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Inrecentyears, there has been an increase in complications related to heat stroke
(HS), especially those affecting the neurological system. The co-occurrence of
HS and Guillain—Barré syndrome (GBS) is exceptionally rare, with fewer than 15
documented cases. This case report describes a patient who developed GBS
following an HS and includes a literature review that highlights the rarity of this
neurological complication. This study aimed to increase awareness and aid in
clinical decision-making regarding the management of classic HS.
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1 Introduction

In recent decades, extreme climate change has contributed to a continuous rise in
global sea surface temperatures. In the last decade, this trend has led to an increased global
incidence of heat stroke (HS) (1, 2), which carries a high mortality rate despite ongoing
efforts to improve its prognosis through various treatment modalities (3, 4). Hyperthermia,
resulting from HS, is a type of neuropathy that can lead to severe neurological
complications, including hypothermia, altered mental state, agitation, combativeness,
seizures, and significant changes in consciousness levels, primarily due to the heightened
sensitivity of human neuronal cells to heat. Neuroimaging studies of HS patients have
revealed that the cerebellum is the most commonly affected region, followed by the
hippocampus, the midbrain, and the thalamus (5). Injuries to the peripheral nervous
system, particularly the combination of HS and Guillain-Barré syndrome (GBS), are
extremely rare. GBS is an acute, immune-mediated inflammatory peripheral neuropathy
that typically presents with a sudden onset, with the majority of symptoms intensifying
within approximately 2 weeks. It causes damage to multiple nerve roots and peripheral
nerves, leads to cerebrospinal fluid (CSF) protein—cell dissociation, and is self-limiting (6).
GBS is recognized as a rare potential consequence of HS, with Fewer than 15 documented
cases (7, 8). This report describes a patient who developed GBS following HS and provides
a literature review to highlight this unusual neurological complication. This study aimed
to raise awareness of the condition and support clinical decision-making regarding the
management of classic HS (CHS).

2 Case report

A 71-year-old man with a history of hypertension and a cerebral infarction 6 months
earlier, which resulted in right upper and lower limb dysfunction (manual muscle strength
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score of 4), was admitted to the emergency department. He had
no family history of genetic diseases. The patient was found
consciousness in an unventilated space for an unknown duration
on 13 July 2023.

Upon admission, his core body temperature was >41°C.
Vital signs included blood pressure of 139/69 mmHg, pulse
rate of 149 beats/min, respiratory rate of 33 breaths/min,
oxygen saturation of 88%, and blood glucose level of 11.13
mmol/L. He was comatose, with a Glasgow Coma Scale score
of E2V2M4, absent light reflexes, and distant heart sounds.
Initial blood tests showed respiratory alkalosis and metabolic
acidosis (pH 7.610, pCO, 18 mmHg, HCO3~ 18.1 mmol/L, Lac
4.2 mmol/L), renal and hepatic dysfunction (serum creatinine
165 pmol/L), elevated inflammatory markers (white blood
cell [WBC] count 16.5 x 10°/L; procalcitonin 23.09 ng/mL),
myocardial damage (serum troponin I 2.5 ng/mL; creatine kinase-
MB isoenzymes 105.19 ng/mL), rhabdomyolysis (methaemoglobin
> 1,000 ng/mL), thrombocytopenia (platelet count 46 x 10°/L),
and disseminated intravascular coagulation (DIC) with an
International Society of Thrombosis and Haemostasis (ISTH)
score of 7. His electrocardiogram showed nodal tachycardia,
and a computed tomography (CT) scan of the brain revealed
no abnormalities. His Acute Physiology and Chronic Health
Evaluation (APACHE) II score was 33 (Appendix 1).

He was diagnosed with severe HS, multi-organ dysfunction
syndrome, and a lung infection. His treatment included cooling
measures, such as using an ice blanket, administering fluid
infusions, providing oxygen through a mask. He underwent
plasma transfusions and received treatment for dehydration to
help lower intracranial pressure. Additionally, he was given
anticoagulant therapy, support for his liver and kidney functions,
prophylactic antibiotics, and both enteral and parenteral nutrition.
These interventions also aimed to address internal environmental
disturbances. The patient began hyperbaric oxygen therapy after
1 week. By the 10" day of treatment, his level of consciousness
improved, and he was able to eat and move independently. After
5 days of hyperbaric oxygen therapy and communicating his
condition with the family, he was transferred to the rehabilitation
department for further treatment.

