in the non-operative group. Twenty-seven (32%) patients in the operative group tested 

positive for cocaine, compared to 1 (17%) patient in the non-operative group. Cannabinoids were 

seen in 19 (22%) patients in the operative group, and 2 (33%) patients in the non-operative 

group. Seventeen (20%) patients in the operative group tested positive for alcohol, compared to 2 

(33%) patients in the non-operative group. Psychiatric medication overdoses were only seen in 
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the operative group, with 3 (4%) patients testing positive for antidepressant medications, and 1 

(1%) patient testing positive for an anti-psychotic medication.  

 The average CK was 48710 u/l in the operative group in comparison to 88150 u/l in the 

non-operative group. CK peak was 73682 u/l in the operative group, and 113591 u/l in the non-

operative group.  

 Compartment pressures were only measured in patients in the operative group. Forty-two 

(49%) patients had their compartment pressures measured in the operative group, with a mean 

reading of 48mm Hg.  

3.3 Clinical symptoms 

Pain was a common symptom in both groups, with 67 (79%) patients and 5 (83%) 

patients in the operative group and non-operative group, respectively (table 2). Muscle weakness 

was also common, seen in 50 (59%) patients in the operative group, and 5 (84%) in the non-

operative group. Decreased sensation was seen in 45 (53%) patients in the operative group, and 5 

(83%) patients in the non-operative group. The most common physical exam finding was 

swollen/tense muscle compartment observed in 71 (84%) patients in the operative group, and 4 

(67%) patients in the non-operative group. Skin blisters were present in 17 (20%) of patients in 

the operative group, and 1 (17%) in the non-operative group. Skin discoloration was identified in 

24 (28%) patients in the operative group, and 2 (33%) patients in the non-operative group. 

Decreased pulses and absent pulses were only seen in the operative group; 8 (9%) patients had 

decreased pulses and 8 (9%) patients had no palpable pulses in the effected extremity. Four (5%) 

patients in the operative group were initially transferred intubated from an outside hospital, 

compared to 0 (0%) in the non-operative group.  
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3.4 Location of effected compartment  

The average number of different compartments effected in the operative group was 1.6, 

with a range of 1-3 (table 2). The average number of different compartments effected in the non-

operative group was 1.5, with a range of 1-2 (table 2). The forearm was the most commonly 

effected compartment in the operative group with 36 (27%) patients, followed by the lower leg 

with 31 (22%) patients. In contrast, the most commonly effected compartment in the non-

operative group was the gluteal compartment with 3 (34%) patients, followed jointly by the 

lower leg, upper leg, and forearm all with 2 (33%) patients.  

3.5 Hospital course 

Rhabdomyolysis and acute kidney injury (AKI) were seen in 56 (66%) of patients in the 

operative group, compared to 4 (67%) of patients in the non-operative group (p=1) (table 3). 

Hemodialysis (HD) was required for 24 (28%) patients in the operative group, compared to 2 

(33%) patients in the non-operative group (p=1). Patients in the operative group underwent an 

average of 4 surgeries during their hospitalization, compared to 0 surgeries performed in the non-

operative group (p=6.6 x10-21). Thirty-seven (44%) patients in the operative group required a 

skin graft, compared to 0 (0%) in the non-operative group (p=0.078). Twenty-one (25%) patients 

in the operative group developed a wound infection during their hospitalization, compared to 0 

(0%) in the non-operative group (p=0.33).  
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3.6 Clinical outcomes 

The average length of clinical follow-up was 871 days in the operative group, and 612 in 

the non-operative group (p=0.42). Persistent weakness was seen in 57 (67%) patients in the 

operative group, in comparison to 3 (50%) in the non-operative group (p=0.41). Forty-five (53%) 

patients had persistent sensory deficit in the operative group, compared to 3 (50%) patients in the 

non-operative group (p=1). Persistent pain was seen in 68 (80%) patients in the operative group, 

in contrast to 3 (50%) patients in the non-operative group (p=0.12). Contractures were present in 

14 (16%) patients in the operative group, and 2 (33%) patients in the non-operative group 

(p=0.34). Nine (11%) patients in the operative group underwent an eventual limb amputation, 

compared to 0 (0%) in the non-operative group (p=1).  
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Chapter 4 : Discussion  

4.1 Patient demographics 

The majority of patients in this study were young men, which is consistent with the 

demographics of patients who suffer from traumatic AECS (41), and from substance use disorder 

(42). A study by McQueen et al. (41) suggested that young men are more susceptible to AECS 

because they have a large volume of skeletal muscle relative to a fixed compartment size. Many 

patients had mental health disorders, which are also common among patients who suffer from 

substance use disorder (43)(44). Interestingly, hypertension was reported in approximately one 

fifth of patients in the operative group, where the average age was 37 years. While hypertension 

has been associated with mental health disorders, the onset is typically at an older age than 

presented in this study (45).  Hepatitis C was the most common infectious disease seen in the 

patient study population, which is prevalent among patients who use injection drugs (46). Eight 

patients (9%) in the study population were homeless.  

This complex patient population possesses many barriers to accessing healthcare (47). 

Patients who suffer from substance use disorder often do not have sufficient insurance coverage 

to receive necessary treatment (48). Similarly, patients with mental health disorders (49), or who 

are homeless (50) experience more difficulties accessing healthcare. This was also seen during 

data collection in this study; from the initial cohort, 10 patients in the operative group and 7 

patients in the non-operative group were excluded because they did not present for follow-up 

appointments after discharge. Consideration of whether patients are able to reliably attend post-
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operative appointments may be important when deciding how best to treat patients who 

developed NTAECS secondary to substance use.  

4.2 Substances of intoxication and pathophysiology  

The most common substance of intoxication in both study groups was opioids, which is 

consistent with the ongoing opioid epidemic (12). The influx of illicitly manufactured fentanyl 

into America has been associated with increased rates of overdose and death (51). Fentanyl can 

be 100 times stronger than morphine and is often mixed with other opioids (51). Users are often 

unaware of the increased strength, making overdose, prolonged immobilization, and subsequent 

NTAECS more likely.  

Benzodiazepines, cocaine, cannabinoids, and alcohol were also detected in patients in 

both study groups. The average number of substances of intoxication per patient was 2 in both 

study groups. Some substances can potentiate or attenuate the effects of other substances, such as 

alcohol and benzodiazepines on the GABA-receptor (52). When used in combination, opioids, 

benzodiazepines, and alcohol can also increase sedation and decrease respiratory drive (53). The 

use of multiple substances also increases the risk of overdosing (54), which can also lead to 

prolonged immobilization and subsequent NTAECS.  

