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Abstract
Design: Retrospective analysis of medical records.

Background/Objectives: To determine frequency and degree of hypothermic episodes in patients with
chronic spinal cord injury (SCI).

Setting: Veterans Administration Medical Center.

Methods: Research involved analysis of body temperature records of 50 chronic patients with tetraplegia.
All patients were men with a length of injury of 19 6 6 years. Mean age was 53 6 15 (SD) years. Data were
derived from the computerized patient record database system of the Veterans Administration Medical
Center. Results were classified into 3 groups: (a) hypothermia (,958F), (b) subnormal temperature
(,97.78F), and normal temperatures (97.78F to 98.48F). Body temperature was recorded during
hospitalization (minimum duration of 30 days) using an oral probe twice a day. Ambient temperature
was controlled by a central air-conditioning system and maintained at 728F to 748F.

Results: A total of 867 measurements of body temperature were evaluated; normal temperature was
recorded 298 times (35%), subnormal temperature was recorded 544 times (63%), and hypothermia was
recorded 25 times (3%). There were 15 patients with 30 hypothermic episodes; subnormal temperature was
found in all 50 patients from 1 to 47 times. Regression analysis of age and duration of SCI showed a
nonsignificant relationship with body temperature.

Conclusions: Our data suggest that patients with tetraplegia after SCI have significant dysfunction of
thermoregulation associated with frequent episodes of subnormal body temperature in a normal ambient
environment. Further studies are needed to evaluate possible consequences of low temperatures on the
general health of patients and to develop preventive interventions.
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INTRODUCTION
Body temperature in humans is remarkably stable under
normal conditions. It is usually measured orally, which
accurately reflects the temperature of the blood (1,2). In
a large population, normal oral temperature ranges from
36.58C to 36.98C or from 97.78F to 98.48F (2). Patients
with spinal cord injury (SCI) may have abnormal
regulation of body temperature or may be less able to
respond to changes in the environment. With high-level

SCI, the patient may be especially insensitive to changes
in heat or cold. The exact mechanism(s) responsible for
these abnormalities are uncertain, but they are most
likely caused by loss of hypothalamic control, poor
vasomotor reactions, or some other unknown factors. A
MEDLINE search of the studies on hypothermia after SCI
yielded several publications (3–13). Some of these studies
evaluated the relationship of superficial and deep control
of body temperature (3–5,10,13). Other publications
reported a few cases or small case series describing the
relationship of hypothermic episodes with different
clinical conditions (6–13). However, we were not able
to find clinical studies evaluating the extent and
frequency of hypothermia in individuals with SCI. The
goal of this study was to determine the degree and
incidence of hypothermia using a retrospective analysis of
medical records of patients with chronic SCI during long-
term hospitalization.
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METHODS

This study is a retrospective study on body temperature

after SCI. The study and informed consent were

approved by the Institutional Review Board committee

of the Veterans Administration Medical Center (VAMC),

Miami, FL.

Subjects

The records of body temperature were evaluated in 50

patients with chronic tetraplegia. All patients were men

with tetraplegia and were 24 to 78 years of age (53 6 15

[SD] years), and the length of injury was 5 to 34 years (19

6 6 years).

Data

Data were derived from the computerized patient record

system of the VAMC, Miami, FL. The results were

classified into 3 groups: (a) hypothermia, (b) subnormal

temperatures, and (c) normal temperature. Hypothermia

was defined as a body temperature less than 958F (1,14–

17). Normal temperature was defined as a temperature

of 97.78F to 98.48F, and subnormal temperature was

defined as a temperature less than 97.78F and more than

958F. Data were analyzed by regression analysis for

correlation between body temperature with age and

time period after SCI. The mean value of all individual
measurements was used for statistical analysis.

Temperature Recordings
Body temperature was recorded in all subjects during
hospitalization for a period of 30 days. Temperature was
obtained using an oral probe using Dinamap Vital Signs
Monitor 81 OOT (Criticon, Tampa, FL). Each patient had
2 measurements recorded every day (7:00 to 9:00 AM and
5:00 to 7:00 PM). Nursing personnel were instructed to
record temperature before giving any water or medica-
tion. Two different shifts of nursing staff were involved in
measurements of vital signs. To avoid false-positive low
readings, hypothermic readings were remeasured after 5
to 10 minutes. To determine the accuracy of measure-
ments using the same probe, serial recordings (10
repetitions) were obtained in the same patient and in a
control subject. The coefficient of variation of measure-
ments was from 0.4% to 0.5%, respectively. Ambient
temperature in the unit was controlled by a central air-
conditioning system that was maintained in the range of
728F to 748F.