Two weeks after his initial recovery, while still in the
rehabilitation department, the patient developed a low-grade fever
and showed progressively decreasing muscle strength, along with
absent deep tendon reflexes. He did not experience diarrhea and
was unable to respond to questions, although his swallowing
function was preserved. His serum potassium levels were normal,
and inflammatory markers, including procalcitonin and C-reactive
protein, were within the normal range. Etiological cultures yielded
negative results. Despite physical rehabilitation of the limbs and
electromyographic stimulation therapy, his symptoms did not
improve. After 1 month, he was transferred to the neurology
department for further diagnosis and treatment. Contrast-
enhanced magnetic resonance imaging ruled out myelopathy,
and CSF analysis showed albuminocytologic dissociation, with
a white cell count of <10 cells/uL and elevated protein levels.
Electromyography and nerve conduction velocity studies revealed
symmetrical peripheral nerve injury in the extremities, affecting
both motor and sensory functions (Tables 1, 2). The patient was
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diagnosed with GBS and treated with intravenous immunoglobulin
at a dosage of 400 mg/kg per day for 5 days. He was drowsy, his
speech was slurred, his limb strength was rated level 1, his muscle
tone was reduced, and his bilateral pathological signs were negative.

One and a half months later, the patient was transferred back
to the rehabilitation department of our hospital. His treatment
involved acupuncture at six points on both sides of the limbs:
the anterior shoulder, scapula, shou san li, wai guan, he gu, and
xue hai. He also continued to receive limb function training and
electromyographic stimulation rehabilitation (Figure 1).

After 3 months, he exhibited neurological sequelae, including
upper limb dysfunction characterized by a manual muscle strength
score of 2 and absent deep tendon reflexes, along with non-fluent
speech. After a year, his condition improved only minimally; he
remained bedridden and was unable to engage in self-care activities.
This case demonstrates that HS-induced GBS progresses rapidly
and has a poor prognosis. The impact on patients’ quality of life
is significant, with most patients unable to care for themselves.

3 Discussion

3.1 Impact of HS and GBS on the elderly,
young adults, and children

HS is characterized by neurological symptoms resulting from
an excessively high core body temperature, such as seizures and
altered consciousness. It may occur with or without persistent
multi-organ failure, and it has the potential to impair various
organs and tissues, including the brain, myocardium, liver, and
muscles. Notably, the brain is the most vulnerable organ to damage
during HS and may suffer permanent neurological damage, which
can be fatal. HS results primarily from an imbalance between
heat generation and heat dissipation in the body due to passive
exposure to a hot environment. It can be categorized as CHS
or exertional HS (EHS). Notably, elderly patients with chronic
illnesses or compromised immune function have a greater risk
of CHS, whereas most often, healthy adults, typically athletes,
firefighters, and sanitation workers, are at risk of EHS. Children,
especially preschool children, are at a higher risk of developing
HS than adults because their immature physiology prevents an
appropriate response to a high environmental temperature and
humidity. The prognosis also differs with age. Elderly patients
suffering from HS have a mortality rate of 70%—80%, as their
poor thermoregulatory ability and the presence of multiple
chronic disorders increase the risk of multi-organ dysfunction.
By contrast, young patients generally have better reserves and, in
most cases, fully recover through timely treatment; however, long-
term cognitive and neurological dysfunctions are possible. Children
who recover from HS are at an increased risk of experiencing it
again, and those with severe HS may have prolonged physiological
responses to physical exertion in hot environments (2, 5, 9, 10).

Delgado et al. (11) reported a case of CHS that severely affected
the central nervous system, particularly the spinal cord, despite
there being no damage to the cerebrum. This case highlights
that, in addition to the cerebellum, the spinal cord is also
particularly sensitive to high temperatures. The mortality rate
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TABLE 1 Nerve conduction velocities.