The types of substances used may also increase the risk of NTAECS. Opioids, 

benzodiazepines, and cannabinoids lower blood pressure (55)(56)(57), while opioids, 

benzodiazepines, and alcohol decrease respiratory drive (53). A lower diastolic blood pressure 

means that even a small increase in ICP could compromise blood supply to a myofascial 

compartment. Similarly, a diminished respiratory drive can lower oxygen blood saturation and 

thus decrease oxygen delivery to bodily tissues (figure 5). A lower blood pressure combined with 
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reduced oxygen saturation may put users of these substances at increased risk of developing 

NTAECS.  

4.3 Clinical symptoms and diagnostic work-up 

Patients in both groups in this study presented with elevated serum CK levels, which is 

consistent with ongoing necrosis of skeletal muscle seen in almost every type of AECS (32). 

However, there was a trend toward higher CK levels in the non-operative group. This is 

interesting because CK levels are strongly associated with compartment syndrome (32), and one 

could argue that higher CK levels or uptrending CK levels would more likely prompt surgical 

intervention.  

Only patients in the operative group had compartment pressures measured. It is possible 

that in the non-operative group, patient presentation and history were sufficient to decide not to 

intervene. Similarly, if there was sufficient clinical concern for ongoing compartment syndrome 

to warrant invasive compartment pressure measurements, there may have been sufficient clinical 

concern to warrant a surgical intervention.  

Pain, muscle weakness, and decreased sensation were the most common presenting 

clinical symptoms in both groups. Many patients in this study presented with observable skin 

changes, including discoloration and blistering. Signs of skin breakdown and damage may 

suggest prolonged immobilization and should prompt clinicians to consider NTAECS in 

obtunded patients.  



  

 
25 

4.4 Location of effected compartment 

The most common body site effected in the operative group was the forearm, followed by 

the lower leg. The most common body site effected in the non-operative group was the gluteal 

region, followed by the forearm and lower leg. It appears that the compartments of the distal 

upper and lower extremities were commonly effected. This may be because they are 

anatomically smaller compartments, so they have a lower threshold for increases in ICP. Distal 

extremities may also be more easily trapped under a patient’s body weight when they become 

intoxicated and immobilized. Approximately half of the patients in this study developed 

NTAECS in multiple compartments, illustrating the need to evaluate all extremity compartments 

in this patient population.  

4.5 Hospital course and outcomes 

Patients in this study experienced a challenging hospital course that included 

rhabdomyolysis, acute kidney injury, and hemodialysis. Patients in the operative group 

underwent an average of 4 surgeries during their hospitalization, compared to 0 in the non-

operative group. In fact, over 90% of patients in the operative group underwent more than one 

surgery during their hospitalization. Almost half of the patients in the operative group required a 

skin graft to help close their surgical wound, compared to none in the non-operative group. One 

quarter of patients in the operative group developed wound infections, compared to none the 

non-operative group. Over 10% of patients in the operative group underwent an amputation, 

compared to none in the operative group. The cumulative risks and morbidity associated with 

multiple surgeries, skin grafts, perioperative infections, and amputations should be weighed 

against the potential benefits of fasciotomy when initially deciding how to treat these patients.  
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At the time of clinical follow-up, persistent weakness occurred at a similar rate in both 

groups, as did persistent sensory deficits, and contractures. There was a trend toward more 

patients in the operative group experiencing persistent pain in comparison to patients in the non-

operative group. Damage to tissues either directly or indirectly from the fasciotomy procedure 

may have contributed to this residual pain. Up to 20% of patients in chronic pain clinic implicate 

surgery as one of the causes of their chronic pain, and up to half of these patients implicate it as 

the sole cause (58).  

Despite searching the medical records of two busy level-1 trauma centers over a 14-year 

period, this study could only find 6 patients who developed NTAECS secondary to substance 

use, who were treated non-operatively, and had clinical follow-up after discharge. It is worth 

considering why this number is so small. A study by Bhattacharyya & Vrahas (59) in 2004 

investigated the medical-legal aspects of compartment syndrome. The study found that 

documentation of abnormal neurological findings and no action was associated with higher rates 

of successful malpractice claims against the surgeon. As many patients with NTAECS present 

with neurological deficits, the idea of managing the patient non-operatively may not sit well with 

many orthopedic surgeons. While patient’s lawyers have successfully argued that fasciotomy is 

the standard of care for AECS (59), a specialty-wide consensus has yet to be established, 

particularly in regards to the management of NTAECS patients.  

4.6 Strengths and limitations 

There are several limitations to this study that must be considered. The major limitation 

to this study is that the sample sizes are small, particularly in the non-operative group. This 

makes it challenging to perform robust statistical comparisons and draw reliable conclusions. 
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The study was based upon documentation of patients’ electronic medical records and it is 

possible that data was inconsistently reported or not reported at all. The study also excluded 

patients who had no documented clinical follow-up after hospital discharge, and this group of 

patients may have had more barriers to accessing health care or may have died during their initial 

hospitalization.    

 Despite these limitations, this study also possesses several strengths. It is the first study to 

compare clinical outcomes in patients who develop NTAECS secondary to substance use treated 

operatively and non-operatively.  It is also the largest study of patients who developed NTAECS 

secondary to substance use and provides a clearer clinical picture of this understudied patient 

population.  

4.7 Conclusion  

NTAECS secondary to substance use is increasingly common problem which can cause 

extensive morbidity and even death. Many patients present to the hospital in an obtunded state 

after being ‘found down’ for an unknown period of time, often after taking multiple substances. 

Clinical signs such as pain, motor and sensory deficits, and skin changes should prompt the 

consideration of NTAECS. All extremity compartments should be examined because multiple 

compartments can be affected, particularly in the distal extremities. While most patients are 

treated operatively, surgical intervention is associated with higher rates of skin grafts, infections, 

and amputation compared to patients managed non-operatively. Our study suggests that clinical 

outcomes are similar between patients treated operatively and non-operatively. Many patients 

within this population have barriers to accessing healthcare. Consideration of whether patients 
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are able to reliably attend post-operative appointments may be important when deciding how 

best to treat patients who developed NTAECS secondary to substance use.  

