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Abstract

Background/Objective: Patients with traumatic upper thoracic and cervical spinal cord injuries are at
increased risk for the development of autonomic dysfunction, including thermodysregulation. Thermoreg-
ulation is identified as an autonomic function, although the exact mechanisms of thermodysregulation have
not been completely recognized. Quad fever is a hyperthermic thermoregulatory disorder that occurs in
people with acute cervical and upper thoracic spinal cord injuries. First described in 1982, it has not been
widely discussed in the literature.

Methods: Case reports of 5 patients with cervical spinal cord injury (SCI).

Results: Five of 18 patients (28%) with acute cervical SClI who were admitted during a 1-year period had
fatal complications caused by persistent hyperthermia of unknown origin.

Conclusions: Patients with acute traumatic cervical and upper thoracic SCI are at risk for thermoregulatory
dysfunction. Changes in the hypothalamic axis may be implicated, especially in the light of modification in
hypothalamic afferent nerves, but this hypothesis has not yet been explored. Thermodysregulation may be
an early sign of autonomic dysfunction. A comprehensive guideline is needed for the management of
elevated body temperature in critically ill patients with cervical SCI, because this condition may be fatal.
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INTRODUCTION

Many factors may cause fever in patients admitted to
intensive care units (ICUs), both infectious and noninfec-
tious. Discrimination between infectious and noninfec-
tious causes of the fever may be challenging and requires
careful clinical assessment. Potential exceptions to this
condition are those patients in whom fever is detrimental
to their outcome, especially those with central neurologic
injury. Quad fever may be defined as an idiopathic
extreme elevation in body core temperature beyond
40°C (101.5°F) in patients with spinal cord injury (SCI)
(1). When the cervical spinal cord is injured, particularly
at a high level, thermoregulation is impaired. Cervical SCI
frequently occurs during the summer months, often after
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near drowning or a fall. We report 5 fatal cases of
hyperthermia in patients with cervical SCI and tetraplegia
(Figure T1). Our objective was to discuss the aspects of
hyperthermia of unknown origin and outline a diagnostic
approach to persistent fever in patients with cervical SCI.

CASE REPORTS

Case 1

A previously healthy 39-year-old man, American Society
of Anesthesiologists (ASA) I, Glasgow Coma Scale (GSC)
15, was brought to our university hospital emergency
room after falling from a tree. Physical examination
showed a C5 to Cé6 dislocation and 2/5 strength of left-
right proximal and 1/5 left-right distal extremities, but
flaccid total paralysis below T1. He had lack of sensation
below the C5 level, and American Spinal Injury Associ-
ation (ASIA) Impairment Scale grade was A. The patient
underwent internal fixation under general anesthesia on
the second day of the trauma. Anesthesia was induced
with fentanyl, vecuronium, and propofol and maintained
with sevoflurane. Mechanical ventilation was started on
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Figure 1. Axillary temperature values of 5 patients
during intensive care unit stay.

the fourth postoperative day. Electrolytes were regulated,
and deep venous thrombosis (DVT) prophylaxis was
initiated with low-molecular-weight heparin (LMWH).
After trauma, the patient’s axillary temperatures were as
follows: day 1, 36.7°C; day 2, 37.8°C; day 3, 40.0°C; and
day 4, 39.9°C. Fluid regimens contained a combination
of colloids or crystalloids to maintain mean arterial
pressure at 70 mmHg and urine output level at 1 mL/
kg/h.

Axillary temperature increased to 41.8°C on the fifth
day, and he remained persistently unresponsive to
antipyretic and inotropic agents. Vigorous cooling efforts
with ice packs, gastric and rectal lavage, and antipyretic
agents were ineffective. Laboratory values were unre-
markable; daily changes are shown in Table 1. Although
the chest radiograph was normal on the fifth hospital
day, arterial blood gases indicated hypoxia (pH: 7.41,
PaO,: 76.2, PaCO,: 43.3, HCO,: 26.7, Sa0,: 95% with
FiO, 1.0). Thyroid function tests were normal [thyroid-
stimulating hormone < 5 plU/mL]. A cranial computed
tomography (CT) scan showed no signs of meningeal
inflammation or other changes. Blood, sputum, stool,
urine, and cerebrospinal fluid cultures were negative. On
the sixth hospital day, the axillary temperature increased
to 42.4°C, systolic pressure was 80 mmHg, and pulse rate
was irregular at 120 to 135 beats/min. Despite dopamine
administration, cardiac arrest occurred, and he did not
respond to resuscitation.

