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STUDY DESIGN: Retrospective chart review.
OBJECTIVES: Sepsis is a leading preventable cause of death in patients with chronic spinal cord injury (SCI). Individuals with
tetraplegia may exhibit different signs and symptoms of infection compared to those with paraplegia. In this study, we examine
differences in vital signs (VS) and mental status between septic patients with tetraplegia and paraplegia with the goal of improving
early identification of sepsis in this population.
SETTING: Veterans hospital in Washington, USA.
METHODS: Participants consisted of 19 patients with tetraplegia and 16 with paraplegia who were transferred from an SCI Service
to a higher level of care with sepsis between June 1, 2010 and June 1, 2018 (n= 35). We compared VS between patients with
tetraplegia and paraplegia at baseline and during sepsis including temperature, heart rate (HR), and blood pressure as well as
presence/absence of altered mental status (AMS).
RESULTS: While there were no significant VS differences between groups at baseline, septic patients with tetraplegia had lower
maximum temperature (38.2 °C versus 39.2 °C, p= 0.003), lower maximum HR (106 versus 124 beats/minute, p= 0.004), and more
frequent AMS compared to septic patients with paraplegia (79% versus 31%, p= 0.007).
CONCLUSION: Patients with tetraplegia may not be able to mount fever and tachycardia to the same degree as patients with
paraplegia and may be more prone to developing AMS during sepsis. These findings suggest that changes to VS parameter cut-offs
may improve sensitivity and be useful in identifying sepsis earlier in the tetraplegic population.
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INTRODUCTION
Sepsis is a leading preventable cause of death in patients with
chronic spinal cord injury (SCI) [1]. Patients with SCI have
increased susceptibility to infections due to several factors
including a compromised respiratory system, neurogenic bladder
requiring urinary catheters, and impaired sensation leading to
pressure injuries [2]. Furthermore, the standardized mortality ratio
(SMR), which quantifies the change in mortality of a cohort with
respect to the general population, for sepsis among patients with
SCI is extremely elevated at 172.3 [1]. One possible contributing
factor is atypical signs and symptoms of infection in the SCI
population, leading to delays or errors in diagnosis and manage-
ment [3].
Sepsis is currently defined as infection with organ dysfunction,

which can be represented by a Sequential [Sepsis-associated]
Organ Failure Assessment (SOFA) score of two points or more [4].
Multiple studies have shown that early administration of
antimicrobials improves clinical outcomes [5–7]. In the SCI
population, a delay in empirical antibiotic treatment is common
[8], with atypical clinical presentations possibly contributing to this
delay [3].
Considering the effect of SCI on the autonomic nervous system

(ANS), it is unsurprising that patients with SCI may have different

signs and symptoms of infection compared to the general
population. In addition to playing a critical role in maintaining
physiologic homeostasis and responding to stressors, the ANS
mediates interactions between the nervous and immune systems
[9]. Spinal cord injury affects the ANS to varying degrees depending
on the level and completeness of injury, suggesting that patients
with tetraplegia may exhibit different signs and symptoms of
infection compared to individuals with paraplegia. A Pubmed
search on April 14, 2022 using keywords “spinal cord injury”,
“sepsis”, and “vital signs” did not yield any studies examining vital
sign (VS) differences between patients with tetraplegia and
paraplegia during sepsis. As timely treatment of sepsis translates
to improved clinical outcomes, it is important to characterize any
differences in how these two groups respond to sepsis.
In this study, we examine differences in VS and mental status

between septic patients with tetraplegia and paraplegia with the
goal of improving early identification of sepsis in this population.

METHODS
Study design
We conducted a retrospective chart review of all patients with SCI who
were transferred from the Veterans Affairs Puget Sound Health Care