4.8 Future work 

Completing this body of work was very enjoyable and has prompted many possible future 

investigations. Most notably, this study is underpowered and would benefit from collaboration 

with other hospitals to increase patient numbers and enable the ability to draw more meaningful 

conclusions. The field would also benefit from the development of quick and non-invasive 

methods of evaluating the health of tissues within myofascial compartments to aid in the 

diagnosis of AECS. Advancements in non-invasive imaging modalities such as ultrasound or 

infra-red spectroscopy may help to diagnose AECS and warrants future investigation. Patient 

risk-factors and characteristics could be studied to help identify those who would benefit from 

surgical intervention and when that intervention should be. Long-term patient-reported outcomes 

would also be helpful to more thoroughly determine the long-term effects of operative vs non-

operative treatment in patients who developed NTAECS secondary to substance use.   
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Chapter 6 : Tables and figures 

 

Figure 1. Proposed pathophysiology of acute extremity compartment syndrome. Figure used 

with permission from Von Keudell et al. 2015 (1).  
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Figure 2. Proposed mechanism of cellular damage in acute extremity compartment syndrome. 

Figure used with permission from Von Keudell et al. 2015 (1).  
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Figure 3. Flow diagram of patient selection.  

 

 

 

 

 

 

1601 patients after ICD 10 code search for 
“nontraumatic compartment syndrome” in 

EPIC from 2006-2019 
 

 

1228 patient screened for etiology: found 
down secondary to substance use 

 

108 patients found down secondary to 
substance use 

1120 Patients excluded for etiology: 
 

266 Exertional compartment syndrome 
243 Blood clot 

60 Hypoperfusion secondary to shock 
64 Perioperative positioning 

16 IV infiltration 
60 Hemorrhage on anticoagulation 

411 Not otherwise specified  
 
 

 91 Patients included for full chart review 
 

85 Treated with fasciotomy  
6 Treated non-operatively  

17 Excluded for no follow-up data after 
date of hospital discharge 

 
Date  

373 patients immediately excluded for 
age<18 
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Figure 4.  Number of NTAECS patients (red) and total number of opioid deaths nationwide 

(blue).  
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Figure 5. Proposed mechanism of acute extremity compartment syndrome secondary to 

substance use. Figure used and adapted with permission from Von Keudell et al. 2015 (1). 
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Table 1. Demographics of patients treated operatively and non-operatively.  
 

 Operative (n=85) Non-operative (n=6) 

Age (years) ±SD 37 ± 11 33 ± 10 

   

Sex   

    Male 61 (72%) 6 (100%) 

    Female 24 (18%) 0 (0%) 

   

Medical history   

    Substance use disorder 70 (82%) 6 (100%) 

    Alcohol use disorder 21 (25%) 2 (33%) 

    Major depressive disorder 24 (28%) 3 (50%) 

    Generalized anxiety disorder 19 (22%) 1 (17%) 
    Bipolar disorder 15 (18%) 0 (0%) 

    Schizoaffective disorder 3 (4%) 0 (0%) 

    Schizophrenia  2 (2%) 0 (0%) 

    Borderline personality disorder 1 (1%) 0 (0%) 

    Post-traumatic stress disorder 8 (9%) 0 (0%) 

    Attention deficit disorder 4 (5%) 0 (0%) 

    Obsessive compulsive disorder 1 (1%) 0 (0%) 

    Tourette syndrome 1 (1%) 0 (0%) 

    Hepatitis C 32 (38%) 2 (33%) 

    Hepatitis B 1 (1%) 0 (0%) 

    HIV 1 (1%) 0 (0%) 

    Sickle cell disease 1 (1%) 0 (0%) 

    Atrial fibrillation 2 (2%) 0 (0%) 

    Hypertension 18 (21%) 0 (0%) 

    Hyperlipidemia  5 (6%) 0 (0%) 

    Diabetes 5 (6%) 0 (0%) 

    Obesity 3 (4%) 0 (0%) 

    Hypothyroidism 3 (4%) 0 (0%) 

    Hyperthyroidism 1 (1%) 0 (0%) 

    Asthma 5 (6%) 0 (0%) 

    COPD 2 (2%) 0 (0%) 

    Smoking 17 (20%) 1 (17%) 

    Homeless 7 (8%) 1 (17%) 

    Chronic pain syndrome 7 (8%) 0 (0%) 

    Fibromyalgia 2 (2%) 0 (0%) 

    Multiple sclerosis  1 (1%) 0 (0%) 

    Seizure disorder 3 (4%) 0 (0%) 

    Learning disability 1 (1%) 0 (0%) 

    Blindness 2 (2%) 0 (0%) 

    Cancer 2 (2%) 0 (0%) 

    Rheumatoid arthritis  1 (1%) 0 (0%) 

    Inflammatory bowel disease 1 (1%) 0 (0%) 

    Chronic pancreatitis  1 (1%) 0 (0%) 

    Klippel-Trenaunay-Weber syndrome 1 (1%) 0 (0%) 
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Table 2. Patient presenting symptoms and diagnostic work-up. 

 

 

 

 

 

 

 

 

 

 Operative (n=85) Non-operative (n=6) 

Substances used (mean ± SD; range) 2 ± 1; 0-6 2 ± 1; 1-4 

   Opiates 54 (64%) 5 (83%) 

   Benzodiazepines  33 (39%) 2 (33%) 

   Cocaine 27 (32%) 1 (17%) 

   Cannabinoids  19 (22%) 2 (33%) 

   Alcohol 17 (20%) 2 (33%) 

   Amphetamine 10 (12%) 0 (0%) 

   Antidepressant  3 (4%) 0 (0%) 

   Antipsychotic  1 (1%) 0 (0%) 

   Hallucinogen  1 (1%) 0 (0%) 

 

Biochemical profiles  

 

 

 

 

   Creatine kinase (u/l) ±SD 48710 ± 46828 88150 ± 73600 

   Creatine kinase peak (u/l) ±SD 73682 ± 159635 113591 ± 90894 

 

Compartment pressures  

  

   Number of patient’s measured  42 (49%) 0 (0%) 

   Mean reading (mm Hg) ±SD 48 ± 26 0 ± 0 

 

Clinical symptoms 

  

   Pain 67 (79%) 5 (83%) 

   Muscle weakness 50 (59%) 5 (83%) 

   Decreased sensation 45 (53%) 5 (83%) 

   Paresthesia  14 (16%) 1 (17%) 

   Swollen/tense muscle 71 (84%) 4 (67%) 

   Pale and cold extremity  13 (15%) 1 (17%) 

   Skin blisters 17 (20%) 1 (17%) 

   Skin discoloration  24 (28%) 2 (33%) 

   Decreased pulse 8 (9%) 0 (0%) 

   Absent pulse 8 (9%) 0 (0%) 

   Intubated 4 (5%) 0 (0%) 

 

Body site of NTAECS (n; mean ±SD; 

range) 

 

133; 1.6 ± 0.6; 1-3 

 