Latentcy (ms) Amplitude (mV) Distance (mm) Conduction
velocity (m/s)
R R R R
Motor nerve conduction velocities
Peroneal
Ankle—Extensor digitorum brevis Not 4.8 Not 0.1
Ankle—Fibula(head) Not 12.2 Not 0.1 320 43
Fibula (head)—Popliteal fossa Not 13.9 Not 0.1 70 41
Fibula (head)—Tibialis anterior Not 5.1 Not 0.3
Popliteal fossa—Fibula (head) Not 6.5 Not 0.3 70 50
Tibial
Ankle—Abductor hallucis Not Not Not Not
Popliteal fossa—Ankle Not Not Not Not
Femoral
Vastus medialis—Above inguinal 9.1 9.3 0.4 0.6
ligament
Median
Wrist—Abductor pollicis brevis 4.4 * 0.4
Wrist—Elbow 9.5 * 0.4 240 47
Ulnar
Wrist—Abductor digiti minimi 34 * 0.5
(manus)
Wrist—Below elbow 8.1 * 0.5 225 48
Below elbow—Above elbow* 10.1 * 0.5 100 50
Radial
Brachioradialis—Spiral groove 4.6 * 1
Spiral groove—Erb’s point 9.6 * 1 250 50
Musculocutaneous
Biceps brachii—Erb’ s point ‘ 7.2 ‘ ‘ 0.9 ‘ ‘ ‘ ‘ ‘
Axillary
Deltoid—Erb’ s point ‘ 6.9 ‘ 3.8 ‘ 0.9 ‘ 0.6 ‘ ‘ ‘ ‘
Facial
Postauricular—Orbicularis oculi 4.5 4 0.9 1
Postauricular—Orbicularis oris 3 2.9 4.6 5.2
Sensory nerve conduction velocities
Superficial peroneal
Lateral malleolus—Lower leg ‘ Not ‘ Not ‘ Not ‘ Not ‘ ‘ ‘ ‘
Sural
Lateral malleolus—Lower leg ‘ Not ‘ Not ‘ Not ‘ Not ‘ ‘ ‘ ‘
Median
Wrist—Digit I (index finger) ‘ 2.7 ‘ * ‘ 8.4 ‘ * ‘ 140 ‘ ‘ 52 ‘
Ulnar
Wrist—Digit V (litter finger) ‘ Not * Not ‘ * ‘ ‘

*Because the patient had an infusion needle in the left upper limb, the nerve conduction of the median, ulnar, and radial nerves on the left side was not measured. Not refer to not elicited
out. The bilateral tibial nerve and the right common peroneal nerve motor conduction action potential waveforms were not elicited. The amplitude of motor conduction action potentials in
the left common peroneal nerve and right median nerve, right ulnar nerve, right radial nerve and bilateral musculocutaneous nerve, bilateral axillary nerve, and bilateral femoral nerve were
significantly reduced. There were no abnormalities in bilateral facial nerve motor conduction.
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TABLE 2 Electromyography.

10.3389/femer.2024.1457466

Spontaneous

Muscle

Right the abductor pollicis brevis +++ +++ — _
Right biceps brachii +++ +++ — —
Right musculus vastus medialis ++ ++ — _
Right tibialis anterior muscle +4++ +++ — _
Left musculus vastus medialis ++ ++ — _
Left tibialis anterior muscle +++ +++ — _

Motor units

Muscle

Amplitude

Right the abductor pollicis brevis

Motor unit action potential

Duration

Recruitment

Pattern

No force shrinks

Right biceps brachii

No force shrinks

Right musculus vastus medialis

No force shrinks

Right tibialis anterior muscle

No force shrinks

Left musculus vastus medialis

No force shrinks

Left tibialis anterior muscle

No force shrinks

The right abductor pollicis brevis muscle, biceps brachii muscle, bilateral vastus medialis muscle, and anterior tibialis needle electrode electromyography showed denervation potential at rest,
and the light contraction was weak. Fib, fibrillation potential; PSW, positive sharp wave; Fasic, fasciculation potential; CRD;; +, observed; —, Not observed; Poly, polyphasic poten-tials.
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Acupuncture, electrical muscle stimulation therapy, and physical
rehabilitation therapy were administered concurrently, but the effects were
unsatisfactory, and the patient remained bedridden for an extended period

of HS can reach up to 20%, and the central nervous system’s
high sensitivity to severe fever can lead to various neurological
complications, including reversible encephalopathy syndrome,
cerebellar symptoms, transverse myelopathy, central pontine
myelinolysis, and long-term central nervous system damage such
as cognitive impairments and speech disorders. However, cases of
HS affecting the peripheral nerves are rarely reported, particularly
in the context of GBS (12-15). Therefore, HS primarily affects the
central nervous system in its early stages, with peripheral nerve
involvement being less common.

