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Unusual clinical course

Carbon monoxide poisoning is a common reason for Emergency Department admissions worldwide. The symp-
toms of carbon monoxide poisoning vary from headache and dizziness to severe neuropsychological and car-
diac impairment. However, psoas major and iliopsoas hematomas are a rare complication of carbon monoxide
poisoning.

A 46-year-old man with carbon monoxide poisoning, after he had been exposed to burning coal without prop-
er ventilation, presented with right low back pain on day 7 after onset. After 2 days, ecchymosis of the right
flank occurred, and his hemoglobin concentration gradually decreased. Psoas major and iliopsoas hematomas
were shown on computed tomography (CT). The hematomas were successfully treated with transfusions and
physical therapy. Owing to the absence of skeletal muscle compartment syndrome, surgical decompression
was unnecessary. The patient did not receive anticoagulant therapy during his hospitalization.

The direct toxicity of carbon monoxide on the muscles and body weight-induced muscle compression caused
skeletal muscle ischemia and necrosis in our patient. The risk of rhabdomyolysis and coagulation abnormality
was elevated. Finally, intramuscular hemorrhages occurred in our patient. When a patient has back pain and
decreased hemoglobin levels, clinicians should consider the possibility of psoas major and iliopsoas hemato-
mas, and the administration of anticoagulation should be used with caution after admission.

Anticoagulants ¢ Hematoma ¢ Hyperbaric Oxygenation ¢ Psoas Muscles ¢ Carbon Monoxide Poisoning
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Background

Carbon monoxide poisoning is a common medical emergency
worldwide [1], which results in more than 50 000 emergen-
cy department visits per year in the United States and 1500
carbon monoxide poisoning-related deaths [2]. The clinical
manifestations of carbon monoxide poisoning are nonspe-
cific. The symptoms of mild exposures to carbon monoxide
are headache, myalgia, dizziness, and neuropsychological im-
pairment [3]. Severe exposures can lead to disorders of con-
sciousness, loss of consciousness, and even death [2]. Common
complications include myocardial damage, brain edema, pul-
monary edema, and delayed encephalopathy after acute car-
bon monoxide poisoning. However, carbon monoxide poison-
ing complicated with psoas major and iliopsoas hematomas
have not been reported. In the present case, the hematomas
were found only in the psoas major and iliopsoas, and no he-
matomas were found elsewhere, such as in the head, chest,
and extremities. This is the first report to demonstrate that
psoas major and iliopsoas hematomas can be a complication
of carbon monoxide poisoning before anticoagulant therapy.

Case Report

A 46-year-old man was admitted to the hospital for loss of
consciousness for 10 hours (day 1). He had been exposed to
burning coal without proper ventilation. He had no trauma or
injuries. Before admission, he lay on his bed. The patient had
a history of hepatitis B virus (HBV) infection for more than
8 years and presented with inactive chronic HBV. He did not
have a history of smoking or drinking alcohol. His vital signs
were as follows: respiratory rate, 25 breaths/min; heart rate,
80 beats/min; blood pressure, 110/86 mmHg; and tempera-
ture, 36.5°C. He was unconscious, and his Glasgow Coma Scale
score was 8. His pupils remained sluggishly reactive, with a di-
ameter of 2.5 mm. Chest auscultation revealed rough breath-
ing sounds. The skin was normal, without bruises or rashes,
and trauma and injuries were excluded. His neurological ex-
amination result was normal. Laboratory test results revealed
a red blood cell (RBC) count of 5.14x10°/L, hemoglobin count
of 156 g/L, carboxyhemoglobin of 58%, and white blood cell
count of 25.79x10°/L, with 87% neutrophils. The creatine ki-
nase level was 4255 IU/L (reference range, 25-170 IU/L), and
the creatine kinase-MB isoenzyme level was 70 IU/L (reference
range, 0-17 IU/L). The serum alanine aminotransferase lev-
el was 61 U/L, and the aspartate aminotransferase level was
98 U/L. Blood coagulation function results showed a prothrom-
bin time of 14.9 s, partial thromboplastin time of 24.9 s, and
thrombin time of 13.7 s. The coagulation factor test showed a
factor V of 3.2 mg/mL, antithrombin Ill of 271 mg/L, protein C
of 81%, and protein S of 98%. Relevant examination findings
of hepatitis B revealed HBV DNA levels of 1550 IU/mL. Based
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on the above characteristics, the primary diagnosis was car-
bon monoxide poisoning and inactive hepatitis B.