9; 1.5 ± 0.5; 1-2 

    Upper arm 9 (7%) 0 (0%) 

    Forearm 36 (27%) 2 (22%) 

    Hand 24 (18%) 0 (0%) 

    Gluteal 16 (12%) 3 (34%) 

    Upper leg 17 (13%) 2 (22%) 

    Lower leg 31 (22%) 2 (22%) 
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Table 3. Hospital course and clinical outcomes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Operative (n=85) Non-operative (n=6) P-value 

Hospital course     

   Rhabdomyolysis 56 (66%) 4 (67%) 1 

   Acute kidney injury  56 (66%) 4 (67%) 1 

   Hemodialysis 24 (28%) 2 (33%) 1 

   Mean number of surgeries (# ± SD) 4 ± 3 0 ± 0 6.6 x10-21 

   Skin graft    37 (44%) 0 (0%) 0.078 

   Wound infection  21 (25%) 0 (0%) 0.33 

 

Outcomes  

 

 

 

 

 

   Mean length of follow up (days ± SD) 871 ± 1208 612 ± 663 0.42 

   Persistent weakness 57 (67%) 3 (50%) 0.41 

   Persistent sensory deficit  45 (53%) 3 (50%) 1 

   Persistent pain 68 (80%) 3 (50%) 0.12 

   Contracture   14 (16%) 2 (33%) 0.34 

   Amputation 9 (11%) 0 (0%) 1 
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Chapter 7 : Appendix 

Substance related non-traumatic rhabdomyolysis and extremity 

compartment syndrome: A systematic review 
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Key Points 

Question: What are the diagnostic tests, treatments, and outcomes in patients who develop 

substance-related non-traumatic rhabdomyolysis and extremity compartment syndrome? 

Findings: This systematic review identified 67 studies and 181 individual patients. There 

were 166 patients (92%) who developed extremity compartment syndrome after being found 

down, with 15 patients (8%) caused by other etiologies. Fasciotomy was associated with better 

functional outcomes but also a higher rate of amputation (10% vs 0%). Over 75% of patients 

suffered long-term functional deficits.  

Meaning: Substance-related non-traumatic rhabdomyolysis and extremity compartment 

syndrome often leaves young adults with life-long disability. Future research is warranted to help 

clinicians diagnose and treat this challenging clinical problem.  
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Abstract 

Importance: As the opioid epidemic has spread across America, substance-related non-

traumatic rhabdomyolysis and extremity compartment syndrome (NTRECS) has become more 

common.  

Objective: To evaluate the demographics, etiology, diagnostic tests, treatments, and outcomes in 

patients who develop substance-related NTRECS.  

Evidence Review: This systematic review was performed in accordance with the PRISMA 

guidelines. Articles were identified by searching four online databases in September 2019. The 

search yielded 861 publications, of which 67 studies met inclusion criteria; 9 were retrospective 

cohort studies and 58 were case reports or case series. Data from the included studies were 

extracted and reported via descriptive statistics. The study cohort was divided into “found down” 

and “other causes”. We then subsequently analyzed the found down cohort for fasciotomy versus 

non-operative treatment. 

Findings: The 67 studies yielded 181 individual cases of substance-related NTRECS. This 

patient population was 80% male with an average age of 35±11 years. There were 166 patients 

(92%) who developed NTRECS due to prolonged immobilization (found down group), with 15 

patients (8%) caused by other etiologies (other causes group). In the found down group, 135 

patients were initially treated with a surgical fasciotomy compared to 27 patients treated non-

operatively. There were 14 (10%) amputations in total in the found down group undergoing a 

fasciotomy. None of the patients who were initially managed non-operatively required a 

subsequent amputation. Six patients expired; five of these patients were treated initially with a 

fasciotomy, and one was treated initially with an amputation.  

Conclusions and Relevance: Substance-related NTRECS is an increasingly common problem. 

Data from this review suggests that this devastating problem often leaves young adults with life-

long disability. Our study suggests that a fasciotomy for NTRECS may preserve function at a 

cost of higher risk of amputation. We present alternative treatment options to be considered in 

patients with NTRECS.  
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Introduction 

Acute extremity compartment syndrome (AECS) is an orthopedic emergency caused by 

increased pressure within a myofascial compartment. A subsequent reduction in tissue perfusion 

can lead to irreversible tissue damage, extensive morbidity, and even death. While AECS is often 

caused by trauma, non-traumatic causes for compartment syndrome are becoming more common 

and possibly linked to the increase in substance use disorders 1. 

 

Approximately 20.3 million Americans are reported to have a substance use disorder 2. It 

is estimated that 14.8 million people suffer from alcohol use disorder and 8.1 million have illicit 

drug use disorder 2. More than 2 million people in the US have opioid use disorder, with 1.7 million 

diagnosed with prescription pain reliever use disorder and a further 0.5 million people with heroin 

use disorder 2,3. As a result, more patients may be developing non-traumatic rhabdomyolysis and 

extremity compartment syndrome (NTRECS) secondary to substance use. While prolonged 

immobilization or “found down” has been reported to represent the most common cause, other 

etiologies of NTRECS in patients with substance use disorder include complications at the 

injection site 4 and systemic effects of the injected substance 5,6. NTRECS is a particularly 

devastating problem, because it disproportionately affects young adults who may suffer significant 

functional disability for the rest of their lives 1.  

 

AECS is typically a clinical diagnosis with patients presenting with a combination of 

symptoms that may include pain out of proportion to the injury, pain with passive stretch of the 

affected muscle group, paresthesia and at a later stage paresis 7,8. However, many NTRECS 

patients are confused, obtunded, or comatose, which makes it challenging to obtain a complete 
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history and perform an accurate physical exam 1. Therefore, physicians must maintain a high index 

of suspicion for NTRECS in patients who present to the hospital with substance use disorder with 

a history of prolonged immobilization or after being “found down.”  

 

The current treatment for AECS is an emergent fasciotomy in an attempt to restore muscle 

perfusion and minimize tissue damage 8. Delays in surgical intervention have been associated with 

higher rates of functional impairment, increased number of debridements and need for skin grafts 

9,10. However, many of these studies examined traumatic causes of compartment syndrome and it 

is unclear whether the same treatment strategies should be applied to non-traumatic causes of 

compartment syndrome. Many NTRECS patients have been found down after an unknown period 

of time and irreversible tissue damage may have already occurred.  The utility of surgical 

intervention (i.e. fasciotomy) in this clinical scenario remains uncertain. The precise mechanism 

of NTRECS is not known but may be related to pressure-induced ischemia, reperfusion injury, 

systemic toxic effects of the ingested substance, or a combination thereof.  