Case 2

A 50-year-old man, ASA I, GCS 15, was brought to the
hospital emergency room after near drowning. CT scan
of cervical spine showed dislocation at the C5 to C6 level,
linear fracture of the C6 spinous process, and spinal cord
contusion. He showed 1/5 strength in the proximal and
distal upper extremities bilaterally, but flaccid paralysis
below injury level. His injury was categorized as ASIA
grade A. On day 1, he underwent mechanical ventilation.
Body temperature remained elevated after the injury;
maximal daily axillary temperatures were as follows: day
1, 36.6°C; day 2, 39.2°C; day 3, 39.6°C; day 4, 38.7°C;
day 5, 38.4°C; and day 6, 39.5°C.

On the seventh ICU day, temperature rose to 42.3°C.
The patient’s mental status was altered, and he became
hemodynamically unstable, with a systolic pressure of 70
mmHg and an irregular pulse rate of 115 to 145 beats/
min. Aggressive fluid administration of colloids and
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crystalloids was needed to maintain the mean arterial
pressure at 70 mmHg and urine output at T mL/kg/h.
Electrolytes were monitored, and DVT prophylaxis was
initiated with LMWH after he was admitted to the ICU.

Despite treatment with dopamine, he remained
persistently unresponsive to antipyretic and inotropic
agents. Blood, tracheal aspirate, and urinary cultures
were negative for bacterial growth. No identifiable source
for the fever could be identified. Hyperthermia did not
resolve with aggressive cooling. Endocrine function
(including cortisol and TSH < 5 plU/mL) were normal.
Daily changes are given in Table 1. Although the chest
radiograph was normal, on the sixth hospital day, arterial
blood gases indicated hypoxia (pH: 7.48, PaO,: 74.3,
PaCO,: 38.4, HCO,: 26.7, Sa0,: 94% with FiO, 1.0). On
the seventh hospital day, his axillary temperature
increased to 42.3°C and cardiac arrest occurred. No
source for the fever was identified.

Case 3

A previously healthy 52-year-old man, ASA I, GCS 15, was
admitted after a fall. Physical examination showed a C6
corpus fracture with flaccid paralysis of upper and lower
extremities. Physical examination showed 2/5 strength of
proximal and 1/5 distal extremities, and he had flaccid
paralysis below the T4 level (ASIA grade A). He
underwent surgery 2 days after the accident. On the
second postoperative day (4 days after the accident), his
axillary temperature progressively increased to 40.2°C.
Physical examination showed no obvious source for the
elevated temperature. Blood, sputum, stool, urine, and
cerebrospinal fluid cultures were taken. A CT scan of the
head was negative. Thyroid function tests were normal
(TSH < 5 plu/mL).

On the fifth postoperative day, temperature rose to
42.3°C; systolic arterial pressure was 90 mmHg, and
pulse rate was irregular at 95 to 120 beats/min. An
electrocardiogram showed ventricular tachycardia and
ventricular arrhythmia, which returned to normal sinus
rhythm with repeated direct current (DC) cardiover-
sion.

On the fifth postoperative day, the chest radiograph
was negative, but physical examination showed dyspnea,
and mechanical ventilation was started. Blood gases
showed the following—pH: 7.51, PaO,: 68.1, PaCO,:
26.8.4, HCO,: 23.6, and SaO,: 95% with FiO, 0.6. A
combination of colloids and crystalloids was administered
to maintain a mean arterial pressure at 70 mmHg and
urine output at 1 mL/kg/h. DVT prophylaxis was initiated
with LMWH, and dopamine was given to maintain blood
pressure. Core temperature was 42.3°C, and he remained
persistently unresponsive to antipyretic and inotropic
agents. Laboratory values are given in Table 1. Sequential
cultures were negative. Applying ice packs for cooling,
gastric lavage with cold water, and antipyretic agents
were not effective. On the sixth hospital day, axillary
temperature was still 42.3°C and the patient died.
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Table 1. Daily Laboratory Values for 5 Patients

