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Abstract
Background: Classic heat stroke is defined by a core temperature greater than 40° C, severe dehydration and neurological alterations. Patients with liver
disease due to heat stroke have been described, mostly by exercise. Hepatic failure is defined as the presence of a coagulopathy accompanied by any
degree of hepatic encephalopathy. The primary objective of the study lies in the fact that patients who developed acute liver failure during their hospital
stay had a higher risk of mortality. Methods: A retrospective, analytical study of patients admitted to the General Hospital of Mexicali who suffered from
classic heat stroke from March 2006 through August 2010, and a second period from June 2018 to August 2019. Results: A sample of fifty patients were
recruited, the group included 48 (96%) male, with a total of 10 fatalities, representing 20%. It was observed that parameters such as INR greater than 1.5,
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were not associated to an increased mortality rate. Conclusion: Neither
transaminase levels, nor liver failure, were related to a higher mortality rate in this cohort of patients with classic heat stroke.
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Introduction

Methods

Heat stroke is a severe condition that is commonly seen in countries
with a warm climate. 1 There are two types: classic and exerciseinduced heat stroke. The classic type occurs in individuals who are
exposed to high environmental temperatures without any physical
activity involved. The exercise type occurs in people who are physically
active in warm climates or when the ambient temperature is higher
than they are adapted to or acclimatized.2 In several case reports, liver
disease secondary to heat stroke have been described, mostly by
exercise, with multiple outcomes like successful liver transplant, or no
signs of liver function impairment.3 These patients have a core body
temperature greater than 40° C, severe dehydration and neurological
disorders such as delirium, seizures or coma.4-5

We conducted a retrospective, analytical study of patients admitted to
a secondary university Hospital in the city of Mexicali (México), who
suffered from classic heat stroke from March 2006 through to August
2010, and a second period from June 2018 to August 2019. The reason
there is an 8-year gap between the first and second cohort is that many
patient's records were lost in a fire, the hospital only began
implementing electronic files until 2015, hence the gap. The records
that remained were preserved thanks to a database collected by a
fellow medical resident during those years. Patients admitted to the
emergency department with a diagnosis of heat stroke were included.
A case of heat stroke was defined as central body temperature greater
than 40º C, changes in alertness, and previous exposure to high
environmental temperature.4 Information as sex, age, admission date,
laboratory studies (blood cytometry and chemistry, liver function panel,
coagulation tests), morbidities, and mortality, was collected. The
highest ambient temperature according to The Weather Channel was
recorded the day they were hospitalized.

Acute liver failure (ALF) is defined as the presence of coagulopathy
(INR≥1.5) that is accompanied by any degree of hepatic
encephalopathy, clinically defined by the West Haven criteria.6
The mechanism of coagulopathy development due to acute liver failure
is multifactorial, consisting of decreased synthesis of procoagulant
factors, anticoagulant and fibrinolytic system imbalance (mainly factors
V and VII) and platelet dysfunction, all of this as a result of liver cell
injury. 7-8
Acute liver failure compromises brain metabolism by increasing
cerebral flow, reducing oxygen metabolism and impairing the
cerebrovascular
autoregulatory mechanism.
This
generates
neuroinflammation, which activates the microglia to produce
interlukines and tumor necrosis factor-alpha (TNF-α), these cause
hepatic encephalopathy. 9
We aim to evaluate whether patients who developed acute liver failure
during their hospital stay had a higher mortality rate than those who
did not present liver function impairment.
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Quantitative variables were expressed as mean and standard deviation
(SD) or as median and interval. Student’s t-test was used to compare
continuous variables. The association between quantitative variables
was analyzed using Spearman’s correlation coefficient test.
The categorical variables were expressed as frequencies and
percentages. For the comparison of proportions, the x2 test was applied.
A value of p < 0.05 was considered statistically significant. This study
was approved by Mexicali’s General Hospital Institutional Review Board.

