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ARTICLE INFO ABSTRACT

Keywords: Background: Gluteal Compartment Syndrome (GCS) is a rare subtype of acute compartment

Gluteal compartment s'yndrome syndrome (ACS), complex to diagnose and potentially fatal if left untreated. The incidence of ACS

?r(’longed immobilization is estimated to be 7.3 per 100,000 in males and 0.7 per 100,000 in females [1-3]. Given its rare
rauma

occurrence, the incidence of GCS is not well reported. In the case of GCS, the most common
etiologies are surgical positioning, prolonged immobilization secondary to substance use or loss of
consciousness, and traumatic injury. Clinical findings are pulselessness, pallor, parasthesia, pa-
ralysis, and most notably pain out of proportion. Swift diagnosis and treatment are imperative to
reduce morbidity and mortality, however the ideal management of GCS is difficult to ascertain
given the rare occurrence and variable presentation.

Methods: Orthopaedic trauma database at a level 1 trauma center was reviewed to identify pa-
tients for whom the orthopaedic service was consulted due to suspicion of gluteal compartment
syndrome. This yielded 11 patients between 2011 and 2019. Patients with a measured AP greater
than 30 upon initial consultation and with a concerning exam requiring monitoring were
included. Patient demographics, comorbidities, GCS etiology, laboratory values, physical exam
findings, pain scores (0—10) and patient outcomes were collected via chart review. Patient de-
mographic and injury characteristics were summarized using descriptive statistics.

Results: Prolonged immobilization patients had worse outcomes including longer hospital stays
(40.5 days) compared to trauma patients (4.5 days). All adverse medical outcomes recorded
including acute renal failure, prolonged neuropathic pain, cardiopulmonary dysfunction were
exclusively experienced by prolonged immobilization patients.

Conclusions: Our descriptive study demonstrates the bimodal distribution of GCS patients based on
etiology. Prolonged immobilization patients have a longer hospital course and more complica-
tions. Our study confirms prior reports and provides information that can be used to counsel
patients and families appropriately about treatment and recovery following GCS.

Level of evidence: 1V.

Study type: Epidemiological.
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Introduction

Gluteal Compartment Syndrome (GCS) is a rare subtype of acute compartment syndrome (ACS), complex to diagnose and
potentially fatal if left untreated. Acute compartment syndrome is defined as an elevation in fascial compartment pressures that may
lead to irreversible tissue ischemia, tissue necrosis, and neurologic and functional deficits. The incidence of ACS is estimated to be 7.3
per 100,000 in males and 0.7 per 100,000 in females [1-3]. Given its rare occurrence, the incidence of GCS is not well reported.

In the case of GCS, the most common etiologies are surgical positioning, prolonged immobilization secondary to substance use or
loss of consciousness, and traumatic injury. Men under the age of 35 are at increased risk for GCS, likely due to the overwhelming
preponderance of this demographic in the orthopaedic trauma population [3,4].

Clinical examination remains the cornerstone of GCS diagnosis. Clinical findings are pulselessness, pallor, parasthesia, paralysis,
and most notably pain out of proportion. Pallor, pulselessness and poikilothermia are often late findings [2]. Evaluation for GCS may
be supplemented by utilizing compartment pressures when clinical examination is not possible, such as in the obtunded or intubated
patient.

The window of timing for irreversible ischemic changes is approximately 6-8 h after the onset of symptoms, with peripheral nerves
being more susceptible to ischemia than muscle. Because neurons are highly sensitive to hypoxia, nervous tissue compromise may
occur in 30 mins [5]. Swift diagnosis and treatment are imperative to reduce morbidity and mortality, however the ideal management
of GCS is difficult to ascertain given the rare occurrence and variable presentation. Fasciotomy remains the most widely used treatment
in suspected acute cases. However, fasciotomy also carries increased morbidity and risk for adverse outcomes [6].

We describe the presentation, diagnosis, and management of a cohort of patients who presented to our level one trauma center with
suspected GCS.

Case presentation
Patient information

After Institutional Review Board (IRB) approval, our orthopaedic trauma database was reviewed to identify patients for whom the
orthopaedic service was consulted due to suspicion of gluteal compartment syndrome. This yielded 11 patients between 2011 and
2019. Four patients were excluded due to known infection causing the presenting symptoms, connective tissue disorder, or an initial
exam by the orthopaedic team not concerning for GCS. Patients with an initially measured AP greater than 30 upon consultation but
with a concerning exam requiring monitoring after the initial evaluation were included. Patient demographics, comorbidities, GCS
etiology, laboratory values, physical exam findings, pain scores (0-10) and patient outcomes were collected via chart review.