Received: 7 March 2022 Revised: 2 November 2022 Accepted: 3 November 2022

1Spinal Cord Injury Service, Veterans Affairs Puget Sound Health Care System, Seattle, WA, USA. 2Department of Rehabilitation Medicine, University of Washington, Seattle, WA,
USA. ✉email: Shawn.Song@va.gov

www.nature.com/scsandc

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00553-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00553-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00553-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00553-3&domain=pdf
http://orcid.org/0000-0002-2894-7111
http://orcid.org/0000-0002-2894-7111
http://orcid.org/0000-0002-2894-7111
http://orcid.org/0000-0002-2894-7111
http://orcid.org/0000-0002-2894-7111
http://orcid.org/0000-0002-3505-5242
http://orcid.org/0000-0002-3505-5242
http://orcid.org/0000-0002-3505-5242
http://orcid.org/0000-0002-3505-5242
http://orcid.org/0000-0002-3505-5242
http://orcid.org/0000-0003-4714-5111
http://orcid.org/0000-0003-4714-5111
http://orcid.org/0000-0003-4714-5111
http://orcid.org/0000-0003-4714-5111
http://orcid.org/0000-0003-4714-5111
https://doi.org/10.1038/s41394-022-00553-3
mailto:Shawn.Song@va.gov
www.nature.com/scsandc


System SCI Service to a higher level of care with a diagnosis of sepsis
between June 1, 2010 and June 1, 2018. Collection of data from the
electronic medical record for research purposes was approved by the
institutional review board.

Participants
Our SCI Unit contains 38 beds with an average daily census of 24.1
patients, with both acute and chronic SCI, during the study period.
Unexpected transfers off the SCI Service had been previously identified for
quality assurance purposes. Patients who were identified as having sepsis
by the accepting team were included in our study. For patients with
multiple transfers due to sepsis, we only included data from the first
episode to simplify subsequent statistical analyses. We also excluded one
patient from the heart rate (HR) analyses who had a cardiac pacemaker.
Demographic data were collected including age, sex, duration of injury,
length of stay (LOS), neurologic level of injury, and American Spinal Injury
Association Impairment Scale (AIS). We reviewed medical records to
determine which patients had ever experienced autonomic dysreflexia
(AD) as an indicator of degree of autonomic dysfunction. Outcomes were
then compared between patients with tetraplegia (n= 19) and paraplegia
(n= 16).

Outcome Measures
We extracted baseline, asymptomatic VS including temperature (Tb), heart
rate (HRb), systolic blood pressure (SBPb), and diastolic blood pressure
(DBPb). These were calculated by averaging five sets of VS using one of
three methods. Preferably, we averaged the last five VS measurements that
were obtained prior to hospital discharge. If this was unobtainable (e.g.,
patient died during admission), we averaged five consecutive VS
measurements from prior to transfer, at least 48 h prior to symptom
development. Finally, if this was not possible (e.g., patient was symptomatic
upon admission), we averaged the five most recent sets of outpatient VS. To
obtain VS during sepsis, we extracted the highest temperature (Tmax),
highest heart rate (HRmax), lowest systolic blood pressure (SBPmin), and
lowest diastolic blood pressure (DBPmin) as well as laboratory values (if
performed) in the 24 h prior to transfer off the SCI Service. Collected
laboratory values included white blood cell count, lactate, platelets,
prothrombin time (PT), international normalized ratio (INR), total bilirubin,
and creatinine. We also recorded the presence/absence of altered mental
status (AMS) in the 24 h prior to transfer by reviewing progress notes from
nursing and physician staff. To determine if there was a significant
difference in VS changes from baseline to sepsis, we compared these
differences between patients with tetraplegia and paraplegia.

Statistical analysis
Data are expressed as mean ± standard deviation. Two-tailed unpaired t-
test and Fisher’s exact test were used to compare demographic data
between patients with tetraplegia and paraplegia. The two-tailed
Mann–Whitney U test was used to compare VS and laboratory data
between patients with tetraplegia and paraplegia. Two-tailed Fisher’s exact
test was used to compare the percentage of patient with AMS between
those with tetraplegia and paraplegia. All statistical analyses were
performed with SPSS 19 for Windows. Statistical significance was set at
p < 0.05 for all tests.