Results
The study group included 48 (96%) male. The mean age was not
obtained due to a lack of information; most of the patients were
homeless and usually arrived with an altered mental status that did
not allow them to respond for themselves during hospitalization, many
of them passed away (20%) before being identified by a relative. Of all
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patients, 19 had an INR > 1.5, with a total of 5 fatalities (OR 1.8, 95%CI
0.45-7.52, p=0.2) (Table 1). INR values ranged from 0.65 to 4.34 with a
mean of 1.30. Spearman’s correlation coefficient for INR levels and
mortality was moderately positive (0.408). Eleven patients had AST
levels five times greater than the normal value with a mean of 575 U/L
(p=0.175).
Spearman’s correlation coefficient for AST levels and mortality was very
low (-0.017). Nine patients had ALT five times greater than the normal
value (values ranged from 16 - 19,136 U/L) with a mean of 559 U/L
(p=0.26). Spearman’s correlation coefficient for ALT levels and mortality
was very low (-0.057) (Table 1). The body core temperature recorded in
patients ranged from 40 °C-42.5 °C with a mean of 42 °C. Finally,
Spearman’s correlation coefficient for body temperature and mortality
was also low (-0.252). There was a 20% mortality rate.
Table 1. Relation of variables and mortality

Mortality
[n (%)]
5 (26)

1.85 (0.45-7.52) 0.205

AST/TGO (>5 times
11 (22)
its normal value)

1 (9)

0.33 (0.03-2.96) 0.175

ALT/TGP (>5 times
9 (18)
its normal value)

1 (11)

0.44 (0.48-4.03) 0.26

Variable
INR >1.5

n (%)
19 (38)

OR (IC 95%)

p-value

Discussion
Several studies have reported the relationship between acute liver
failure and heat stroke induced by exercise.1-6, 10 Numerous case reports
about exercise-induced heat stroke were analyzed, and most of them
presented an increase in liver function enzymes and INR during
hospitalization, meeting criteria for ALF. Giercksky et al. reported a
biopsy obtained on the fifth day of hospitalization with hemorrhagic
centrilobular necrosis with diffuse ballooning of the hepatocytes and
moderate mixed portal and lobular inflammatory infiltrate.1 Figiel et al.
analyzed five patients with ALF who met criteria for liver transplant,
three of them underwent surgery and survived, maintaining close
follow-up during the consecutive year without complications. One of
the non-transplanted patients developed intracerebral hemorrhage,
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while the other patient recovered spontaneously on the fourth day.3
This is a retrospective study within a specific period, March 2006 thru
August 2010, and a second period from June 2018 to August 2019,
including patients with ALF due to classic heat stroke. However, the
definition of acute liver failure (INR≥1.5 and encephalopathy) can be
ambiguous in these patients, 6 because encephalopathy is a common
manifestation in patients with heat stroke.
Heat stroke is characterized as a multi-organ dysfunction; previous
studies have stated that it mostly occurs in patients with
multimorbidities and severe hemodynamic instability.11 In this cohort
of patients, we did not find that liver dysfunction contributes to
increased mortality. Davis et al. reported a case of liver failure in a
patient with heat stroke induced by exercise, they considered that
hypophosphatemia was a risk factor for liver damage, 6 Our study could
not study this particular variable due to limitations in the design.
Other authors have previously established acute liver failure’s
incidence at 5% in patients with heat stroke due to exercise.3 In
contrast, our study demonstrated double the incidence without an
increase in mortality. There is a great difference between exertional and
classic heat stroke, the pre-existent physical condition of a patient who
suffers from exercise induced heat stroke is not the same as the one
seen at the General Hospital of Mexicali. The hospital receives a great
amount of cases of classic heat stroke during summertime, therefore
the staff has developed expertise on the matter, although there are not
any written guidelines for management. The main strength of this study
is the sample size obtained for such an uncommon disease.
Nonetheless, compared to patients who suffered exertional heat stroke,
our group is conformed of homeless people with an unknown history
of comorbidities or previous liver damage. Classic heat stroke has a
high incidence during summer in our community, further studies are
necessary to evaluate the association between ALF and classic heat
stroke.
There are multiple weaknesses in our work, such as including two
cohorts separated in time, the absence of further workup for multiorgan failure or other causes of hepatic liver failure. However, we are
at an advantage seeing that heat stroke is an uncommon disease
worldwide, yet fairly common in our city, which allowed us to report
its impact to liver function.
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