Patient demographic and injury characteristics were summarized using descriptive statistics (frequencies and percentages; medians
and IQR). SAS software version 9.4 (SAS Institute Inc., Cary, NC (North Carolina), USA) was used for all analyses.

Intervention

Seven patients were included in our final analysis. All patients were males and ranged in age from 15 to 70 years. Prolonged
immobilization (n = 4, 57 %) and trauma (n = 3, 43 %) were the etiologies for suspected GCS in our patient cohort. Substance use was
the cause for all prolonged immobilization. Among our trauma patients, one patient presented with polytrauma after a rollover motor
vehicle collision with injuries including bilateral sacroiliac joint dislocation, a distal femur fracture, and an olecranon fracture. A large
hematoma within the soft tissues and left gluteal region with significant contrast extravasation was noted on CT. This patient un-
derwent operative fixation of orthopaedic injuries and interventional radiology embolization without further vascular or neurologic
sequalae. His left lateral sacral and inferior gluteal arteries were the source of extravasation.

The second trauma patient presented with a minor orthopaedic hand injury that was treated non-operatively. He had significant left
gluteal swelling and ecchymosis. Vascular injury in this patient was thought to be a result of small subcutaneous vessel shearing. He
was admitted for 24-h observation without operative intervention and remained hemodynamically stable throughout admission.
Follow up revealed no persistent deficit. Our final trauma patient sustained a left inferior rami fracture without vascular injury and did
not require operative intervention. He was observed for 48 h and followed-up outpatient.

There was significant variation in physical exam findings upon presentation in the cohort. Only one patient demonstrated pain with
passive stretch of the hip. One patient had complete loss of ankle plantarflexion and dorsiflexion and the remaining six patients
demonstrated decreased but intact foot dorsiflexion and plantarflexion on initial physical exam. Six patients had decreased hip flexion
and knee extension strength on initial physical exam. Pain scores were recorded for four patients, with a range from 8 to 10 in the
gluteal region. Compartment pressures were obtained on three patients. (Ap = 9 mmHg, 52 mmHg and 43 mmHg). Two patients with
AP greater than 30 were included due to their concerning physical exam requiring continued monitoring and supportive care.

Clinical outcomes

Of the four patients presenting after prolonged immobilization, one underwent fasciotomy at an outside facility prior to transfer to
our institution and the remaining three were observed. Of note, one of these patients with a AP of 9 was observed due to a delayed
presentation of at least 12 h. Patients presenting secondary to prolonged immobilization did not have orthopaedic injuries. Except the
patient undergoing fasciotomy, none of the prolonged immobilization patients required operative intervention. All patients presenting
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as trauma had their GCS managed with observation, close monitoring, and supportive care. Average length of stay was 25 days for our
cohort. Average length of stay for the prolonged immobilization group was 40.5 days while the average length of stay for the trauma
group was 4.6 days.

Adverse outcomes in our patient cohort included acute respiratory distress (ARDS), prolonged neurologic deficit, acute heart failure
and renal injury. We believe that this pattern of medical morbidities is the result of prolonged immobilization and subsequent ischemic
neuromuscular damage. Renal injury secondary to rhabdomyolysis was the most common adverse outcome. There was a higher rate of
complication in the prolonged immobilization group (Table 1). Both patient cohorts presented with an elevated CPK. The prolonged
immobilization group presented with a higher creatinine which did not reach normal values upon discharge (Figs. 1, 2).

Discussion

We describe the spectrum of presentation of patients with suspected gluteal compartment syndrome at our institution. The
occurrence of GCS at our hospital system was rare, with our final analysis including 7 patients spanning a nine-year period. Similarly, a
recent combined meta-analysis reported 13 patients over an 11-year period [4]. Two of our seven patients had AP values that were
inconsistent with the traditional definition of GCS, however they were included due to their concerning clinical exam findings
requiring continued monitoring. Though only one patient presented with pain with passive stretch of the hip, all patients presented
with distal motor weakness.

The etiology of GCS was bimodal in our cohort, with prolonged immobilization and blunt trauma as the two etiologies. Patients
who presented due to prolonged immobilization had a more complicated clinical course and overall poorer outcomes. This was
highlighted by complication rates and elevated creatinine levels. CPK was elevated in both groups, however values were higher in the
trauma cohort. Although not intuitive, we suspect that this was due to acuity and the earlier hospital presentation of trauma patients.