DAY 1 DAY 2 DAY3 | DAY4 | DAY5 | DAY6 | DAY7 |DAY 8
L) 11,3 12 11,6 10,5
w |WBC | 45x10° | 5.5x10° [ 7.8x10° [68x10°|
g [BUN 30,7 31,8 33,3 35,5 2
Creat 1,2 1,15 1,21 1,22 x
Na 139 140 145 143
Gluc 17 125 142 171
Hb 10,2 10,5 11,5 11,4 12,2 12,5
~|WwBC] 89%x10° | 95x10° | 7.4x10° [8.4x10°| 11 x 10° [ 9.4 x 10° »
w | BUN 20,4 25,7 222 21,1 24,7 24,5 P
< | Creat 07 0,8 0,8 0,71 0,66 0,71 3
©] Na 132 134 135 137 136 134 u
Gluc 121 134 137 118 135 131
Hb 10,4 11,3 11
o |WBC [10.2x10°| 7.2x10° | 9.7 x 10° »
w | BUN 31,2 30,4 30,8 2
@ [Creat| 1,08 1,04 1,18 5
S| Na 141 144 138 w
Gluc 141 120 97
Hb 12,8 10,8 11,1 12
« [WBC [13.9x10°[13.3x10°[10.7 x 10°[ 7.2 x 10° »
w | BUN 18,2 27,4 26,3 24,7 P
< |Creat] 1,02 1,06 1 1,04 p
© | Na 137 139 143 140 u
Gluc 178 150 138 115
Hb 14,2 13,3 12,6 12,4 11,7 12 11,6
w |WBC]9.3x10° [ 7.8x10° [ 4.6 x10° [9.7x10°[9.4x 10°[ 7.4 x 10°[8.6 x 10°]
w | BUN 30 28 26,8 44,7 42,8 34,4 35,7 >
2 | creat 0,6 0,9 0,96 0,86 0,9 0,9 1,0 £
©1 na 135 139 142 140 149 145 144 u
Gluc 140 113 145 151 92 106 110

Hb: hemoglobin (g/dL}); WBC: white blood cell; BUN: blood urea nitrogen (mg/dL); Creat: serum
creatinine (mg/dL); Na: mE/L; Gluc: serum glucose (mg/dL)

Case 4

A 40-year-old man, ASA I, GCS 15, who fell into a
swimming pool, was admitted to the university hospital
emergency service. Cervical spine CT examination
confirmed a C5 corpus fracture and flaccid paralysis of
the upper and lower extremities. Extremity motor
examination showed 2/5 strength proximally and plegia
distally. Sensory examination showed hypoesthesia
below the T5 level and anesthesia below the T8 level.
He had paraplegia with ASIA grade A. After emergency
diskectomy with fusion, he developed respiratory distress
and was admitted to the ICU, where mechanical
ventilation was started. Maximal axillary temperatures
on each postoperative day were as follows: day 1, 36.8°C;
day 2, 39.2°C; day 3, 39.1°C; and day 4, 39.7°C. Physical
examination showed no obvious source for the elevated
temperature in the early postoperative period. After
resuscitation and cooling measures, a CT scan showed
no signs of meningitis or other pathologies. Thyroid
function tests were normal (TSH < 5 plU/ml).

On the fifth postoperative day, his temperature rose
to 44.0°C; systolic pressure was 90 mmHg, and pulse rate
was irregular at 95 to 120 beats/min. An electrocardio-
gram showed sinus tachycardia and ventricular arrhyth-
mia. Arterial blood gases showed the following—pH:
7.53, Pa0,: 159 mmHg, PaCO,: 30 mmHg, HCO,: 26.9,
Sa0,: 99% with FiO, 0.5. The patient remained
persistently unresponsive to antipyretics and inotropic
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agents. Aggressive management of fluids and electrolytes
was maintained, and DVT prophylaxis was initiated with
LMWH. Laboratory values are shown in Table 1. Cooling
with ice packs, gastric lavage, and antipyretic agents
were ineffective. Blood, sputum, stool, urine, and
cerebrospinal fluid cultures were without any growth,
excluding an obvious bacterial cause. On the fifth
hospital day, his axillary temperature increased to
44.0°C. Cardiac arrest occurred, and resuscitation efforts
failed; no source of fever was determined.

