AT THE BEDSIDE

Fulminant liver failure in a street runner: Effects of heat stroke
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INTRODUCTION
Running is one of the most democratic sports, requiring
few resources for its practice. In recent years, the number
of participants in street races has been growing exponen-
tially. A survey by the Sdo Paulo State Athletics Federation
(FPA, in the Portuguese acronym) shows an increase of
about 10% per year compared to the number of participants
between the years 2010 and 2014 (http://www.atletismofpa.
org.br/Corrida-de-Rua/Estat%C3%ADstica-2014). The
growth of street races positively influences the regular
practice of physical exercise by its competitors, but it is
important to recognize that the risks also tend to grow.
Therefore, it is critical that such events be practiced
safely and with adequate contingency plans, especially
with regard to responding to medical emergencies by
trained professionals.

The objective of this article was to report a case of
fulminant liver failure in a street runner who developed
heat stroke.

CASE REPORT

Our patient is a 35 year-old male from London, England.
He was married, worked in the marketing department of a
tobacco company, and had been living in Rio de Janeiro for
six months. He was participating in a relay marathon (10 km
race for each participant) at Aterro do Flamengo, Rio de
Janeiro, on a summer morning (local temperature of
35°C/95°F), when he lost consciousness and was taken by

We present a clinical case of liver failure induced by heat stroke.
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ambulance to a public municipal hospital. According to
reports, the patient was hyperthermic (axillary temperature
[TAx] = 40.2°C/104.3°F) and had tachycardia (regular
rhythm, heart rate [HR] = 140 bpm), psychomotor agitation
and disorientation. Other than that, the physical examina-
tion was normal. He was given venous esmolol hydrochlo-
ride (150 mg/S minutes) and hydration with saline solution
(1,000 mL). Five hours later, he was transferred to a private
hospital. He was still disoriented and agitated, with TAx =
39°C/102.2°F, HR = 132 bpm, blood pressure (BP) = 160
x 80 mmHg; respiratory rate (RR) = 22 breaths per minute,
peripheral O, saturation = 97%, capillary blood glucose =
104 mg/dL. Other than that, the physical examination was
also normal. Thorough venous hydration was performed,
yielding relative improvement of the patient’s state of con-
sciousness. We requested more clinical tests (D1) (Table 1).
An electrocardiogram revealed sinus tachycardia, without
other abnormalities, while an echocardiogram showed only
hyperkinesia. Arterial blood gas (ABG): pH = 7.45; pO2 =
94.7 mmHg; pCO2 = 29.3 mmHg; base excess (BE) = -8.5;
HCO3 = 15 mmol; O, saturation = 98%. Urine sediment
examination revealed hemoglobinuria. Head computed
tomography (no alterations) and face sinuses were per-
formed, the latter revealing maxillary sinusitis. IV hydration
was maintained and antibiotic therapy with amoxicillin/
clavulanate was started for sinusitis treatment.

The following day, the opinion of a specialist in sports
medicine was requested. The patient remained very sleepy
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and so the story was taken from a coworker who had ac-
companied him in the race. The coworker informed that
beginning in the fifth kilometer of the race, the patient
started to breathe “in a strange way” and that in the ninth

kilometer he did not respond to any request and used dis-
connected words, to the point where, in the tenth kilome-
ter, the patient lost consciousness and fell to the ground.
It was not possible to obtain details on the hydration mea-
sures adopted during the race. Despite having participated

in races in England, this was his first race in Rio de Janeiro.
He had not been training over the past few months. He

made regular use of alcohol (not quantified) and had at-
tended a company party the day before the race. In addition,
there was a history of influenza-like illness in the previous

week, treated with non-steroidal anti-inflammatory drugs.
There were no other relevant data in the history and it was

not possible to gather information about the patient’s

previous family or disease history.