 

Objectives 

While NTRECS secondary to substance use is an increasingly common clinical problem, 

published studies are limited to case reports and case series. To our knowledge, no previous study 

has systematically examined the existing literature. Therefore, the purpose of this systematic 

review was to examine published studies and report the characteristics, presentations, diagnosis, 

medical complications, treatments, and clinical outcomes of patients who develop NTRECS 

secondary to substance use and present some basic guidelines for physicians. 
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Methods 

Search Strategy  

In accordance with the published guidelines of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) statement, we searched EMBASE®, PubMed 

Publisher and Cochrane Central in September 2019. A MEDLINE search was performed using the 

following strategy: ("Compartment Syndromes"[Mesh] OR compartment syndrome*[tiab]) AND 

("Substance-Related Disorders"[Mesh] OR addict*[tiab] OR abuse*[tiab] OR abusing[tiab] OR 

alcohol*[tiab] OR atraumatic*[tiab] OR drug dependen*[tiab] OR drug habit*[tiab] OR drug 

misuse[tiab] OR drug us*[tiab] OR found down*[tiab] OR heroin [tiab] OR illicit drug*[tiab] OR 

inject drugs[tiab] OR injecting drug*[tiab] OR injection drug us*[tiab] OR intoxicated[tiab] OR 

intoxication*[tiab] OR narcotic*[tiab] OR non-traumatic*[tiab] OR nontraumatic*[tiab] OR 

opiate*[tiab] OR opioid*[tiab] OR overdos*[tiab] OR poly substance[tiab] OR 

polysubstance[tiab] OR substance dependen*[tiab] OR substance misus*[tiab] OR substance 

us*[tiab]). Moreover, a manual search was performed on google scholar to identify studies that 

may not have appeared in the original search. This was conducted to ensure that older manuscripts 

unregistered with online data bases could still be identified. Institutional review board approval 

was not required for this study.  

 

Study Selection and Data Extraction 

Studies involving substance-related NTRECS in the English language were included. 

Exclusion criteria were as follows: patient age <18 years, not original studies, no full text available, 

technical reports, traumatic AECS, chronic exertional compartment syndrome, vascular AECS and 

abdominal AECS. Two investigators screened studies independently for eligibility (S.J.M. and 



  

 
48 

R.D.J.S.) and extracted the data according to a standardized template.  Disagreements were 

addressed by an attempt to reach a consensus, and involvement of a third reviewer (A.v.K.). The 

search yielded 861 records, of which 67 papers were included in our study (Figure 1). The majority 

of the included studies were case reports, which did not allow for a quality assessment of these 

papers. When reporting our results, we divided the patients into two groups based on the etiology 

of the AECS; 1) The “found down” group, characterized by patients with prolonged 

immobilization and 2) the “other causes” group, characterized by other etiologies of substance 

related NTRECS (e.g. infiltration at injection site or rhabdomyolysis from the substance itself). 

Furthermore, we compared patients who were treated non-operatively to patients who were treated 

with a fasciotomy in the found down group.  
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Results  

Demographics  

Sixty-seven articles were included, dating from 1972 to 2019 1,4-6,11-72. There were 9 

retrospective cohort studies and 58 case reports or case series. We found 181 cases of substance-

related NTRECS with 80% (n=145) being male and an average age of 35 ±11 years. There were 

73 (40%) patients with available data on co-morbidities; 55 (75%) of these patients had already 

been diagnosed with a substance and/or alcohol use disorder, 13 (18%) were diagnosed with 

depression, and 5 (7%) had other psychiatric disorders prior to admission. Diabetes was reported 

in 3 (4%) patients, but there was no consistent reporting on smoking status or body mass index 

(BMI).  

There were 166 (92%) patients with prolonged immobilization leading to NTRECS (found 

down group), and 15 (8%) patients with other causes (other causes group) including four cases of 

rhabdomyolysis leading to AECS (one case of methanol and three using “bath salts”), and 11 cases 

of AECS due to complications at the injection site.  

 

Etiology and Substance Used 

There were 40 (24%) patients who had taken more than one substance in the found down 

group, versus 4 (27%) in the other causes group. The specific substances are outlined in Table 1. 

 

Biochemistry Profile  

The laboratory values of both the found down and other causes groups were similar in 

regard to white blood cell count (WBC), pH, potassium, bicarbonate, creatinine, creatine kinase 

(CK), aspartate aminotransferase (AST) and alanine aminotransferase (ALT). In the 166 patients 
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in the found down group, the average CK peak was documented at 129,736.5, the pH at 7.27, the 

potassium at 6.1 mmol/L, the Creatine at 3.4mg/dl and the Lactate at 4.33 mmol/L.   

 

The other causes group had higher blood sodium levels compared to the found down group. 

In contrast, the blood urea nitrogen (BUN) was higher in the found down group compared to the 

other causes group. Furthermore, we found normal PT and PTT, elevated lactate and elevated 

lactate dehydrogenase in the found down group, but these were not reported in the other causes 

group (Table 2).  

 

Diagnosis  

In the other causes group, there were no reports of diagnostic imaging, but 2 (13%) patients 

had intra-compartmental pressure (ICP) measured, yielding an average of 75±30mmHg.  

In the found down group, 18 (11%) patients had a CT scan, and 14 (8%) patients had an MRI.  

Furthermore, 19 (11%) patients in the found down group had ICP measured with an average 

reading of 65±27 mmHg. 

Symptoms and objective findings at presentation are further specified in Table 1. 

 

Body Locations 

Out of the 181 patients included in this study, there was a total of 271 distinct body 

locations that developed NTRECS. Forty-nine patients developed NTRECS in two body locations, 

13 patients developed NTRECS in three body locations and 5 patients developed NTRECS in four 

body locations. NTRECS developed in 81 lower legs, 56 thighs, 55 gluteal compartments, 51 
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forearms, 12 upper arms, 11 hands and 5 in other areas (deltoid, paraspinal and supraclavicular 

fossa). The specific locations of NTRECS in each group is outlined in Table 1. 

 

Non-operative Treatment versus Fasciotomy in the Found down Group 

There were 27 (16%) patients who were treated non-operatively and 135 (81%) treated 

with a fasciotomy in the found down group, while the remaining 4 (2%) patients were treated with 

an initial amputation. Four (15%) of the patients who were initially treated non-operatively 

required a subsequent fasciotomy due to deteriorating clinical status. There were 10 (7%) patients 

who required a subsequent amputation after initially being treated with a fasciotomy, resulting in 

14 (10%) amputations in total in the found down group. None of the patients who were initially 

managed non-operatively required a subsequent amputation.  

