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Fever due to infection or muscle heat?

Abstract

Paroxysmal sympathetic hyperactivity is a frequent condition in patients that suffered a
TBI, but also other kinds of brain damage, characterized by a myriad of signs and symptom
such as high temperature, tachycardia, tachypnea, hypertension, profuse sweating and
spastic extension of legs and arms. The presence of high temperature may lead to suspect
about any infective process whose analysis can put at risk the life of the patient, while in
fact these symptom appear as a consequence of an increased release of catecholamines
occurring because of the disruption of central pathways. Muscle spasticity produces a great
heat that contributes to the central origin of hyperthermia. Here we describe two cases that
presented PSH after different brain injuries. Both were in coma. One of them after a severe
TBI and the other one because of a very important brain infection. PSH in the first case was
due to a renal colic and PSH was resolved with propofol. The second case developed PSH
suddenly before a session of physiotherapy. The rapid detection of the problem led us to
use propranolol and in 40minutes the patient was in normal conditions. We conclude that
the knowledge of PSH and its rapid treatment should be mandatory in hospitals and centers
devoted to rehabilitate neurological patients.
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Introduction

It is relatively frequent that patients who suffered a traumatic brain
injury (TBI), particularly those in which the damage resulted in diffuse
axonal injury (DAI), suddenly present a strong sympathetic discharge
which may endanger their life. Usually this situation affects up to 1/3
of patients with severe TBI.! Theseparoxistic autonomic activities
have been described to occurdays or weeks after TBI,> however they
can also appear for the first time even 1-2years after the brain injury,
as we will describe in this report. Symptoms of paroxistic autonomic
activity can be present duringmonths oryears ,? there is even study
demonstrating that this process can have a mean duration of Syears
after the injury.* Even more, although they are mainly related to TBI,
they can occur in other kinds of patients with brain damage without
DALI or in patients with spinal cord injury.

Symptoms of what first was termed hypothalamic or sympathetic
storm, and now is known as Paroxysmal sympathetic hyperactivity
(PSH), according to the proposal of a consensus workgroup organized
by the International Brain Injury Association for establishing
the nomenclature and diagnostic criteria of thisdays autonomic
problem,’ mainly consists of:“a “syndrome, recognised in a subgroup
of survivors of severe acquired brain injury, of simultaneous,
paroxysmal transient increases in sympathetic [elevated heart rate,
blood pressure, respiratory rate, temperature, sweating] and motor
[posturing] activity”.® However, while these symptoms are standard in
its presentation, its presentation may occur in other kind of patients, as
stated above. For instance they can be shown in patients with cranial
hypertension produced by hydrocephalus, or a brain tumor, or simply
by a strong pain whose origin cannot be described by the patient. In

addition, the severity of the symptoms is very variable, and mydriasis
seems to be a constant, due to the increased release of catecholamines
producing the excitation of the radial fibres of the iris.

Still there are not clear reasons as to why PSH occurs; this is
because there are not clear explanations for the variability of the
occurrence observed in some patients. These may increase the
morbidity of the patients when they have been discharged from the
Intensive Care Unit (ICU), or the hospital and they are at home or
receiving rehabilitation. An early diagnosis of the situation is critical
to take appropriate measures to correct this emergency which can
compromise the life of the patient.

Here we will describe two different cases in which PSH occurred,
as well as how emergency measures adopted saved the life of the
patients that were seriously compromised in both cases.

Case presentation
Case |

Male, 52years old. Sixmonths before being treated in our Center
he suffered a traffic accident resulting in severe TBI, polytrauma
and coma Glasgow 4. He was referred to a level 3 hospital. Nuclear
magnetic resonance revealed the existence of DAI and a subluxation
of the second cervical vertebra deforming the normal anatomy
of the brainstem. The patient remained in the ICU of that hospital
during 4months without any change in his condition, excepting for
a number of pneumonia typical of ICUs (Pseudomonaaeroginosus,
staphylococcus, etc). After this time he was discharged, without
changes in Glasgow scale, for doing rehabilitation at home.

Sevenmonths after the accident the patient was admitted to
Medical Center Foltra and after clinical, radiological examination
and blood analysis (hematimetry, biochemistry, tumoral markers and
pituitary hormones) the patient was scheduled for medical treatment
and rehabilitation.

MOJ Anat Physiol. 2017;3(6):196—200.

”IIII Submit Manuscript | http://medcraveonline.com

196

© 2017 Devesa et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
BY NC

permits unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/mojap.2017.03.00118&domain=pdf

Fever due to infection or muscle heat?