After admission, the patient was treated with mechanical ven-
tilation and symptomatic therapies, such as expectorant, di-
uresis, anti-infective, and myocardial support. He returned to
full consciousness, and was successfully weaned off the ven-
tilator after 3 days of mechanical ventilation. He had no symp-
toms, such as back pain, at that time. He continued bed rest
and did not sit on the edge of the bed. Hyperbaric oxygen ther-
apy (HBOT) was conducted twice per day while the patient was
in a stable disease condition. On day 7 after onset, the patient
reported having right low back pain. By day 9, the patient had
right leg deep blunt pain of a sudden onset. There was no his-
tory of falling and injury during hospitalization. Physical exam-
ination showed an ecchymosis on the surface of the right flank
of the abdomen, with a size of 10x9 cm, and the local tender-
ness was positive. A large area of ecchymosis was present in
the posterolateral of the right thigh and the scrotal region. We
considered that the ecchymosis was the result of blood leak-
age. The patient’s muscle strength of both lower limbs had a
Lovett scale score of 4. Emergent examination by abdominal
computed tomography (CT) showed right psoas major and bi-
lateral iliopsoas hematomas, and the fascia was thickened and
swollen (Figure 1), with the CT mean value of 19 Hounsfield
units. Abdominal ultrasonography showed an anechoic area of
the bilateral iliac fossa, intra-abdomen, pelvis, and rectovesi-
cal pouch, with a greatest depth of about 14 mm, which was
considered as a possible hemorrhage. No hematomas were
found in other regions, such as the head, chest, and extremities.

Emergent examination by an arterial blood gas analysis
showed metabolic acidosis, with a pH of 7.20 (reference range,
7.35-7.45). Blood coagulation functions showed a prothrom-
bin time of 9.8 s, partial thromboplastin time of 53.3 s, and
thrombin time of 13.6 s. Routine laboratory tests showed an
RBC count of 2.73x10'/L, hemoglobin of 63 g/dL, and a plate-
let count in the reference range. Comparing those parame-
ters with those on admission, we noted that the hemoglobin
concentration was decreased. The possibility of a rupture of
the right psoas major hematoma was considered immediate-
ly, and the patient was given supportive transfusions of RBC
and plasma and correct metabolic acidosis. The patient was
considered to be hemodynamically stable. He had no marked
femoral nerve compression, and there was no indication for
surgical exploration or embolization. HBOT was stopped, and
he was given physical therapy and external application of tradi-
tional Chinese herbal medicine. By day 12, his symptoms were
relieved, and his hemoglobin was stable at 100 g/L. Because
the bleeding had stopped, HBOT was continued.

Before the deep muscle hematomas occurred, there had been
no tendency of bleeding in this patient, such as gum bleeding,
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Figure 1. The abdominal computed tomography scan on day 9. White arrows ({) indicate the hematomas in the bilateral psoas major
and iliopsoas (A, B). On the right side, the white arrow indicates (A) the accumulation of blood in the psoas major with the
mean value of 19 Hounsfield units, and (B) the fascia between psoas major and iliopsoas with thickening and swelling.

petechiae, hematuria, or bloody stool. The coagulation func-
tion test, coagulation factor tests, including factor V, anti-
thrombin 3, proteins C and S, and routine laboratory tests
were normal, revealing no indications of a hemorrhagic con-
dition, such as hemophilia.