 

There were relatively more female patients in the non-operative group compared to the 

group of patients who received a fasciotomy (n=12/45%) vs. (n=22/16%), respectively. The time 

of immobilization was slightly shorter in the non-operative group compared to the fasciotomy 

group (12.6±6 hours vs 13.1±7 hours). The most common body site of NTRECS was the gluteal 

region (n=13, 36%) in the non-operative group, compared to the lower leg (n=63, 31%) in the 

fasciotomy group. Muscle weakness and nerve dysfunction were the most common findings in the 

non-operative group (89% and 56%, respectively). Muscle weakness and paresthesia were the 

most common findings in the fasciotomy group (64% and 52%, respectively). Table 3 outlines the 

characteristics of the non-operative group compared to the fasciotomy group.  
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The average length of stay for all patients in both groups was 25 days. There were 14 (8%) 

amputations in the found down group compared to 5 (33%) in the other causes group. There were 

6 patients who expired during their admission, all in the found down group and initially treated 

operatively (five with fasciotomy and one initially amputated) (Table 1). 
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Discussion  

Main Findings 

This is the first systematic review on substance-related NTRECS. The vast majority of 

patients in this study developed NTRECS after prolonged immobilization and being “found down” 

secondary to substance use. Other etiologies included the development of NTRECS at the injection 

site, possibly due to infiltration. Four studies discussed possible systemic effects of the used 

substance leading to rhabdomyolysis that subsequently resulted in NTRECS.  

We divided NTRECS patients into “found down” and “other causes” groups, and reported 

differences in the substances used, the body locations of NTRECS, and the clinical outcomes. The 

patients in the found down group most commonly used opioids followed by alcohol and 

barbiturates, with NTRECS occurring most often in the lower leg followed by the gluteal regions 

and then the thigh. In contrast, the patients in the other causes group most commonly used 

benzodiazepines, with NTRECS occurring most often in the forearm, followed by the lower leg. 

The other causes group had an amputation rate of 33% compared to 8% in the found down group.  

 

Traditionally, ACES is thought to be a clinical diagnosis - even though precise clinical 

diagnostic criteria have not been well established 8. It is even more challenging to diagnose 

NTRECS in this patient population because they often present with altered levels of consciousness. 

Many studies within this NTRECS review reported symptoms that included pain, swelling, nerve 

dysfunction, skin discoloration or blistering, absent or weak reflexes, and absent or weak motor 

function. These symptoms are similar to the symptoms seen in rhabdomyolysis and even in 

traumatic AECS. Laboratory values were also consistent with common findings on biochemistry 

profiles of patients suffering from rhabdomyolysis, thus making it less useful for the distinction 
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between NTRECS and rhabdomyolysis, most likely due to the fact that those two entities go hand 

in hand. 

  

The majority (n=149) of patients in this study were initially treated with fasciotomy, with 

15 (8%) of these patients going on to receive a subsequent amputation. Six patients expired; five 

of these patients were treated initially with fasciotomy, and one was treated initially with an 

amputation. In the found down group, some of the studies reported an initial decision to treat the 

patients non-operatively, while maintaining a high index of suspicion for clinical deterioration that 

may require fasciotomy, such as progressive nerve deficit or declining kidney function. Patients 

treated initially with a fasciotomy had superior functional outcomes compared to patients initially 

treated non-operatively at 26% and 18%, respectively. However, patients who were treated non-

operatively had no amputations or deaths compared to 10 amputations and 5 deaths in patients 

treated initially with a fasciotomy.   

 

Pathophysiology  

It has been suggested that NTRECS more closely resembles a crush syndrome and 

rhabdomyolysis rather than the typical traumatic AECS 1. We found that the symptoms of 

NTRECS are also similar to those of rhabdomyolysis and crush syndrome, possibly due to 

concomitant rhabdomyolysis and/or acute kidney injury being present in these patients. 

Rhabdomyolysis is characterized by muscle necrosis, causing muscle-cell contents to leak into the 

circulation. Symptoms include limb weakness, muscle pain, swelling and often dark urine without 

hematuria 73. Causes of rhabdomyolysis can include muscle hypoxia due to limb compression 

during prolonged immobilization and the use of muscle-toxic agents such as alcohol, heroin and 
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cocaine 74. Complications of rhabdomyolysis include acute kidney injury, kidney failure and rarely 

compartment syndrome. It has been suggested that AECS can also lead to rhabdomyolysis 75,74. 

The pathophysiology behind prolonged immobilization leading to NTRECS is unclear. We 

hypothesize that the crush injury from being found down and the subsequent reperfusion injury 

may contribute to the development of NTRECS that is closely connected with the pathophysiology 

of rhabdomyolysis. In addition, many substances, including alcohol and opioids, depress 

respiratory drive and a subsequent reduction in oxygen perfusion may increase the risk of tissue 

necrosis and NTRECS in this patient population.  

 

The other causes group included patients who developed NTRECS due to infiltration at the 

injection site. This group of patients usually presented to the hospital earlier with more obvious 

symptoms of AECS. They were exclusively treated with a fasciotomy and had higher rates of 

amputation in comparison to the patients within the other causes group. AECS due to infiltration 

of an injection site may be more acute and surgical decompression more urgent than in patients 

with prolonged-immobilization-induced AECS, where the physiological process may be more sub-

acute. Perhaps in the future, it would be more appropriate to make the treatment plan based on the 

etiology of the AECS, allowing for more conservative management of the non-traumatic 

physiological AECS patients with adequate observation to proceed with surgical decompression if 

the condition deteriorates.   

 

Diagnosis of NTRECS 

Diagnosing NTRECS in this patient population is challenging for several reasons. First, patients 

may present with altered levels of consciousness. Second, symptoms of rhabdomyolysis resemble 
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those of NTRECS which makes it difficult to differentiate between the two. Few of the studies 

included in our review measured intra-compartmental pressure. This might be because ICPs may 

not correlate with clinical symptoms or tissue viability in the NTRECS patient population. Other 

modalities have been suggested to aid in the diagnosis of compartment syndrome but few have 

provided much evidence to support their use 76. Some of the case reports included diagnostic 

imaging such as CT and MRI, with the most common finding being edema around the involved 

muscles. This imaging finding is also seen in rhabdomyolysis without compartment syndrome, so 

may be sensitive but not specific for the diagnosis of NTRECS 77.  

Patients who present with NTRECS have often been found down for an unknown period 

of time.  By the time they reach the hospital, it is unclear whether the tissue within the effected 

compartment is still viable.  