Medical treatment consisted of:

a. GH (Nutropin, Ipsen, Spain), 0.8mg/day, 5days/week, during
threemonths, followed by one month resting and again the
same protocol. Treatment with GH lasted 1year;

b. Melatonin (masterful preparation), at a daily dose of 50mg, via
gastric tube, at 9.30 pm;

c. Baclofen, (Lioresal, Novartis), at a daily dose of 20mg every
8hours). Medical treatments were conducted after obtaining
signed informed consent of the legal representative of the
patient and according to the protocols of Medical Center Foltra
in compliance with national legislation and the Code of Ethics
of the World Medical Association (Declaration of Helsinki).

Rehabilitation consisted of:
i. Physiotherapy, two sessions/day, Sdays/week;
ii. Speech therapy, 1session/day, Sdays/week;
iii. Occupational therapy, 1session/day, Sdays/week;
iv. Psychomotor stimulation, 1session/day, Sdays/week;

v. Visual stimulation with a tachistoscope, 1session/day, 5days/
week.

All sessions lasted 1hour with the exception of visual stimulation
(15minutes). In addition, the patient was placed daily in a vertical
plane for 30minutes in order to control blood pressure and prevent the
appearance of orthostatic hypotension.

At admission the patient remained in coma, Glasgow 4. He
presented a high spasticity, score 4 in the Modified Ashworth
scale, with legs in extension, equine varus feet, and arms in almost
irreducible flexion. He lacked cephalic and trunk control. He had to be
fed by a gastric tube and he was fully unable to respond to any order.

8months later the patient had acquired cephalic and trunk control,
he was able to sit in a chair, he responded to questions by closing
his eyes once (yes) or twice (no), he began to swallow water with
thickener and he responded to phone calls from friends talking to
him in different languages although his words lacked intelligibility.
Glasgow score at this time increased until a value of 10.

Despite these improvements, one day we were called urgently
by his caregivers (it was a weekend and the patient was at home),
because suddenly fever appeared reaching 38.5°C despite the fact
that they had been administered antipyretics (paracetamol) to
him. Ten minutes later temperature had been increased to 39.2°C.
The patient was tachycardic, he presented a very high spasticity,
profuse sweating and lack of awareness. We called to emergencies
while covering him with ice cubes. Fifteen minutes later the patient
entered the critical patients unit of a level 3 hospital. At this time his
temperature was 41°C. He was given a number of antipyretics but the
temperature continued to increase until reaching 42°C. There was no
time for waiting for the results of the blood analysis for detecting any
infection. Moreover, no signs of it existed in the explorations carried
out. Then, we thought that perhaps it was not fever but muscle heat
due to the high spasticity; in turn, this could be produced by a strong
pain of unknown origin. Hence we asked the chief of critical patients
unit to give him a strong pain relieving or a muscle relaxant drug.
He accepted and administered propofol intravenously to the patient.
Fifteen minutes later temperature was 36.2°C, a suggestive data that
the patient did not have fever because of an infection, but increased
temperature produced by the spasticity and the consequent production
of muscle heat.
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Clinical, radiological and laboratory studies performed in the
following hours revealed that the patient had suffered a renal colic.
Since he could not express what was happening due to the lack of
intelligible communication, it seems to be clear that in this case it was
the strong pain, in his condition, that was the cause responsible for the
strongly increased temperature.

Unfortunately, the prolonged high temperature led to maintain
during a time led him back in the improvements he was reaching,
because of a further brain damage that never could be recovered.

Case 2

Male, 3lyears old. According to the reports provided by the
family, twoyears before his admission in Medical Center Foltra he
suffered a frontal sinusitis that was treated with amoxicillin 875mg/
clavulanic 125mg. Tendays after commencing this treatment the
infection progressed and the patient presented retro-orbicular pain,
decreased consciousness, left palpebral ptosis and aphasia. A brain
CT-SCAN detected a left frontotemporal subdural collection with
mass effect. Antibiotics were changed but the general situation of the
patient continued to worsen and a new brain CT-SCAN detected a
left extra-axial frontotemporal subdural collection with meningeal
enhancement, mass effect and collapse of the left lateral ventricle. The
patient underwent surgery for drainage of the left frontal sinus, anterior
etmoidal sinus and left maxillary sinus. Given the existence of cranial
hypertension, a craniotomy was performed and pus was collected
and analyzed. The analysis indicated the existence of Staphylococcus
aureus, Eikenella corrodens and Streptococcus anginosus.

A MRI performed 6months later found supratentorial ischemic
injuries in both brain hemispheres and in the brainstem, with necrosis
in most of these injuries. During the time that the patient was in this
hospital he suffered one episode of pulmonary thromboembolism and
a deep venous thrombosis in the right leg. Interestingly, an episode of
PSH occurred during his stay in this hospital, as the family told to us.