GBS an immune-mediated polyradiculoneuropathy
characterized by an acute or subacute onset, with more than
100,000 new cases reported globally each year (6). Initially
described by Guillain et al. (33), GBS often occurs following upper
respiratory tract infections and gastrointestinal illnesses, such as
diarrhea, caused by various pathogens. In addition, vaccinations

is
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(including the HINI influenza vaccine), immune checkpoint
inhibitors, surgical procedures, and organ transplants can also
trigger GBS (6, 16, 17). The diagnosis of GBS primarily relies on
clinical symptoms, such as rapidly progressive symmetrical
limb weakness and the absence or reduction of tendon
reflexes, electromyographic findings indicative of peripheral
neuropathy, and the presence of protein—cell dissociation
in CSF (6). The complex causes of limb weakness following
HS, coupled with early symptoms that are often masked,
complicate the diagnosis of GBS triggered by HS (18). The
condition typically progresses faster, with longer recovery times
for neurological function and poorer prognoses in patients
with HS and concurrent GBS compared to those with classic
GBS (19). Early recognition and diagnosis of limb weakness
are crucial for improving the outcomes in patients who have
experienced HS.
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3.2 Treatment of GBS induced by HS

Treatment for patients with HS-induced GBS includes
immunotherapy, mainly intravenous immunoglobulin and plasma
exchange (20). Although recent research suggests that both are
effective treatments for GBS, no reported cases or studies provide
high-quality evidence of their therapeutic benefits in patients with
HS-induced GBS. Immunotherapy should be initiated based on the
course of the patient’s treatment, the severity of the disease, its
progression and associated risks, and the patient’s preferences. The
use of glucocorticoids is not supported by evidence-based medicine
and should thus be considered on a case-by-case basis (20).

The latest relevant guidelines for diagnosing and treating
GBS (20) emphasize the significance of comprehensive treatment.
Once the patient’s condition stabilizes, neurological rehabilitation
exercises should be carried out promptly to prevent disuse
amyotrophy and joint contractures. Additionally, these exercises
may be beneficial in alleviating symptoms of limb fatigue.
Physical rehabilitation may include physical therapy, myoelectric
stimulation, ultrasound therapy, laser, acupuncture, brace, and
limb function training. Physical therapy can improve muscle
contraction, range of motion, flexibility, and muscle strength
through various training methods, including, active, passive,
boosted active, and resistance training, adjusted according to the
patient’s muscle strength. Additionally, transcranial magnetic and
neuromuscular electrical stimulation can target the meridians
and improve the circulation of qi and blood in the limbs.
The specific treatment plan should be tailored according to the
patient’s symptoms.

In addition, studies examining the predictors of inability
to walk independently at 3 months or 6 months have found
that several factors do not play a significant role, and these
factors include age at admission, progression of muscle weakness
assessed during the emergency episode, mechanical ventilation
after admission, axonal electrophysiological subtypes, modified
Erasmus GBS Outcome Score predictors, and GBS disability score
with the worst total Medical Research Council score at admission
or within 2 weeks (21). The severity of electromyography findings
may indicate potential muscle strength recovery, but there is a
lack of relevant case reports and studies. In addition, no studies or
case reports detail the post-rehabilitation treatment of HS-induced
muscle weakness. The prognosis of our patient after rehabilitation,
hormone therapy, and other comprehensive treatments was poor,
and at this writing, he remains bedridden.

3.3 Mechanisms, potential prognostic
biomarkers, and future research directions
related to HS-induced GBS

The pathogenic mechanisms underlying HS-induced GBS
remain unclear, as the majority of available information is
obtained from case reports. The literature suggests that the
majority of the reported GBS cases are triggered by EHS and
occur in the elderly, while the incidence among adolescents is
negligible. To date, all documented patients diagnosed with HS
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and GBS were the elderly. Currently, only Kalita and Misra
(7) and Wen (8) have reported cases of CHS combined with
GBS. In these reports, the patients were administered intravenous
immunoglobulin early, which improved GBS symptoms. Previous
studies have shown that reducing core body temperature to
<38.9°C within 30 min of presentation increases survival rates.
However, in this case, despite receiving the same treatment, the
patient showed no significant improvement. We suspect that
peripheral nerve damage associated with HS-induced GBS may
be more severe than that observed in classic GBS. In addition,
the patient’s history of cerebral infarction and prolonged elevated
core body temperature likely contributed to extended hypoxia,
worsening the prognosis. The exact etiology and pathophysiology
of HS-induced GBS remain unclear. Some research has indicated
elevated levels of heat shock protein 70 (HSP-70) antibodies
in both the serum and CSF of patients with GBS (22, 23).
However, previous studies did not find a change in HSP-70
concentrations in patients with HS-induced GBS, possibly due to
the absence of serum IgG-level measurements, and no evaluations
of serum HSP-70 antibody concentrations were reported in
any cases.