 

Non-surgical Treatment of NTRECS 

The non-operative management of NTRECS is likely uncommon because of the doctrine 

that every compartment syndrome requires a fasciotomy 78. Substance-related NTRECS is 

different from “missed AECS,” and overall a rare diagnosis, thus making it challenging to conduct 

any meaningful clinical trial to examine the differences in outcomes between operative and non-

operative management.  

Currently there are no treatment guidelines for the management of NTRECS patients. 79 

The literature suggests that non-operative management has a role in NTRECS and may be 

indicated for patients who have been found down for more than 24 hours and have no sensory or 

motor function 80. Two possible pathways of treatment appear feasible.  
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One approach that is more frequently being employed is to make a 1-2-inch incision to 

assess muscle tissue viability. If the tissue appears non-viable, then the small incision can be easily 

closed with a low risk of subsequent infection or amputation. If the tissue appears viable, then the 

incision can be extended with the hope that full decompression can limit additional tissue damage 

and preserve function. This approach may be useful for patients who present with a clear timeline 

regarding the duration of immobilization. Another approach would involve close monitoring of 

patients with some preserved motor and sensory function to detect any changes warranting a 

prompt surgical decompression. If the motor and sensory function is already dramatically impaired 

indicating complete muscle necrosis, then non-operative treatment may be the less harmful 

treatment plan. 

 Urgent decompression to reduce the risk of kidney failure may not be as imperative in this 

younger patient population who typically respond well to intravenous fluids, hemodialysis and/or 

hemofiltration. There is no evidence to support that performing a fasciotomy is protective of 

kidney function. Furthermore, we found that the site of NTRECS differed in the patients treated 

non-operatively versus those with a fasciotomy, suggesting that the site of NTRECS may be 

important to consider.  Patients with gluteal NTRECS may be better candidates for non-operative 

treatment compared to those with forearm NTRECS. It is possible that larger compartments such 

as the thigh and gluteal compartments have a greater tolerance for increased intra-compartmental 

pressures than the smaller compartments of the forearm and the lower leg.  

Substance-related NTRECS patients who present with a nonfunctional limb may benefit 

from non-operative treatment and aggressive medical management to treat the underlying 

biochemical abnormalities from muscle necrosis and avoid the risk of amputation. However, there 
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is currently no conservative management protocol. Therefore, we propose the following treatment 

principles:  

 

1. Reduce the renal burden: Treatment of rhabdomyolysis with appropriate intravenous fluids, 

and in severe cases, hemodialysis or hemofiltration. Some cases have reported NTRECS 

secondary to excessive fluid resuscitation 81,82. However, none of the included studies in our 

review suggested that NTRECS was secondary to fluid therapy. In fact, it may be beneficial 

for the conservative treatment of NTRECS to include moderate fluid therapy, as it may increase 

blood pressure and more rapidly restore perfusion to the effected compartment.  

2. Role of blood pressure in AECS: It may be beneficial for the conservative treatment of 

NTRECS to include moderate fluid therapy as it may increase blood pressure.  It has been 

suggested that AECS may develop at lower ICP in hypotensive patients 83, and conversely, 

higher ICP may be necessary to cause nerve damage in hypertensive patients 84. Perhaps future 

studies should examine the role of fluid therapy and use of vasopressors in the conservative 

treatment of NTRECS. 

3. Compartment pressure relief: Previous studies have used cooling and elevation of the extremity 

to heart level in their conservative treatment plan 78,85. Administration of mannitol is commonly 

practiced to relieve compartment pressure in cases of rhabdomyolysis-induced kidney injury 

74,86,87.  However, there are no evidence-based studies showing the beneficial effect of mannitol 

for this condition. Some studies even suggest that high doses of mannitol may be associated 

with acute kidney injury, thus the therapy should be discontinued if the osmolal gap rises 

beyond 55 mOsm/kg or sufficient diuresis is not achieved 88.  
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4. Individual patient assessment: In a patient with complete nerve and muscle dysfunction after 

prolonged immobilization (>12-24 hours), the nerve and muscle may never recover even after 

a fasciotomy. In this scenario, the few benefits of a fasciotomy must be weighed against the 

increased risks of  amputation and complications related to wound healing of necrotic tissue. 

In contrast, patients with some preserved muscle and nerve function may be a candidate for a 

limited open fasciotomy approach to determine muscle viability and preserve the limited 

functionality.  

Physicians may be able to discuss the risk of an amputation if treated operatively versus the 

risk of having a less functional limb if treated non-operatively. Furthermore, consider the site 

of the NTRECS, as non-functioning gluteal muscles may not affect a patient’s function as 

much as a non-functioning upper extremity.  

 

Limitations  

The lack of clear diagnostic criteria is a major limitation to all studies regarding AECS. 

More research is warranted to better understand the condition and develop more reliable diagnostic 

modalities. When considering all studies within this review, the clinical symptoms of AECS were 

inconsistently reported or not reported at all.  There are inherent limitations to systematic reviews, 

such as the quality of the included papers. As most of these papers were case reports, we were not 

able to fully assess the quality of each study. However, because of the nature of case reports, we 

were able to gather more data per patient than one would be able to find in larger studies. 

Furthermore, the length of follow up for each patient was not consistently reported and may under- 

or over-estimate the functional outcomes in these patients. Likewise, laboratory values, details on 

treatments, symptoms and objective findings were not consistently reported. Therefore, our results 
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only summarize the data that was reported. Nevertheless, this is still the largest study of substance 

related NTRECS, including a comprehensive data set and a clinical picture of this patient 

population.  

 

Conclusion  

Substance-related NTRECS is commonly caused by prolonged immobilization but can also 

be caused by infiltration at the injection site and systemic toxic effects of the ingested substance. 

Non-operative management is a viable option for NTRECS patients who present after a period of 

prolonged immobilization with complete nerve or muscle dysfunction. Fasciotomy has been 

associated with slightly better functional outcomes but comes at a cost of higher risk of amputation. 