RESULTS
During the study period, there were 151 unexpected transfer
events that occurred in 90 patients and 36% (n= 54) were due to
sepsis. Multiple patients were transferred more than once, but
only the initial episode was considered in the current study
(n= 35). Patient characteristics are shown in Table 1. Age, years
since initial SCI, proportion of patients with injuries less than six
months duration, LOS, and distribution of AIS classification did not
significantly differ between the two groups. As expected, patients
with tetraplegia were significantly more likely to have had a
previous episode of AD compared to patients with paraplegia
(68% versus 19%, p= 0.006). In addition to being diagnosed with
sepsis by the accepting team, all patients met at least two out of
four systemic inflammatory response syndrome (SIRS) criteria
(temperature > 38.0 °C or <36.0 °C, tachycardia > 90 beats/minute,
tachypnea >20 breaths/minute, and WBC > 12 × 109 or <4 × 109) in
the 24 h prior to transfer and had at least one suspected source of
infection.
While there were no significant differences in VS between

patients with tetraplegia and paraplegia at baseline, there were
significant VS differences between the two groups during sepsis
(Table 2). The Tmax among patients with tetraplegia was 38.2 °C
compared to 39.2 °C in patients with paraplegia (p= 0.003). In
addition, HRmax was significantly lower among patients with
tetraplegia compared to paraplegia (106 versus 124 bpm,
p= 0.004). There was no significant difference in SBPmin or DBPmin

between patients with tetraplegia and paraplegia. Comparing the
degree of change in VS from baseline to sepsis, the rise in
temperature and HR from baseline to sepsis was significantly

Table 1. Patient characteristics.

Tetraplegia (n= 19) Paraplegia (n= 16) p value

Age in years, mean (SD) 61.9 (12.4) 63.2 (16.4) 0.80

Males, n (%) 19 (100) 16 (100) 1.0

Years injured, mean (SD) 15.3 (15.5) 13.5 (13.3) 0.72

Injured within 6 months, n (%) 4 (21) 4 (25) 1.0

AIS, n (%) 0.44

A 6 (32) 7 (44)

B 5 (26) 5 (31)

C 1 (5) 2 (12.5)

D 7 (37) 2 (12.5)

Length of stay in days, mean (SD) 133 (140) 121 (97) 0.77

History of episodes of autonomic dysreflexia, n (%) 13 (68) 3 (19) 0.006*

Source of sepsis, n (%) 0.16

Urinary 5 (26) 9 (56)

Respiratory 5 (26) 1 (6)

Skin/soft tissue 1 (5) 2 (13)

Other/unknown 8 (42) 4 (25)

AIS American Spinal Injury Association Impairment Scale, SD standard deviation.
*Significant p value.
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lower in patients with tetraplegia compared to patients with
paraplegia, while SBP and DBP both fell to a similar degree in both
groups. Finally, the prevalence of AMS among septic patients with
tetraplegia was significantly higher compared to patients with
paraplegia (79% versus 31%, p= 0.007) (Table 3).
There were no significant differences in any laboratory value

between septic patients with tetraplegia and paraplegia (Table 4).

DISCUSSION
Our findings suggest that patients with tetraplegia may have a
different physiologic response to sepsis compared to patients with
paraplegia, manifest in clinical parameters assessed on clinical
sepsis screening tools. Specifically, patients with tetraplegia are
not able to mount as high of a temperature or HR in response to
systemic infection. In addition, AMS is much more common during
sepsis among patients with tetraplegia compared to patients with
paraplegia. These findings are unlikely to be due to differences in
sepsis severity, as there were no significant differences in blood
pressure or laboratory values between the two groups.

Impaired thermoregulation
In able-bodied individuals, fever is the result of an increase in the
hypothalamic set point, which is triggered by endogenous and/or
exogenous pyrogenic substances. These pyrogenic substances
induce the release of endogenous pyrogenic cytokines, triggering
a cascade resulting in disinhibition of thermogenic neurons in the
anterior hypothalamus, thus establishing a new higher hypotha-
lamic set point. Mechanisms mediated by the sympathetic
nervous system, including shivering and vasoconstriction, then
raise the body temperature to match the new set point [10].
In tetraplegia, heat conservation and thermogenesis may be

inhibited to a greater degree compared to paraplegia. Following
SCI, individuals experience a loss of vasomotor control below the
level of injury [11]. Thus, individuals with tetraplegia have a
greater degree of vasomotor impairment compared to individuals
with paraplegia, resulting in more profound thermoregulatory
impairment. Guttman et al. showed that individuals with
tetraplegia have lower core temperatures compared to able-
bodied individuals in the setting of colder ambient temperatures
(18–20 °C) [12]. In addition, in this temperature range, the skin
temperature of patients with tetraplegia was significantly higher
compared to able-bodied individuals, demonstrating an impaired
ability to vasoconstrict peripheral vasculature to conserve heat.
Furthermore, patients with tetraplegia have impaired shivering,