The patient received daily rehabilitation (physiotherapy and
psychostimulation) without any change in his coma Glasgow 4.
Therefore, the patient was discharged from that hospital and went to
rehabilitation to another center for lyear, after it he was discharged
without changes.

At admission in the Medical Center Foltra, 18months after his
sinusitis, the patient remained in Glasgow 4 and his score in the
Modified Ashworth scale was 4; he was fed by gastric tube, he did
not respond to any order, legs and arms were in extension, pupils
practically lacked any reactivity, he did not follow the light. After
obtaining signed informed consent of the legal representative of the
patient and according to the protocols of Medical Center Foltra in
compliance with national legislation and the Code of Ethics of the
World Medical Association (Declaration of Helsinki) we scheduled
a medical treatment consisting in: GH 1mg/day (similar to the
protocol followed in Case 1), Melatonin 50mg/day, and rehabilitation:
Physiotherapy, Speech therapy, Occupational therapy, Psychomotor
stimulation, Visual stimulation, Auditive stimulation with headphones
and acoustic frequencies previously selected, Pool therapy (assisted
by a therapist) and a special session (1/week) of multisensory
stimulation carried out together with another patients in coma. Blood
analysis and control of the evolution were scheduled to be performed
every 3months.

After Imonth under this treatment the patient slightly improved
in his condition, being the Glasgow score 7. However, one morning
just before commencing his session of physiotherapy, the therapist
brought him to the infirmary of the Center, because she observed a
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profuse sweating, tachypnea and stronger spasticity. The patient was
immediately monitored electrocardiographically and medical doctors
were called. No signs of lung infection or any other cause responsible
for the situation existed, but there was tachycardia (184bpm),
arrhythmias, mydriasis, tachypnea (36/min), hypertension (17/12),
high temperature (39.7°C), and irreducible spasticity in extension
(arms and legs), all of them clear signs of PSH. We immediately gave
him propranolol (Sumial 20mg) and called to Emergencies for his
transfer to a level 3 hospital. When he arrived to the hospital and while
he was waiting for attention (approximately 40minutes since PSH
commenced), his situation was totally normal. Cardiac frequency was
84 bpm, no tachypnea existed, temperature was 36.2°C, sweating had
disappeared, and the patient looked more relaxed. Medical doctors in
Emergencies initially prescribed antibiotics, but then they changed to
an analgesic if it was needed. Blood analysis demonstrated the lack of
any infection. Therefore, the patient was discharged and we decided to
continue with propranolol 20mg every 7 hours during 3days.

As in Case 1, it is clear that in this case high temperature was
produced by muscle heatand/or lack of the hypothalamic control, and
it is clear too that given the situation of the patient (high tachycardia
and hypertension), the rapid decision to prescribe the beta 2-adrenergic
receptor blocker avoided a fatal outcome. Currently the patient went
back to his daily therapies without any problem.

Discussion

The existence of PSH has been known for over sixty years. In 1988
Boeve et al.® described a case of a patient that presented paroxysmal
sympathetic storms after having suffered a very important brain
injury. These authors found that these sympathetic storms presented
characteristics similar to those described in “diencephalic seizures”.
However, electroencephalogram showed that no epileptiform activity
existed and antiepileptic drugs failed to control the symptoms, while
morphine effectively controlled them. From their data they concluded
that sudden changes in intraventricular pressure or activation of
reflexes triggered from muscle mechanoreceptors or chemoreceptors
occurring during episodes of spasticity had to be the most feasible
cause for this Paroxysmal sympathetic storms. In the same year, it was
described “The autonomic dysfunction syndrome™’ in nine patients
relating it to severe brain injury and acute hydrocephalus. Three of
these patients were treated with morphine which stopped the episodes;
bromocriptine was given to other three patients resulting in beneficial
short-term and long-term effects. Dantrolene (a muscle relaxant
drug) was given to one of these patients, decreasing the severity of
the extensor posturing without affecting the other components of the
autonomic dysfunction syndrome; this seems to exclude muscle heat
as a reason for hyperthermia. From these data, authors concluded
that the syndrome was produced by a lack of control of the brainstem
from the control of higher brain centers. Moreover, they suggested
that the dopaminergic and opiate pathways should play a role in the
development of the syndrome. Responsiveness to bromocriptine and
morphine had been previously reported in what had been termed
“diencephalic seizures”.?