Consequently, a limited fasciotomy should be considered in patients with preserved muscle and 

nerve function and clear deteriorating neurological symptoms at the location of NTRECS, because 

the possibility of preserving function may outweigh the associated risks.  
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Figure 1. PRISMA Flow diagram 
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Table 1.  Characteristics of patients in the found down group versus the other causes group 

 

a Data available for 49 patients  
b Data available for 82 patients in the immobilized group and 7 patients in not-immobilized group 

c Data available for 87 patients in immobilized group and 13 in not-immobilized group 

 

 

 

 

 

 

 

 

 

 

 Found down group  (n=166) Other causes group  (n=15) 

Substance used   

   Opioids 76 (46%) 2 (13%) 

   Alcohol 39 (23%) - 

   Barbiturates  19 (11%) - 
   Benzodiazepine 17 (10%) 9 (60%) 

   Antipsychotic  medication 6 (4%) - 

   Cocaine  5 (3%) - 

   Cannabinoids 4 (2%) - 

   Tranquillizers 4 (2%) - 
   Antidepressant medication 2 (1%) 1 (7%) 

   Other not-categorized drugs 9 (5%) 5 (27%) 

   Not otherwise specified drugs 26 (16%) - 

 

Length of immobilization (hr) a 

 

13±6 

 

NA 
 

Clinical symptoms/findings b 

  

   Pain 50 (61%) 5 (71%) 

   Muscle weakness 56 (68%) 2 (29%) 

   Swelling 54 (66%) 1 (14%) 
   Rigid/tense muscles  45 (55%) 6 (86%) 

   Paresthesia  42 (51%) 1 (14%) 

   Dysfunction of a specific nerve  31 (38%) 1 (14%) 

   Skin discoloration 24 (29%) 2 (29%) 

   Skin blisters 10 (12%) 1 (14%) 
   Absent or weak reflexes 19 (23%) 1 (14%) 

   Pale or cold extremity  8 (10%) - 

   Decreased/no palpable pulse 12 (15%) 1 (14%) 

 

Body location of ACS (n) 

 

246 

 

25 
    Lower leg 74 (30%) 7 (28%) 

    Thigh 52 (21%) 4 (16%) 

    Gluteal 55 (22%) 0 

    Upper arm 12 (5%) 0 
    Forearm 43 (17%) 8 (32%) 

    Hand 7 (3%) 4 (16%) 

    Other 3 (1%) 2 (8%) 

 

Initial treatment  

  

   Non-operatively  27 (16%) 1 (7%) 

   Fasciotomy  135 (81%) 14 (93%) 

   Amputation  4 (2%) 0  

 

Outcomes (n)  

 

87 

 

13 
   Good functional outcome c 21 (24%) 3 (23%) 

   Amputations in total 14 (8%) 5 (33%) 

   Residual pain c 12 (14%) 3 (23%) 

   Death  6 (7%) 0 
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Table 2. Biochemistry profile of the patients in the other causes group compared to the found down group 

 Other causes (n=15) Found down (n=166) 

WBC (per L) 1,8067b 21,360 

Hemoglobin - 16.3 
pH 7.2 7.27 

Glucose (mg/dl) 101.5 a 129 

Sodium (mmol/L) 149 d 134.8 

Potassium (mmol/L) 6.7 b 6.1 

Bicarbonate (mmol/L) 17.5 a 18.7 
BUN (mg/dl) 28.5 c 43.48 

Creatinine (mg/dl) 3 d 3.4 

Creatinine peak  - 9.46 

Lactate (mmol/L) - 4.33 

LDH (IU/L) - 2,124.5 
CK (u/L) 80,750 e 57,585.9 

CK peak - 129,736.5 

CKMB (ng/ml) - 130 

CRP (mg/L) - 19.2 
S-myoglobin (ng/ml) - 59,885 

Total protein (g/dl) - 38 

Albumin (g/L) - 32 

PT (sec) - 14.5 

PTT (sec) - 33.7 
Bilirubin (umol/L) - 33 

AST (IU/L) 838.8 c 1,173.2 

ALT(IU/L) 325.8 c 659.3 

Abbreviations: WBC White Blood Count, BUN Blood Urea Nitrogen, LDH Lactate Dehydrogenase, CK Creatinine Kinase, CKMB Creatinine 

Kinase MB, CRP C-reactive Protein, PT Prothrombin Time, PTT Partial Prothrombin Time, AST Aspartate Aminotransferase, ALT Alanine 
Aminotransferase 

a reported in 2 patients, b reported in 3 patients, c reported in 4 patients, d reported in 5 patients, e reported in 6 patients.   
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Table 3. Characteristics of non-operatively treated vs fasciotomy patients in the found down group 

 

 Non-operatively  (n=27) Fasciotomy  (n=135) 

Age  (years) 36±12 35±11 

Male (%) 55% 84% 
Medical history a   

    Smoking 3 (30%) 1 (2%) 

    Diabetes 0 3 (5%) 

    Substance disorder 6 (60%) 42 (75%) 

    Depression  3 (30%) 8 (14%) 
    Other psychiatric history  0 4 (7%) 

    Other medical co-morbidity  0 10 (18%) 

 

Length of immobilization (hr) b 

 

12.6±6 

 

13.1±7 

 

Site of ACS (n) 

 
36 

 
205 

    Lower leg 6 (17%) 63 (31%) 

    Thigh 7 (19%) 45 (22%) 

    Gluteal 13 (36%) 42 (20%) 
    Upper arm 1 (3%) 11  (5%) 

    Forearm 8 (22%) 35 (17%) 

    Hand 1 (3%) 6 (3%) 

    Other 0 4 (2%) 

 

Biochemistry 

  

    pH 7.24 ±0.07 7.28 ±0.08 

    BUN (mg/dl)  30.8 ±21 48.5 ±47 

    Creatinine (mg/dl) 5.8 ±4.5 4.3 ±4 

    LDH (IU/l) 3,244 ±2437 1,485 ±1707 
    CK (u/l) 36,752 ±31433 85,166 ±97798 

 

Objective findings (n)c 

 

18 

 

64 

   Nerve dysfunction 10 (56%) 21 (33%) 

   Paresthesia 9 (50%) 33 (52%) 
   Muscle weakness 16 (89%) 41 (64%) 

   Absent/weak reflexes  8 (44%) 12 (19%) 

   Decreased pulse 0 12(19%) 

   

Outcomes (n) d 22 64 
   Good functional outcome 4 (18%) 17 (27%) 

   Amputation 0  10 (16%) 

   Persistent weakness 14 (64%) 31 (48%) 

   Residual motor deficit 18  (82%) 43 (67%) 

   Residual sensory deficit  15 (68%) 20 (31%) 
   Residual pain 5 (23%) 7 (11%) 

   Death  0 5 (8%) 

Abbreviations: BUN Blood Urea Nitrogen, LDH Lactate Dehydrogenase, CK Creatinine Kinase 

a Data available for 10 non-op and 56 fasciotomy patients 

b Data available for 8 non-op and 43 fasciotomy patients 
c Data available for 18 non-op and 64 fasciotomy patients 

d Data available for 22 non-op and 64 fasciotomy patients  
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