Case 5

A 29-year-old man, ASA I, GCS 15, was admitted to the
university hospital emergency service after an accident.
Cervical spine CT examination confirmed a C1 anterior
and posterior corpus linear fracture and a C4 to C5 linear
corpus fracture with flaccid paralysis of upper and lower
extremities. Sensory examination showed anesthesia
below the T4 level. Motor assessment revealed paraplegia
(ASIA grade A), and mechanical ventilation was required.
Postoperative maximal skin temperatures on each
postoperative day were as follows: day 1, 37.7°C; day
2, 38.2°C; day 3, 39.8°C; day 4, 37.3°C; day 5, 38.8°C;
day 6, 39.3°C; day 7, 42.6°C. On the seventh day,
despite supportive interventions, systolic pressure was 85
mmHg with an irregular pulse rate of 90 to 115 beats/
min. An electrocardiogram showed sinus tachycardia,
ventricular arrhythmia, and ST-T wave changes. Arterial
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Table 2. Demographic, Clinical Data, and Hemodynamic Variables

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5

Age (y) 39 50 52 40 29
Level of paralysis (ASIA) A A A A A
Head injury (present/absent) No No No No No
Surgery (day of paralysis) 2"day No surgery 2" day 2" day No surgery
Intubation (day of paralysis) 4 day 1% day 5t day 1% day 1% day
oy of periyeie) 2" day 1% day 2" day 2" day 2" day

) Atelectasis Atelectasi
Chest film N N N (basal side) (b:szfseilcsi:)
Albumin (g/dL) 3.1 2.9 2.74 3.3 2.84
TSH (pIU/mL) <5 <5 <5 <5 <5
CVP (mmHg) 11 12 13 12 11
Tempmax 42.4 42.3 42.3 44.0 43.0
BP min (mmHg) (last day) 64/33 70/30 70/30 75/40 55/30
BP max (mmHg) 110/79 105/69 110/79 120/80 109/54
Cultures Negative Negative Negative Negative Negative
Death (day of paralysis) 5 7 4 5 8

CVP: central venous pressure; BP: blood pressure

blood gases showed the following—pH: 7.44, PaO,: 100
mmHg, PaCO,: 46 mmHg, HCO,: 30.4, Sa0,: 99% with
FiO, 1.0. After administration of dopamine 5 ng/kg/h,
axillary temperature was 43.0°C; the patient remained
persistently unresponsive to antipyretic agents, and
urinary output decreased. Table 1 shows the daily
laboratory values. Thyroid function tests were normal.
Cooling with ice packs, gastric lavage, and antipyretic
agents were ineffective. Blood, sputum, stool, urine, and
cerebrospinal fluid cultures showed no growth, excluding
an obvious bacterial cause. No source of fever was
determined. On the eighth hospital day, axillary temper-
ature increased to 43.0°C, cardiac arrest occurred, and
attempts at resuscitation failed.

Demographic, clinical data, and hemodynamic
variables of the patients are summarized in Table 2.

DISCUSSION

Body temperature changes during the course of the day,
controlled by the thermoregulatory center of the anterior
hypothalamus (2). Thermoregulation is a complex
system involving several different factors. The human
body is able to preserve a stable temperature because the
hypothalamic thermoregulatory center balances the
excess heat production by cooling mechanisms such as
vasodilatation (3,4). After high cervical SCI, the resultant
autonomic dysfunction may be manifested as thermo-
dysregulation.