which represents the body’s most potent method of increasing
metabolism and heat production [13]. Downey et al. demon-
strated that individuals with SCI are only able to shiver in muscles
with intact innervation [14]. As a result, patients with tetraplegia
were only able to increase their metabolism by 100% in cold
temperatures, compared to 200% in patients with paraplegia.
Therefore, septic patients with tetraplegia may be unable to
match their body temperature to the higher hypothalamic set
point due to impaired shivering and vasoconstriction. In our study,
septic patients with tetraplegia had a Tmax that was 1.0 °C lower
than patients with paraplegia, supporting this hypothesis.
Previous research investigating fever in response to infection

among patients with SCI is mixed. Earlier studies suggested that
individuals with tetraplegia are able to mount fevers of a similar
magnitude as able-bodied individuals in response to infection
[15], while a more recent study showed an impaired ability to
mount temperature >38 oC in response to infection/inflamma-
tion in patients with tetraplegia and paraplegia [16]. An
important distinction between the previous studies and our
study is that our cohort only included patients diagnosed with
sepsis, while the previous studies included patients with
infections/inflammation of unclear severity, possibly accounting
for the different findings.Ta
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Cardiovascular dysfunction
Heart rate. In addition to elevated temperature, sepsis is also
characterized by cardiovascular dysfunction. The onset of sepsis is
often accompanied by hypovolemia due to vasodilation and
leakage of plasma into the extravascular space. The resulting
hypotension is sensed by baroreceptors in the carotid sinus and
aortic arch, triggering increased sympathetic outflow to the heart
and vasculature in an effort to maintain cardiac output [17, 18].
Following tetraplegia, supraspinal control of preganglionic sym-
pathetic neurons in the thoracolumbar spinal cord is impaired. In
our study, patients with tetraplegia had significantly lower HR
during sepsis compared to patients with paraplegia, suggesting
that sympathetically mediated tachycardia in the setting of
hypotension is blunted in this population.
Though no previous literature has compared HRmax during

sepsis in patients with tetraplegia compared to paraplegia, several
studies examining the cardiovascular response to exercise in the
SCI population provide support for impaired sympathetically
mediated tachycardia in this population. During exercise, early
increases in HR are thought to be dependent upon supraspinal
regulation of the sympathetic nervous system [19]. Previous
studies have shown that tetraplegia impairs the capacity to
increase HR immediately after onset of exercise compared to able-
bodied controls [19, 20]. In addition, HR immediately after onset of
exercise is lower in individuals with tetraplegia compared to those
with paraplegia, in whom supraspinal control of the sympathetic
outflow to the heart is relatively less impaired [19]. These findings
support our hypothesis that impaired supraspinal control of
sympathetic outflow to the heart in patients with tetraplegia
blunts sepsis-induced tachycardia.

Blood pressure. Our finding that baseline blood pressure was not
significantly different in patients with predominantly chronic
tetraplegia compared to patients with paraplegia is at odds with
several previous publications [21–24]. Our study may have been
underpowered to detect a small blood pressure difference
between the two groups. A study by Zhu et al. supports this
possibility, as it showed that mean baseline SBP over a five-year
period among individuals with tetraplegia was only 5 mmHg and
10mmHg lower compared to individuals with high and low
paraplegia, respectively [25].
To our knowledge, there is no literature examining differences

in blood pressure in septic patients with tetraplegia versus
paraplegia. In our study, there was no difference in blood pressure
nadir during sepsis between the two groups, consistent with the
hypothesis that sepsis-induced hypotension is largely indepen-
dent of the ANS. Though cardiac dysfunction and hypovolemia

contribute to septic shock, peripheral vasodilation represents the
major mechanism [26]. Vasodilation in septic shock is mediated by
increased nitric oxide and prostacyclin synthesis, triggered by
endotoxin [27, 28]. In addition, vasodilation occurs in the setting of
dramatically increased peripheral levels of catecholamines [29],
suggesting that vasodilation in septic shock is independent of the
sympathetic nervous system. Therefore, it is plausible that sepsis
may affect the blood vessels of patients with tetraplegia and
paraplegia to the same degree, regardless of the integrity of the
sympathetic nervous system.