The pathophysiology of HS is complex, particularly in
elderly patients. Recently, the “dual-channel mechanism” has
been gaining recognition; the first channel involves direct heat
exposure (24), while the second pertains to the physiological
response to heat stress (25). The etiology and pathophysiology
of GBS also remain unclear, but some research (5) suggests that
the thermosensitivity of cells changes due to increased HSP-
70 expression during hyperthermic episodes (22, 23), which is
primarily regulated at the transcriptional level by heat shock
transcription factor (HSF) (26). Notably, HSP-70 expression
tends to decline with age, correlating with reduced HSF-binding
activity (27, 28). Heat shock protein 72 (HSP-72) is found
to be significantly elevated in HS cases and may serve as a
prognostic marker in the brain (29). Severe HS, indicated by a core
temperature >40°C, often indicates higher serum levels of HSP-70
autoantibodies (30).

A recent study (31) found that the loss of Z-DNA binding
protein 1 (ZBP1) during heat stress may help prevent conditions
such as HS-induced DIC, systemic inflammatory response
syndrome (SIRS), circulatory failure, multiple organ injury, and
death. Additionally, Yuan et al. demonstrated that heat stress
could be mitigated through the genetic deletion of receptor-
interacting protein kinase 3 (RIPK3) (24, 25). After 1 year of
follow-up, the patient in this study continues to be in a long-
term bedridden state. The HS-induced GBS progresses rapidly
and has a poor prognosis, significantly impacting patients’ quality
of life, with the majority of individuals being unable to care
for themselves. Therefore, there is an urgent need for further
clinical and basic research to explore its pathogenesis and clinical
biomarkers, which could lay the groundwork for early diagnosis
and treatment.

4 Limitations

The relationship between HS and GBS has yet to be
fully elucidated. As a result, the prognosis of patients with
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HS-induced GBS is often poor. The specific pathological
mechanism behind this condition is unclear, and treatment options
remain suboptimal.

5 Conclusion

In conclusion, the peripheral nervous system may be
particularly sensitive to hyperthermia and heat waves. HS is a
rare but serious cause of GBS that progresses rapidly and has a
poor prognosis, severely affecting the patients quality of life. If
a patient exhibits limb weakness following HS, it is important
to remain vigilant for signs of GBS. Early diagnosis should be
sought through lumbar puncture and electromyography, and
timely immunotherapy and supportive care are essential. Further
extensive research is needed to verify whether HSP-70 serves as a
marker for its onset.
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Appendix

TABLE A1 The APACHE Il severity of disease classification system.

Physiologic

variable

Rectal >41 39-40.9 38.5-38.9 36-38.4 34-359 32-33.9 30-31.9 <29.9
temperature
Q)

Mean arterial >160 130-159 110-129 70-109 50-69 <49
pressure
(mmHg)

Heart rate >180 140-179 110-139 70-109 55-69 40-54 <39

Respiratory rate >50 35-49 25-34 12-24 10-11 6-9 <5
(non-ventilated
or ventilated)

Oxygenation Fi02 > 0.5 >500 350-499 200-349 <200
(mmHg) use
A-aDO2

Fi02<0.5 >70 61-70 55-60 <54
use PO2

Arterial pH >7.7 7.6-7.69 7.5-7.59 7.33-7.49 7.25-7.32 7.15-7.24 <7.15

Serum sodium >180 160-179 155-159 150-154 130-149 120-129 111-119 <110
(mmol/L)

Serum >7 6-6.9 5-5.9 3.5-5.4 3-34 2.5-29 <25
potassium
(mmol/L)

Serum >35 2-34 1.5-1.9 0.6-1.4 <0.6
creatinine
(mg/dl, Double
point score for
acute renal
failure)

Hematocrit (%) >60 50-59.9 46-49.9 30-45.9 20-29.9 <20

White Blood >40 20-39.9 15-19.9 3-14.9 1-2.9 <1
Count (* 10°/L)

Glasgow coma Score = 15 minus actual GCS
scale (GCS)
score

Serum HCO3 >52 41-51.9 32-40.9 22-31.9 18-21.9 15-17.9 <15
(venous,
mmol/L, use if
no ABGs)

A = Total acute Sum of the 12 individual variable points

physiology
score (APS)

B = Age Points C = Chronic Health Points

<44years 0 points If the patient has a history of severe organ system insufficiency or is immunocompromised assign points as follows:

45-54 years 2points

55-64 years 3 points

65-74 years 5 points For non-operative or emergency postoperative patients — 5 points

>75years 6 points For elective postoperative patients — 2points

APACHE II Score = Sum of A (APS points) + B (Age points) + C (Chronic Health points)

Source: Knaus et al. (32). APACHE, Acute Physiology and Chronic Health Evaluation.
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