Considering the diagnosis of heat stroke and the
possibility of rhabdomyolysis, we implemented vigorous
hydration (6 L/day of saline solution), maintenance of
the patient in a refrigerated environment and alkalini-
zation of urine with bicarbonate, leading to improvement
of his general condition. In the following hours, the
patient regained consciousness, with proper orientation
and without psychomotor agitation. He was tachypne-
ic (RR = 24 breaths per minute), with BP = 120 x 80
mmHg, Tax = 37°C/98.6°F. Serum lactate = 1.9 mmol/L.
However, the next day, there was clinical worsening again,
progressing to coma (Glasgow Coma Scale = 4). Orotra-
cheal intubation was performed and the patient was
transferred to the ICU (test results shown in Table 2,
D2). Scores usually adopted in intensive care yielded
SOFA =8 and APACHE II = 10. As shown in Table 1, the
patient progressed with rhabdomyolysis, thrombocyto-
penia, coagulopathy and hepatic failure. Thorough hy-
dration and alkalinization of urine were maintained.
Serologies and antibody testing were negative for HIV,
and hepatitis B and C. Toxicological tests were also
negative. In order to avoid potential bleeding, aprotinin
and vitamin K were administered.

This was therefore a case of severe fulminant liver
failure (Child-Turcotte-Pugh score: 12 points), resulting
from heat stroke, an event with mortality estimated to be
65-90% at one year. The possibility of liver transplantation
was considered. However, as shown in Table 1, after nine
days, the patient progressed with important laboratory
and clinical improvement (D9), being discharged in good
general condition the following week.

TABLE 1 Blood test results, patient’s evolution.

Test D1 D2 D3 D9
Hemoglobin (g/dL) 11.9 13.2 12.8 11.8
WBC count (n/mm?) 11,000 9,600 7,800 8.9
Platelet count (n/mm?) 138,000 42,000 50,000 203,000
Potassium (mEq/L) 3.6 3.4 3.4 4.3
Sodium (mEq/L) 146 144 142 138
Calcium (g/dL) 9.0 8.5 8.7
Phosphorus (g/dL) 2.2 4.3
Urea (mg/dL) 39 42 21 26
Creatinine (mg/dL) 1.7 1.6 1.3 1.1
CPK (U/L) 278 6,496 10,220 350
Lactate (mmol/L) 5.9 1.9 2.4 1.0
Total bilirubin (mg/dL) 2.5 1.9 1.0
Gamma-glutamyl 139 135 113
transferase (U/L)

Glutamic pyruvic 35 2,329 4985 100
transaminase (U/L)

Glutamic oxaloacetic 51 1,596 3,836 120
transaminase (U/L)

Alkaline phosphatase (U/L) 82 60
Fibrinogen (U/L) 212 1
Activated partial 59 18 11 89
thromboplastin time (%)

INR 1.39 3.67 5.69 1.5
D-dimer (ng/mL) 7,972 8,801

pH urine 5.0 5.0

WBC: white blood cells; CPK: creatine phosphokinase; INR: International Normalized Ratio;
D: day of hospitalization.

TABLE 2 Stages of heat stroke.

Stage Characteristics

Hyperthermic Neurologic deficit and hyperthermia

Hematologic and enzymatic  Leukocytosis, coagulopathy, increased

cellular enzymes

Renal and hepatic impairment ~ Acute kidney and liver failure

Discussion

Heat stroke is a potentially fatal condition characterized by
central body temperature above 40°C/104°F and central
nervous system disorders including delirium, seizures, and
coma.! US data show that there were 7,000 heat deaths in that
country between 1979 and 1997.2 According to Casa et al.,**
these deaths continue to occur due to lack of information
regarding diagnosis and treatment of heat stroke. Although
there is no Brazilian statistic, considering the weather, we
can infer that heat stroke also causes victims in the country.
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Heat stroke can be induced by exposure to high tem-
peratures (unrelated to physical exercise) or secondary to
strenuous physical exercise. Bouchama & Knochel' proposed
a pathophysiological definition for heat stroke that applies
perfectly to the case reported here: “A form of hyperthermia
associated with a systemic inflammatory response leading
to a syndrome of multiorgan dysfunction in which en-
cephalopathy predominates.” The main complications of
heat stroke are related to multiorgan dysfunction. Three
phases are proposed for heat stroke, as shown in Table 2.