Prolonged immobilization patients averaged longer hospital stays than the trauma patients (40.5 days vs 4.6 days). Two prolonged
immobilization patients required ICU admission, ranging from 4 to 9 days. Hospitals should be prepared to utilize these resources for
patients that present with GCS due to prolonged immobilization.

Current literature reports complications of GCS to include prolonged neurologic deficit, motor weakness, renal failure, and death
[2,7,8]. While the overall survival rate is reported to be 95 % in GCS patients, the risk of permanent neurologic deficit in patients with a
deficit on presentation is as high as 85 % in those only managed medically. In patients who undergo fasciotomy, the risk of permanent
neurologic deficit decreased to 48 % [4]. The single patient undergoing fasciotomies in our study had a permanent neurologic deficit.
Our overall rate of persistent neurologic deficit was 43 %. In addition to neurologic complications, renal failure and heart failure are
potential adverse outcomes in GCS patients. Four of the seven patients in our cohort (57 %) sustained renal dysfunction and the rate of
cardiac complications in our group was 29 %. Of note, all cardiac and renal complications manifested in the prolonged immobilization
group. With respect to survival rate, all our patients were discharged to a skilled nursing facility or home after the index admission. One
patient in the prolonged immobilization group died during a subsequent encounter due to substance abuse within 5-months of his GCS
related admission. Early co-management with medicine, cardiology, and nephrology services may improve long-term outcomes. For
patients with prolonged neurologic deficits, involvement of physical and occupational therapists may also aid in improved function.
Counseling should be provided to those affected by substance use.

One patient in our cohort underwent an emergent bedside fasciotomy by an orthopaedic surgeon at an outside hospital. The patient
was found obtunded by family and transported to the closest medical facility. His hospital course was complicated by deep vein
thrombosis (DVT), septic shock requiring ICU admission, pressors and intubation. He also sustained renal injury requiring dialysis and
an anoxic brain injury, remaining severely dependent upon discharge from our facility after 119 days. Another patient with a AP of 9
indicating compartment syndrome presented in a delayed fashion of greater than 12 h. He was managed conservatively from an or-
thopaedic standpoint and ultimately proceeded to multiorgan failure. He required hemodialysis and had permanent neurologic deficits
including persistent right lower extremity apraxia and burning plantar dysesthesias. Irreversible tissue damage occurs within 6 to 8 h,
which influences the decision to proceed with fasciotomies. Nervous tissue compromise may occur within 30 min [5]. Delayed pre-
sentation highlights an additional intricacy in the management of patients who present after prolonged immobilization due to sub-
stance use.

Suspected GCS due to trauma in our cohort experienced better outcomes and a shorter clinical course. Of our three trauma patients,

Table 1

Adverse outcomes stratified by injury etiology.
Adverse Outcomes Prolonged Immobilization Trauma (n =  Combined Prolonged Immobilization and

n=4) 3) Trauma (n = 7)

Persistent Neuropathic Pain (Y/N) 2/4 (50 %) 0/3 (0 %) 2/7 (29 %)
Persistent Neurologic Deficit (Y/N) 3/4 (75 %) 0/3 (0 %) 3/7 (43 %)
Renal Dysfunction (Y/N) 4/4 (100 %) 0/3 (0 %) 4/7 (57 %)
Readmission (Y/N) 2/4 (50 %) 0/3 (0 %) 2/7 (29 %)
DVT (Y/N) 2/4 (50 %) 0/3 (0 %) 2/7 (29 %)
Pulmonary Embolism (Y/N) 1/4 (25 %) 0/3 (0 %) 1/7 (14 %)
Cardiac Dysfunction 2/4 (50 %) 0/3 (0 %) 2/7 (29 %)
Acute Pulmonary Dysfunction (ARDS, Required intubation or 2/4 (50 %) 0/3 (0 %) 2/7 (29 %)

noninvasive respiratory support)
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Fig. 1. Average CPK by etiology.
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Fig. 2. Average creatinine by etiology.

two sustained vascular injuries with resultant hematoma. Adib et al. found that superior and inferior gluteal artery injury comprised 7
% of trauma related GCS in their meta-analysis of 139 patients. They suggest that hemodynamically unstable patients with active
bleeding may need to undergo angiography prior to fasciotomy if warranted. None of our trauma patients experienced prolonged
neurologic deficits. Based on our findings, we suggest that trauma patients should be reassured about their expected recovery with
observation, even with a concerning initial physical exam.

The retrospective nature of this work presents limitations, including variation in clinical documentation and incomplete data.
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