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Isolated Upper Extremity Compartment Syndrome: A Case of
Rhabdomyolysis-induced Myoglobinuria and Acute Kidney Injury after
Opioid Overdose
David Yatsonsky', Meaghan Tranovich', Ethan Sawyer', Connor Burke', Nabil Ebraheim'

Learning Point of the Article:
Isolated upper extremity compartment syndrome can cause severe rhabdomyolysis resulting in AKI.

Introduction: The association between rhabdomyolysis secondary to traumatic crush injuries and the resultant acute kidney injury has been
well described . The pathway of opioid overdose and acute kidney injury (AKI) has been documented but not fully elucidated. This process is
believed to be multifactorial in its pathophysiology, but it remains obscure. Acidosis, systemic hypoxia, hypothermia, muscle compression,
immunologic, or direct toxic effects have been identified as contributing factors to opioid-induced AKI. Musculoskeletal crush injuries account
for one of the most common causes of rhabdomyolysis leading to AKI. However, the vast majority of crush injuries documented involve large
regions of the body and most commonly involve the lower extremity. This is hypothesized to be due to the need for a considerable amount of
muscle necrosis and sufficient myoglobinuria to cause AKI. There is a paucity of literature describing isolated upper extremity crush injuries
severe enough to cause AKI. The case described herein outlines a patient who developed isolated right upper extremity compartment syndrome
and resultant rhabdomyolysisleading to AKI in the setting of an opioid overdose.

Case Report: Rhabdomyolysis may be caused by a variety of metabolic events. The pathophysiology of rhabdomyolysis secondary to acute
crush injuries with resultant AKI is well documented. However, the literature describing cases of acute kidney injury caused by upper extremity
compartment syndrome-induced rhabdomyolysis is limited. We present the case of a 33-year-old male who developed right upper extremity
compartment syndrome after being incapacitated following an opioid overdose. He subsequently underwent emergent fasciotomies and was
found to have an AKI secondary to rhabdomyolysis in the acute post-operative period.

Conclusion: This case describes a patient who was found to have isolated right upper extremity compartment syndrome and subsequent
rhabdomyolysis, which resulted in AKI following an opioid overdose. This case highlights that an isolated incidence of upper extremity
rhabdomyolysis s sufficient to cause acute kidney injury. The literature describing this pathologyinisolated upper extremity injuries is limited as
this phenomenonis typically encountered in the setting of lower extremity compartment syndrome.

The pathophysiology and mechanism of this pathology are of particular importance to the fields of orthopedic surgery, nephrology, and internal
medicine. This case highlights the need for early and adequate fluid resuscitation in patients with isolated upper extremity injuries to minimize
the risk of subsequent AKI.

Keywords: Compartment syndrome, upper extremity, thabdomyolysis, acute kidney injury.

Introduction traumatic crush injuries and the resultant acute kidney injury has
The association between rhabdomyolysis secondary to been well described [1]. The pathway of opioid overdose and
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Figure 1: Volar longitudinal dissection,
exposing fascial compartment of the forearm.
Anteromedial dissection exposing biceps

flexors.
muscle bellies.

acute kidney injury (AKI) has been documented but not fully
elucidated [2]. This processis believed to be multifactorial in its
pathophysiology, but it remains obscure [2]. Acidosis, systemic
hypoxia, hypothermia, muscle compression, immunologic, or
direct toxic effects have been identified as contributing factors
to opioid-induced AKI [3]. Musculoskeletal crush injuries
account for one of the most common causes of rhabdomyolysis,
leading to AKI [3]. However, the vast majority of crush injuries
documented involve large regions of the body and most
commonly involve the lower extremity [4]. This is
hypothesized to be due to the need for a considerable amount of
muscle necrosis and sufficient myoglobinuria to cause AKI [3,
4]. There is a paucity of literature describing isolated upper
extremity crush injuries severe enough to cause AKI. The case
described herein outlines a patient who developed isolated right
upper extremity compartment syndrome and resultant
rhabdomyolysis leading to AKI in the setting of an opioid
overdose.