In the 4" week, the patient presented with weakness of the
bilateral lower legs and an inability to stand, without cogni-
tive decline and dementia. Magnetic resonance imaging (MRI)
of the brain and an electromyogram of the bilateral lower legs
did not show significant changes; therefore, we ruled out the
possibility of delayed encephalopathy after acute carbon mon-
oxide poisoning. The patient was discharged after 2 months of
HBOT, neurotrophic treatment, and rehabilitation treatment.
During 2 years of follow-up, the patient presented with no
neuropsychiatric symptoms.

Discussion

Carbon monoxide poisoning can lead to a severe disturbance
of consciousness, brain edema, pulmonary edema, shock, and
severe cardiac impairment. However, to the best of our knowl-
edge, there has been no case of carbon monoxide poisoning
complicated with psoas major and iliopsoas hematomas re-
ported to date. The affinity of carbon monoxide for hemoglobin
is more than 200 times that of oxygen, resulting in the combi-
nation of carbon monoxide with hemoglobin to form carboxy-
hemoglobin while the oxyhemoglobin dissociation curve shifts
to the left, causing hypoxia [4]. The toxicity effect on skele-
tal muscle is one of the complications associated with carbon
monoxide poisoning [5]. Carbon monoxide causes hypoxia
by inhibiting mitochondrial respiration and impairing cellular
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respiration, resulting in an inflammatory response and the pro-
duction of large amounts of free radicals [2].

A hematoma of the psoas major and iliopsoas is a very rare
complication. Artzner et al reported that 0.3% of patients in
the intensive care unit develop iliopsoas hematomas [6], while
the incidence in patients in the general ward is unclear. Age,
obesity, hemodialysis, trauma, iatrogenic injury, liver disease,
hematological disease, anticoagulation, and antiplatelet ther-
apies seem to be risk factors of developing psoas major and
iliopsoas hematomas [6-9]. Furthermore, nontraumatic ilio-
psoas hematomas are usually present in patients with hemo-
philia and anticoagulation therapies [7] and are even a compli-
cation of tetanus [10]. Taniguchi et al reported that sitting on
the edge of the bed was associated with iliopsoas hematomas
in patients with extracorporeal membrane oxygenation [11].
No previous reports have suggested a relationship between
psoas major and iliopsoas hematomas and carbon monoxide
poisoning, and the present case report is the first to demon-
strate that psoas major and iliopsoas hematomas can be a
complication of carbon monoxide poisoning.

In our report, the pathogenesis of psoas major and iliopsoas he-
matomas may be related to the following factors. Carbon mon-
oxide has a direct toxic effect on tissues and cells, especially
the skeletal muscle, which can subsequently lead to anaerobic
metabolism, cellular hypoxia, lactic acidosis, inflammation re-
action, and apoptosis [2,5]. Meanwhile, carbon monoxide can
damage vascular endothelial cells and increase vascular per-
meability, which can lead to deep muscle hematomas. The af-
finity of myoglobin for carbon monoxide is lower than that of
the affinity of hemoglobin for oxygen. Myoglobin-bound carbon
monoxide can show accumulation in skeletal muscle due to a
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weak disassociation property after exposure to carbon mon-
oxide [5]. The present patient had a long period of bed rest,
without sitting upright or having trauma after awakening. In
patients with carbon monoxide poisoning, their own weight
increases the pressure of the muscle compartment, leading to
muscle swelling and ischemia. The waist is the center of grav-
ity of the body, and the continuous compression of the psoas
major and iliopsoas causes the production of increased car-
boxyhemoglobin and the aggravation of anoxia. Thus, skele-
tal muscle necrosis and rhabdomyolysis occur, leading eventu-
ally to hematomas. Previous literature has also indicated that
HBOT should be used in cases of carbon monoxide poisoning
because this treatment can improve the state of tissue hypox-
ia to reduce the injury induced by anoxia [12]. Acute renal fail-
ure can be caused by rhabdomyolysis, and metabolic acidosis
follows. Patients with acute renal failure develop coagulation
abnormalities, and the risk of hematomas also increases [13].
According to the American Association for the Study of Liver
Diseases 2018 Hepatitis B Guidance, the present patient, with
HBV DNA levels of 1550 IU/mL, could be diagnosed with in-
active chronic HBV [14]. This patient had no previous coagu-
lation abnormality, no previous use of anticoagulant agents,
and no underlying disease associated with hemorrhagic con-
ditions. Therefore, we ruled out the possibility of liver diseas-
es, hidden coagulopathy, and the use of anticoagulants. This
patient had no history of trauma, injury, or assault prior to or
during hospitalization. There were no additional skin findings,
including petechiae or bruising from the initial body examina-
tion, and although we did not perform the abdominal CT for
the patient on admission, we ruled out the possibility of trau-
ma. Therefore, we suggested that the psoas major and iliopsoas
hematoma was a complication of carbon monoxide poisoning.