RESULTS
A total of 867 measurements were evaluated and
classified in 3 groups as indicated in Figure 1. Subnormal
temperatures were recorded 544 times (63%); hypother-
mia was recorded 25 times (3%), and normal body
temperature was recorded 298 times (35%). Hypother-
mia was more frequently found in the morning than in
the afternoon period (18 vs 7 measurements). In the
group of patients with hypothermia, 11 were tetraplegic
with an American Spinal Injury Association (ASIA) score of
A, 3 had an ASIA score of B, and 1 had an ASIA score of C
(Table 1). Four patients in this group had more than 1
episode of hypothermia during a 1-month period.
Subnormal temperature was found in all 50 patients
from 1 to 47 times. Linear regression analysis of data
showed no relationship between patient age and mean
body temperature (r¼�0.064). The relationship between
the duration of injury and mean body temperature
showed no significant correlation (r ¼ 0.011).

Figure 2 shows a representative graph of body
temperature in a patient with tetraplegia. This graph
shows measurements obtained over a period of 6
months. The patient had a subnormal recording of
temperature more often than normal temperature. The
elevations in temperature were associated with acute
urinary tract infections.

Figure 1. Body temperature readings in 50 hospitalized
patients with tetraplegia or paraplegia caused by chronic
SCI.

Table 1. Level of Injury and American Spinal Injury Association (ASIA) Scores of 50 Patients in This Retrospective Study

SCI Level ASIA Score

C3 C4 C5 C6 C7 A B C D E

4 10 24 10 2 39 9 2 0 0
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DISCUSSION
Hypothermia is a well-recognized and life-threatening
condition associated with increased mortality and mor-
bidity (15–17). Accidental hypothermia is defined as an
unintentional decrease of core body temperature to less
than 358C (,958F). Hypothermia produces effects on
many organ systems, resulting in a spectrum of clinical
manifestations such as bleeding diathesis (15–18),
metabolic acidosis from poor tissue perfusion (15–17),
hemodynamic instability with arrhythmias, and depres-
sion of myocardial contractility (14). In humans, mech-
anisms of heat conservation and heat production
maintain relatively constant body temperature during
exposure to fluctuating ambient temperature. Cold
exposure stimulates cold-sensitive receptors present in
the skin, leading to a prompt vasoconstriction that
preserves heat and stimulates shivering reaction that
increases basal metabolic rate and heat production.
These homeostatic mechanisms of heat conservation
and production fail to function normally after SCI
because they require an intact spinal cord and its
hypothalamic feedback. With high-level SCI, a very large
portion of the skin is insentient; therefore, patients may
be especially insensitive to changes in cold and heat. Heat
production is significantly diminished and may increase
only 10% to 15% in response to a drop in ambient
temperature, whereas a similar change of ambient
temperature would prompt an increase in heat produc-
tion from 200% to 500% in an able-bodied person (19).

Our study showed that subnormal body temperature
is a very frequent finding in individuals with chronic SCI.
In a group of 50 patients followed in the hospital for a
period of 30 days, subnormal temperatures were
recorded in all patients. Subnormal temperature record-
ings were twice as common as normal temperatures. In
66% of measurements, body temperature was lower than
normal, whereas the remaining 34% of measurements
were in the normal range. Critically low temperature in
the hypothermic range (,958F) that required therapeutic

intervention was found in 3% of recorded measurements.
It was more difficult to discern therapeutic recommen-
dations for subnormal temperatures not reaching the
hypothermic level. The majority of patients with subnor-
mal temperature remained asymptomatic, without ob-
jective signs of shivering or discomfort. The studies by
Downey et al (3,4,19) showed a delayed shivering
reaction in individuals with tetraplegia or paraplegia.
Individuals with tetraplegia, who have larger areas of
insentient skin than their counterparts with paraplegia,
started shivering at lower central temperatures. Similarly,
paraplegic patients will start to shiver to increase heat
production at a lower central temperature (36.48C) than
control subjects (36.88C) (3,4,19). These inadequate
physiologic responses to cold, with delayed adaptation
to lower temperature, are most likely responsible for the
frequent findings of subnormal body temperature in our
patients.

CONCLUSION
Little is known about possible long-term effects of
subnormal body temperature on organ systems and
metabolism in patients with chronic SCI. Our study does
not allow any conclusion on the long-term effects of
‘‘cold intolerance’’ after SCI. We can only speculate that
chronic subnormal body temperature in patients with SCI
may have some effect on the various abnormalities in
metabolic functions that have been well documented
after SCI (20–24). Future studies will need to evaluate
possible effects of subnormal body temperature on
metabolism in chronic SCI.
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