Case Report

Figure 2: Volar, longitudinal incision of the
forearm exposing fascial compartment of

Figure 3: Anteromedial mid-humeral
longitudinal incision exposing fascial
compartment of brachialis and
coracobrachialis.

A 33-year-old male was found alone and unresponsive on a
public bathroom floor lying on top of his left arm for an
indeterminant amount of time; however, it was estimated to be
several hours. EMS administered Narcan to the patient, which
led to minimal improvement in responsiveness. Upon
evaluation in the emergency department, he was intubated and
given Naloxone, hydrocortisone, and piperacillin-tazobactam.
A stat CT of the head was performed, which was negative for
intracranial bleed, and he was subsequently admitted to the
intensive care unit for further workup. His laboratories on
admission included a creatine kinase (CK) of 1547 IU/L,
creatinine of 1.7 mg/d, and GFR of 56 (Table 1 and 2). The
urine toxicology screen was positive for opioids.

On the 2nd day of admission, the patient’s CK was noted to
increase to 38640 IU/L (Table 1). The medical team also
became concerned with left upper extremity swelling, and
orthopedics was consulted to rule out an underlying
musculoskeletal injury. The physical examination was limited
by patient sedation, but he was noted to have severe swelling of
the arm and forearm as well as a decreased radial pulse in
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Figure 4: Anteromedial and

Anterolateral longitudinal

incisions of forearm Figure S: Anteromedial and anterolateral longitudinal forearm longitudinal dissections exposing flexor and
exposing fascial extensor fascial compartments. Anteromedial longitudinal dissection of mid-shaft humeral exposing biceps

compartments offlexorsand  prachii fascial compartment.

extensors.
comparison to the contralateral side. Compartment pressures
of the left forearm were obtained using an intercompartmental
measurement device. The volar compartment was found to
have a pressure of 25 mmHg, the dorsal compartment was 41
mmHg, and the mobile was 25 mmHg. Based on these findings,
in conjunction with a diastolic blood pressure of 80, it was
decided that the patient should undergo an emergent bedside
fasciotomy. Laboratories at this time demonstrated
myoglobinuria, which was consistent with ischemic muscle
damage.

The patient underwent emergent fasciotomies within 1 h of
consultation. The skin was prepped with betadine, and a volar
forearm incision was made overlying the flexor carpi radialis
tendon. There was moderate pallor of the superficial flexor
muscles, providing further evidence of ischemic damage and
muscle necrosis. Blunt dissection was carried out digitally on
the underlying fascia, which was then incised. The flexor
digitorum superficialis and flexor digitorum profundus were
released and mobilized until the radius was encountered and all
volar compartments were released. Next, the dorsal forearm
compartment was released through alongitudinal incision. The
dorsal musculature also showed pallor consistent with muscle
necrosis. Blunt dissection was carried out to the level of the ulna,
ensuring that all muscles in the dorsal compartment had been
adequately released. At this point, the upper arm was noted to
have moderate to severe residual swelling, although the
compartments were noted to be somewhat compressible. Given
the amount of tissue damage and necrosis present in the
forearm, it was deemed appropriate to proceed with

fasciotomies of the arm. A longitudinal anterolateral incision
was made along the arm. The brachialis and coracobrachialis
muscle bellies were identified and appeared to have adequate
blood supply and normal contractility. All grossly necrotic
tissues encountered in the forearm were debrided before the
wounds were packed with sterile wet-to-dry dressings and
looselywrapped.