The reasons by which PSH occurs and its morbid effects have
been discussed duringyears , not only in adult TBI patients but
also in pediatric populations and other pathologies.”'® Recently
Meyer® propose that PSH courses in three stages being the first of
them asymptomatic because of the strong sedation of the patient and
the management of cranial hypertension, the second stage would
correspond to the onset of symptom clusters and the third stage would
be characterized by dystonia and a decline in posturing. However,
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what is the reason for the appearance of PSH? Most of the theories
proposed suggest that as a consequence of the damage suffered by the
brain there is an anatomic disconnection between mesencephalon and
the spinal cord/hypothalamus leading to a disruption in relay from
these last structures.> Another theory implies the affectation of the
Excitatory: Inhibitory ratio model. This affectation would mean that
the dysfunction of the diencephalic-brainstem inhibitory center, which
physiologically controlsthe processing of afferent stimulus in the
spinal cord, would be the reason for PSH.!”"" That is, the appearance
of an autonomic dysfunction would be related to the brain damage
resulting in functional disconnections involving deep and important
brain centers; moreover, a significant reduction in dopaminergic
activity would worsen the clinical picture, further worsened by the
resulting unopposed adrenergic outflow with increased levels of
plasma catecholamines.? In summary, this hypothesis of Meyer® would
indicate that in PSH there will be an increase in the excitatory stimuli
without the needed compensatory increase in inhibitory functions.
This would lead to facilitation to develop a highly exaggerated
sympathetic efflux triggered by non-nociceptive peripheral stimuli.*2

More recently, a diffusion tensor imaging analysis performed in
102 patients that suffered severe TBI three weeks prior to the study
showed that patients with PSH had a severe and diffuse injury to
white matter tracts; however, disruption within the central autonomic
network seems to play a key role in the pathogenesis and development
of PSH.? One of these disrupted pathways seem to be the fibres of the
right insula via damage to the posterior limb of the ipsilateral internal
capsule.?! These authors conclude that disconnection involving the
posterior corpus callosum and of the posterior limb of the internal
capsule may be responsible for the pathogenesis or appearance of
PSH.

In the case of the patients we described here it could be argued
that GH treatment might have been the reason for the expression
of PSH. In fact, a possible adverse effect of GH is the production
of mild cranial hypertension. Moreover, GH is mainly regulated by
catecholamines which negatively regulated somatostatin release from
the hypothalamus and induce GHRH releasethat in turn stimulates
pituitary GH secretion in the absence of the negative control exerted
by somatostatin.?>2¢ In addition, GH secretion or exogenously
administered increases the release of somatostatin which, in turn,
leads to enhanced hypothalamic adrenergic secretion. A schematic
representation of this concept is shown in Figure 1. Therefore, it
would be possible that given that our patients receive GH treatment
for increasing brain repair,”3° the hormone might have been the factor
responsible for PSH. However, this possibility has to be discarded
since in the first case the patient had not been treated with the hormone
because of being weekend, and in the second case PSH occurred before
the daily administration of GH would have taken place. Moreover,
we treated more than 80 patients with severe TBI, 22 in coma, and
much other neurological pathology without any problem. Although
in our protocols the detection of a possible GH-deficiency occurred
after a TBI is not included, because in these patients any provocative
test among those commonly used is risky, we know that if no GH-
deficiency exists GH administration cooperates with the endogenous
hormone in increasing the proliferative response of neural progenitors
and their differentiation to neurons after a brain injury.?!

Since NA is formed from DA, the administration of the
dopaminergic agonist bromocriptine would reduce DA synthesis,
therefore decreasing noradrenaline and adrenaline levels. This might
explain the responsiveness to bromocriptine observed in one study
about PSH.®
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In summary, when a possible PSH is detected medical action
must be swift. In our opinion propranolol administration is the first
option, being the second one a strong analgesic. The existence of
hyperthermia should not lead us to think about an infective process
as a primary cause, rather we should think about muscle heat added
to hypothalamic dysfunction. These concepts should be mandatory
in the knowledge of medical personnel treating patients with brain
injuries, both in hospitals and in rehabilitation centers. The steps
shown in Figure 1 should be followed for the detection of a possible
infective process.

GH
or
Exogenous GH

Figure | Schematicrepresentation of the hypothalamic control of GH secretion.
The pituitary secretion of GH is mainly regulated by the interplay between
hypothalamic secretion of GHRH and somatostatin. Somatostatin negatively
regulates pituitary GH release acting directly on somatotrophs and on
the hypothalamic release of GHRH (red arrows). |, Dopamine (DA) is
metabolically transformed in Noradrenaline (NA). 2, NA negatively regulates
the secretion of somatostatin (red arrow) and induces the release of GHRH
(blue arrow). 3, As a result of these noradrenergic effects GH is released to
the circulation. 4, increased plasma GH levels (produced by the pituitary gland
or after exogenous administration of the hormone) leads to a compensatory
stimulation of the secretion of somatostatin. 5, In turn, increased somatostatin
release induces a compensatory increase in NA tone.
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