The clinical presentation of psoas major and iliopsoas hema-
tomas is unspecific, including back, lower abdominal, or groin
pain, anemia, limitation in hip extension and bending, positive
psoas sign, femoral neuropathy, and hemodynamic instabili-
ty [15]. The treatment depends on bleeding severity, hemody-
namic stability, and the degree of neurological deficit of the
patient [7]. In the present case, the creatine kinase level was
abnormal, with a peak level of 4255U/L in the early stage, and
the patient reported abdominal and back pain.

When ischemia and edema occur in the iliopsoas, rhabdomy-
olysis follows, leading to skeletal muscle compartment syn-
drome. After the hematoma ruptures, the blood flows into the
abdomen, leading to acute hemorrhagic anemia. Meanwhile,
the symptom of femoral nerve compression is relieved imme-
diately after the compartment pressure decreases. When the
hematomas occurred in the present patient, the examina-
tion revealed active bleeding, HBOT was stopped, and the pa-
tient was treated with conservative treatment, including bed
rest, blood transfusion, hemostatic treatment, and external
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application of Chinese herbal medicine, without surgical ex-
ploration or embolization, and these treatments were effec-
tive. HBOT was conducted when the hematomas were stable.
The patient received more than 2 months of HBOT, and the he-
matomas of the psoas major and iliopsoas were finally com-
pletely absorbed. HBOT is an important adjuvant therapy in
the treatment after fasciotomy, which can maximize salvaged
tissue, wound healing, and overall outcomes. Applying HBOT
in the early stage can prevent the need for fasciotomy alto-
gether [16]. We had suggested an MRI to detect identify the
distribution and extent of muscle damage; unfortunately, the
patient refused it for economic reasons.

In the management of severe carbon monoxide poisoning,
the patient can have prolonged coma and muscle weakness.
This case highlights that clinicians should be on alert for tox-
ic effects of carbon monoxide on skeletal muscle. Local body
weight may induce psoas major and iliopsoas hematomas
rather than hematomas in other regions, such as the extrem-
ities. Moreover, when the patient is unconscious, it can be
difficult to identify back or abdominal pain from the patient.
Therefore, we should perform the physical examination and
imaging examination as early as possible and apply anticoag-
ulant therapy with caution.

Conclusions

This is the first report to describe a case of carbon monoxide
poisoning complicated with psoas major and iliopsoas hema-
tomas in a patient without anticoagulant therapy. Clinicians
must be alert to the toxic effect of carbon monoxide on the
skeletal muscle and be aware that the patient’s own weight
can increase the risk of deep muscle hematomas, especially
the psoas major and iliopsoas. Thus, the possibility of psoas
major and iliopsoas hematomas as a complication of carbon
monoxide poisoning should be considered in patients with
back pain, decreased hemoglobin, and high risk of thrombo-
sis (eg, long period of coma or muscle weakness) and when
there is evidence of rhabdomyolysis. Anticoagulation thera-
py should be used with caution before and during the occur-
rence of hematomas.
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