He returned to the operating room for irrigation and
debridement of his fasciotomy wounds on post-operative day 4
(Fig. 1-5). At this time, the volar forearm was noted to have
further necrotic muscle, which was sharply debrided. On the
4th day of admission, his creatinine improved to 1.7 mg/dL,
while his BUN was 35 mg/dL (Table 1). This further decreased
on the 6th day of admission to 1.41 mg/dL and 26 mg/dL,
respectively (Table 1). On post-operative day 7, he underwent a
second irrigation and debridement of his wounds, which were
still deemed unacceptable for primary closure. On the 8th day of
admission, the patient’s creatinine and BUN had normalized
(Table 1). The patient subsequently underwent split-thickness
skin grafting on postoperative day 9 for wound coverage.
Donor-site grafting was obtained from the patient’s left anterior
thigh. At the last encounter, the patient had limited elbow and
wrist range of motion. Additionally, he had minimal flexion
movement and no extension in the digits of the hand, and there
was residual pain and paresthesia in his left upper extremity. He
was prescribed Gabapentin for neuropathic pain and referred to
Physical Medicine and Rehabilitation for his paresthesia and
hemiparesis. He was seen by psychiatry for his opioid addiction.
He wasthenlostto further orthopedic follow-up.
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Table 1: Daily BMP trends.

Discussion

There is a paucity of literature reporting on isolated upper
extremity injuries leading to compartment syndrome,
rhabdomyolysis, and subsequent AKI. Acute limb
compartment syndrome occurs when there is an increase in
pressure in a closed fascial compartment [S]. Compartment
syndrome is usually caused by an event that disrupts the venous
outflow and arterial inflow such as tissue injury, burns, vascular
injury, crush injuries, improperly placed casts and splints, tight
bandaging, intense athletic activity, or drug overdoses, which
was the case in this patient. This process can lead to ischemia of
muscles and nerves due to bleeding and/or edema in a closed
muscle compartment and is a surgical emergency [S]. Cellular
ischemia in the context of muscle fibers can lead to
rhabdomyolysis, tissue ischemia, and necrosis [1]. Opiate
overdose has been associated with rhabdomyolysis through an
unclear, multi-factorial mechanism including acidosis, systemic
hypoxia, hypothermia, muscle compression, immunologic, or
direct toxic effects [6-8]. Opioids acting through several
mechanisms, including Mu, Kappa, and Delta agonists, can
affect kidney function. Kappa agonists in experimental data
have demonstrated potential therapeutic efficacy in water
retention and hyponatremia [9].

In the instance of this patient’s injury, pressure from lying on his
right upper extremity for an unknown period impeded blood
flow, leading to compartment syndrome and subsequent
rhabdomyolysis. The isolated nature of his compartment

syndrome and timing correlate with his degree of
rhabdomyolysis. The disease process of rhabdomyolysis is well
documented: degradation of striated skeletal muscle fibers
causes the release of proteins and electrolytes into circulation
and extracellular fluid, leading to its characteristic clinical and
laboratory manifestations [ 1,3]. Rhabdomyolysis can be caused
by numerous processes, including trauma-related crush injury,
exertion, muscle hypoxia, genetic defects, infections, changesin
body temperature, metabolic and electrolyte dysregulation,
drugs, and toxins, as well as other additional causes [9]. This
process may initially present with varyinglevels of severity, from
isolated elevated CK with muscle weakness and myalgias to life-
threatening AKI and disseminated intravascular coagulation
[1,3]. Some of the proteins released into the circulation during
rhabdomyolysis include myoglobin, creatine phosphokinase,
lactate dehydrogenase, alanine aminotransferase, aspartate
aminotransferase, and aldolase [1,9]. A CK level >5000 U/Iin
the absence of concomitant myocardial or brain infarcts is the
most sensitive laboratory marker for rhabdomyolysis [9]. In the
case of this patient, the CK reached 748.818 HHIU/L. Of note,
myoglobinuria typically occurs rarely outside of
rhabdomyolysis, as myoglobin is otherwise not present in the
urine [9]. Once the renal threshold of 0.5-1.5 mg of
myoglobin/dL is exceeded, myoglobin is able to enter the urine,
which classically leads to six grossly tea-colored urines at 100
mg/dL. In this patient, urine myoglobin was measured at
40.370 HH ng/mL. Intracellular electrolytes may also be
released during rhabdomyolysis, most notably potassium,
which can cause a variety of systemic effects, including
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Table 2: Daily CBC trends.