There are 3 categories of thermodysregulation (5).
Poikilothermia is the best known in the first category,
which is related to hypothermia resulting from prolonged
cold exposure. The second category includes “quad
fever,” which refers to fever without an infectious basis
that appears in the first several weeks to months after
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cervical SCI. The third is exercise-induced fever. Along
with total loss of temperature control, such as in the cases
reported here, these conditions may have devastating
and lethal sequelae (4,6).

Uncontrolled environmental conditions can affect
body temperature; therefore, special hospital areas
should maintain a constant temperature. The recom-
mendations of the Intensive Care Society specify that
ICUs and their patient rooms should provide air-
conditioning with ambient adjustable temperature in
the range of 16°C to 27°C (7). In our ICU, the
temperature is maintained at 23°C to 24°C. Therefore,
extremes of body temperature among patients in the ICU
cannot be attributed to temperature changes caused by
environmental conditions.

Sugarman (1) described quad fever in individuals
with tetraplegia and occasionally in those with high
paraplegia. These patients had fever, often exceeding
40°C (101.5°F), and fever was encountered later in their
courses. Quad fever is considered only after all infectious
or inflammatory causes have been ruled out. Quad fever
is defined as an early phenomenon in patients with
incomplete cervical SCI. These 5 patients had cervical SCI
and hyperthermia consistent with quad fever related to
autonomic dysfunction after acute SCI.

Fever is associated with poor outcome in up to 70%
of ICU patients with or without bacterial infections. The
most important noninfectious causes of severe hyper-
thermia are heat stroke, malignant hyperthermia, neuro-
leptic malignant syndrome, thromboembolism,
thermoregulatory dysfunction, and medication-related
fever, which are caused by failure of thermoregulation.
Each of these situations can be associated with severe
systemic complications and death (8,9). Malignant

The Journal of Spinal Cord Medicine Volume 32 Number 3 2009



hyperthermia is a rare fatal genetic disorder that
manifests itself in susceptible patients after induction
with certain anesthetic agents. These patients develop
elevated body temperature, increased muscle metabo-
lism, muscle rigidity, rhabdomyolysis, acidosis, and
cardiovascular instability (10). Three of our patients
suffered fatal hyperthermia episodes after the postoper-
ative period, and all of them died within 1 week. The
same anesthetic agents were administered to these
patients (induction with fentanyl, vecuronium, and
propofol and maintenance with sevoflurane and remi-
fentanil infusion). Their clinical findings were similar to
those of malignant hyperthermia, but some of the clinical
signs, such as increased muscle metabolism, muscle
rigidity, and rhabdomyolysis, were absent. The onset of
malignant hyperthermia occurs usually within 1 hour of
administration of general anesthesia; rarely, it may be
delayed up to 10 hours after induction (11). In this series,
however, body temperatures increased a few days after
the operation in the 3 patients who had surgery. In
addition, fatal stress-induced malignant hyperthermia in
patients with head injury has been reported (12). The
clinical findings and histories of the patients presented
were not consistent with these causes of malignant
hyperthermia.

Inappropriate use of psychotropic drugs and illicit
drugs such as monoamine-oxidase inhibitors, tricyclic
antidepressants, or amphetamines may cause drug-
induced hyperthermia. Neuroleptic malignant syndrome
is an idiosyncratic reaction to antipsychotic agents, which
is also characterized by muscle rigidity, altered mental
status, choreoathetosis, tremors, and evidence of auto-
nomic dysfunction, such as sweating, unstable blood
pressure, and dysrhythmias (13). These complications
seem to be caused by the inhibition of central dopamine
receptors in the hypothalamus, which results in increased
heat generation and decreased heat delivery (14). None
of these 5 patients received haloperidol or other
antipsychotic drugs in the ICU period. However, 4
patients were sedated with midazolam or opioids during
the ICU period. Therefore, we did not suspect neuroleptic
malignant syndrome or drug-induced hyperthermia.
Standard venous thromboembolism prophylaxis was
initiated in all patients, and none showed evidence of
venous thromboembolism. The etiologic spectrum of
hyperthermia is extensive; it may be caused by infectious,
endocrine, central nervous system, and toxic etiologies.
Hence, its diagnosis may differ considerably from 1
patient to another (15). Thyrotoxicosis may also cause
increased thermogenesis (16). Because TSH levels were
within the normal range in all patients, thyrotoxicosis-
induced fever was not considered.