Exposure to heat or strenuous exercise at high tem-
peratures does not always progress to heat stroke. Genetic
factors may determine the susceptibility of certain indi-
viduals to the development of heat stroke, such as chang-
es in the production of cytokines, coagulation proteins
and heat shock proteins involved in thermal adaptation.®

In the case reported here, it is possible to identify some
factors that probably contributed to the development of’
heat-induced multiorgan organic failure. The patient had
not become properly acclimatized. Although he had been
in Rio de Janeiro for about six months, he had not been
training since he moved from England. Armstrong et al.®
demonstrated the importance of acclimatization, not only
regarding environmental temperature, but also in relation
to the performance of training in the competition clothing
in order to avoid the occurrence of heat stroke.

The initial care provided to the patient should also
be carefully evaluated. The low rate of suspicion of heat
stroke by first responders clearly contributed to the cata-
strophic progression of the patient’s condition. Early
recognition of heat stroke and proper treatment at the
competition site could have prevented multiorgan dys-
function. Measures to facilitate heat loss should have
been promptly initiated.* It is known that rapid cooling
and adequate management of circulatory shock can pre-
vent tissue damage and death.” Although there is no pre-
ferred method for cooling, immersion in ice water proved
to be effective in cases of exercise-induced heat stroke.
Although no controlled studies comparing the effective-
ness of immersion and evaporative cooling were con-
ducted, a meta-analysis published in 2007 suggests that
immersion in ice water is the most effective method.”
However, this method is less practical, making it difficult
to access submerged body parts and requiring continuous
monitoring of patients due to the risk of drowning.

Some medications can facilitate the occurrence of
heat stroke, namely alcohol, alpha-adrenergics, amphet-
amines, anticholinergics, antihistamines, benzodiazepines,
beta-blockers, calcium channel blockers, diuretics, laxa-
tives, neuroleptics and tricyclic antidepressants.®® Alcohol

use on the eve of competition and beta-blocker adminis-
tration at first care may have contributed to the unfavor-
able outcome in this case.

Finally, we must comment on the occurrence of liver
failure. Weigand et al.'® reported two cases of liver failure
associated with exertion-induced heat stroke, suggesting
that heat stroke and exhaustion were underestimated causes
of liver failure. Later, Garcin et al.'! followed a cohort of
110 patients with heat stroke and concluded that 22.7%
(25 subjects) of them progressed with liver failure.

Recently, the Acute Liver Failure Study Group'? iden-
tified eight patients with heat stroke in a prospective
American cohort of 2,675 patients with acute liver injury.
One of these patients underwent liver transplantation. In
fact, cases in which hepatic transplants were performed
under these conditions are rare.!?

Hepatocellular necrosis is consequent to thermal and
circulatory shock, endotoxemia and high concentration
of cytokines and acute-phase proteins.!! However, the
only predictor for the occurrence of liver failure was hy-
pophosphatemia, also seen in our patient.*** It is note-
worthy that there is no evidence that hypophosphatemia
is the cause of liver dysfunction.

A report from the Acute Liver Failure Study Group
found 25% of deaths in patients with liver failure sec-
ondary to heat stroke diagnosed between January 1988
and April 2015 in the United States.'? Varghese et al.’s
followed 28 victims of heat stroke and concluded that
the high mortality of these cases is due to multiple
organic dysfunction.

Predictive factors for the development of multiple
organ dysfunction in these patients include: increased
creatine phosphokinase (> 1,000 U/L), metabolic acidosis
and increased liver enzymes.

ConcLusION

Heat stroke is a potentially fatal entity whose complica-
tions can be avoided if simple therapeutic measures are
promptly initiated. Awareness of health professionals
working in sports and emergency settings is crucial to
achieving the best prognosis for these patients.

Resumo

Insuficiéncia hepdtica fulminante em corredor de rua:
efeitos do colapso por calor

Apresentamos um caso de insuficiéncia hepdtica decorren-
te de colapso por calor. Trata-se de entidade pouco conhe-
cida e, provavelmente, subdiagnosticada em nosso pais.
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Palavras-chave: Insuficiéncia Hepatica. Golpe de
Calor. Febre.
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