arrthythmia [1,6,9]. In this patient, at presentation, his
potassium was 6.1 mEq/L, which, after adequate hydration,
decreased to 5.8 mEq/L. Hypocalcemia may also occur
following rhabdomyolysis, although it is often not corrected
immediately to avoid potential calciphylaxis. Rhabdomyolysis-
induced AKI, pigment nephropathy, or crush kidney injury
develops following skeletal muscle trauma associated with
physical, thermal, ischemic, infective, endocrinologic, toxic, or
metabolic causes and is associated with high morbidity and
mortality [1,3,6,9]. Muscular and physical trauma are the most
common causes of rhabdomyolysis, as was the case in our
patient. The mechanism of glomerular filtration impairment
due to rhabdomyolysis is obscure but likely due to
vasoconstriction, direct ischemic tubular injury, and tubular
obstruction [9]. If myoglobinuria is sufficiently high, AKI
commonly results [3]. AKI is a heterogenous set of conditions
characterized by a sudden decrease in glomerular filtration rate,
which may be identified by an increase in serum creatinine
concentration or oliguria [3,8,10]. Rhabdomyolysis is one of
the most common causes of AKI, constituting 7-10% of the
injuries [9]. AKlis further classified by stage and cause of injury.

The pathophysiology of AKI secondary to rhabdomyolysis has
not been fully elucidated but likely involves several pathways
that are most associated with myoglobinuria [8,9]. AKIs
resulting from crush injuries have been documented as early as
1908 in German military literature and throughout the Second
World War [4,9,10]. However, there is insufficient literature to
date describing isolated upper extremity incidents leading to
the development of AKI. In the event of rhabdomyolysis,
intrarenal vasoconstriction, direct and ischemic tubular injury,
as well as tubular obstruction, all play a role in AKI [3].
Myoglobin congregates along the renal tubules, which is
enhanced during volume depletion [3, 10]. Obstruction occurs

primarily at the level of the distal tubules, while direct
cytotoxicity occurs in the proximal tubules [3]. This complex
can form tubular casts, which may act as a nitric oxide scavenger
and generate reactive oxygen species (ROS) [3]. ROS cause
tubular toxicity and vasoconstriction, contributing to
decreased renal cortical blood flow [2]. Muscle swelling,
intravascular volume depletion, lactic acidosis, and decreased
cardiac output can all contribute to AKI [11]. AKI is common,
occurring in approximately 20% of hospitalized patients
[9,12,13]. Since this disease state can be caused by a variety of
conditions, treatment is specific to the underlying condition
and is largely supportive and symptomatic in nature [3, 8,9, 12,
13]. If medical management is not feasible and chronic renal
failure ensues, dialysis can be used as a treatment option until
ultimate kidney transplantation. Literature discussing isolated
upper-limb ischemia leading to AKI is lacking. In our patient,
isolated upper-limb ischemia was severe enough to lead to
myoglobinuria and cause AKI. Surgeons caring for trauma
patients with ischemic injuries should remain vigilant for these
potential complications and ensure the early involvement of the
medical and nephrology teams.

Conclusion

This case describes a patient who was found to have isolated
right upper extremity compartment syndrome and subsequent
rhabdomyolysis, which resulted in AKI following an opioid
overdose. This case highlights that an isolated incidence of
upper extremity rhabdomyolysis is sufficient to cause acute
kidney injury. The literature describing this pathology in
isolated upper extremity injuries is limited as this phenomenon
is typically encountered in the setting of lower extremity
compartmentsyndrome.

The pathophysiology and mechanism of this pathology are of
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particular importance to the fields of orthopedic surgery,
nephrology, and internal medicine. This case highlights the
need for early and adequate fluid resuscitation in patients with
isolated upper extremity injuries to minimize the risk of
subsequent AKIL.

Clinical Message

Fluid resuscitation is important in upper extremity compartment
syndrome due to the possibility of rhabdomyolysis-induced AKL
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