It is important to recognize the difference between
fever, which is caused by inflammatory or infectious
conditions, and hyperthermia caused by thermoregula-
tory dysfunction, because hyperthermia can be progres-
sive, fatal, and unresponsive to antipyretic agents and
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cooling interventions. The hyperthermia episodes in this
series of patients occurred within 1 week of trauma. All of
them had high cervical SCI with ASIA grade A and
required intubation and mechanical ventilation.

Neurogenic shock is a form of distributive shock that
involves loss of peripheral vasomotor control as a result of
neurologic injury to the nervous system, especially
noticeable in cervical injuries (17). A decrease in vascular
resistance with associated vascular dilatation and pooling
of blood in peripheral vascular beds and development of
shunts and capillary leak after neurologic dysfunction
results in hypotension. Also, loss of sympathetic vascular
tone causes warm, dry skin and bradycardia after cervical
SCI. Plasma volume expansion is the mainstay therapy in
these patients. The amount of fluid administered is based
on improvement of clinical signs, particularly blood
pressure, pulse pressure, and heart rate. Central venous
pressure and urinary output also provide indications of
restoration of vital organ perfusion but only at the
macrocirculatory level. In our patients, fluids (crystalloids
and colloids) were given to maintain a central venous
pressure of 10 to 15 mmHg, mean arterial pressure of 70
mmHg, and urine output of 1 mL/kg/h. Fluid resuscita-
tion eventually restored global hemodynamic parame-
ters; however, restoration of microcirculation might have
been inadequate. On the other hand, inflammation has a
significant pathophysiologic role in renal ischemia and
reperfusion injury. Also, fever is an important manifesta-
tion of inflammation. All these changes caused prerenal
azotemia, a well-known reason for high blood urea
nitrogen/creatinine ratio as seen in our patients.

Distributive shock and fluid resuscitation may precip-
itate electrolyte imbalance (Na*, K*, and CI). Distribu-
tive shock may also decrease plasma albumin level. In this
situation, distributive shock and inflammation can cause
an increase in the BUN/creatinine ratio, a decrease in the
albumin level, and an electrolyte imbalance.

In ICU patients, single fever spikes from 38.9°C to
41.1°C that terminate spontaneously within 24 hours are
almost always noninfectious in nature and are most
commonly caused by blood/blood products transfusion,
insertion/removal of devices, or manipulation of a
colonized/infected mucosal surface (18). Some clinical
studies showed that hospital-acquired sinusitis is a
frequent cause of fever with unknown origin in patients
with orotracheal intubation and critically ill patients on
mechanical ventilation (19). In addition, sputum produc-
tion is increased in patients with cervical SCI (20).
However, none of our patients had a history of infection;
moreover, their sequential tracheal aspirate cultures were
negative during the episodes. Their chest radiographs did
not show any infiltration or consolidation caused by
infections.

Patients with cervical SCI are prone to atelectasis,
especially at the basal side of their lungs (21,22).
Atelectasis may also cause fever in patients, especially in
the early postoperative period; however, such extremely
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high temperatures in these patients could not be
explained solely by atelectasis.

A total of 18 patients with acute cervical SCI were
admitted to our ICU during a 1-year period, 5 of whom
had complications caused by persistent high fever.
Therefore, the approximate incidence of fever of
unknown origin, or quad fever, was 28%.

CONCLUSION

This case series indicates that patients with acute
traumatic cervical SCI are at risk for thermoregulatory
dysfunction. Changes in the hypothalamic axis may be
implicated, especially in the light of modification in
hypothalamic afferent nerves, but this hypothesis has not
yet been explored. Fever etiologies were not identified in
this case series. Thermodysregulation may be an early
sign of autonomic function after CSCI. There is a need for
a comprehensive guideline for the management of
elevated body temperature in critically ill patients with
CSCl, because this condition may be fatal. Clinicians
should include thermodysregulatory causes in the
differential diagnosis of fever in individuals with acute
high-level SCI.
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