Altered mental status
Alteration in mental status is a common early finding in severe
sepsis, with prevalence ranging from 9–71% [30–35]. Sepsis-
associated encephalopathy (SAE) describes the diffuse cerebral
dysfunction that accompanies sepsis in the absence of direct
central nervous system infection, structural abnormality, or other
types of encephalopathy such as hepatic or renal encephalopathy.
Evidence that impaired cerebral autoregulation may contribute

to SAE comes from Bowton et al., who showed that cerebral blood
flow (CBF) was significantly lower in nine encephalopathic septic
patients compared to normal age-matched values [36]. In
addition, this depression did not correlate with changes in mean
arterial pressure. It is possible that reduced CBF results in ischemia
and contributes to AMS.
Though there was no significant blood pressure difference

between septic patients with tetraplegia and paraplegia in our
study, and blood pressure dropped to a similar degree compared
to baseline, the prevalence of AMS in patients with tetraplegia was
significantly higher compared to patients with paraplegia. Given
the absence of significant blood pressure differences between the
two groups, cerebral perfusion pressure could not have accounted
for the observed difference in AMS. However, impaired cerebral
autoregulation and/or cerebrovascular reactivity leading to
diminished CBF among patients with tetraplegia is a possible
explanation for this difference. Using a clinically relevant model of
transient hypertension in rats, Phillips et al. showed that chronic
repetitive cerebral hyperperfusion such as seen with AD, resulted
in impaired cerebrovascular endothelial function and profibrotic
cerebrovascular stiffening characterized by reduced distensibility
[37]. As patients with tetraplegia are more likely to experience
repetitive transient hypertension due to AD compared to patients
with paraplegia, this group is more likely to have the impaired
cerebrovascular endothelial function and cerebrovascular stiffen-
ing described above. In our study, 68% of patients with tetraplegia
experienced AD, compared to only 19% of patients with
paraplegia. Furthermore, the majority of patients with tetraplegia

Table 3. Altered mental status in septic patients with tetraplegia and paraplegia.

Tetraplegia (n= 19) Paraplegia (n= 16) Difference (p value)

% With altered mental status [95% confidence interval] 79 [54, 94] 31 [11, 59] 48 (p= 0.007)

Table 4. Comparison of laboratory values between septic patients with tetraplegia and paraplegia.

Laboratory test Tetraplegia Paraplegia Difference (p value)

WBC (K/μL) ± SD 17.4 ± 10.3, n= 19 15.3 ± 7.0, n= 15 2.1 (0.5)

Lactate (mmol/L) ± SD 2.0 ± 1.1, n= 16 1.5 ± 0.6, n= 12 0.5 (0.09)

Plts (K/μL) ± SD 283 ± 125, n= 19 351 ± 185, n= 15 −68 (0.21)

PT (s) ± SD 15.4 ± 2.1, n= 14 14.9 ± 1.4, n= 8 0.5 (0.58)

INR ± SD 1.3 ± 0.2, n= 14 1.2 ± 0.1, n= 8 0.1 (0.66)

Tbili (mg/dL) ± SD 0.5 ± 0.2, n= 19 0.5 ± 0.4, n= 13 0 (0.69)

Cr (mg/dL) ± SD 1.3 ± 1.0, n= 19 1.3 ± 0.7, n= 15 0 (0.81)

WBC white blood cells, plts platelets, PT prothrombin time, INR international normalized ratio, Tbili total bilirubin, Cr creatinine, SD standard deviation.
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in our study were injured for >6 months, a duration that would
allow the above-mentioned vascular changes to occur in response
to recurrent AD episodes. Thus, given the importance of intact
endothelial function and cerebrovascular distensibility to the
regulation of the cerebrovasculature [38–42], it is plausible that
patients with tetraplegia, but not paraplegia, have impaired
cerebrovascular regulation during sepsis leading to reduced CBF
and subsequent AMS.

Clinical implications
Recognition that patients with tetraplegia may not mount fever or
tachycardia to the same degree as patients with paraplegia has
important implications regarding sepsis screening. The Surviving
Sepsis Campaign recommends that hospitals have a performance
improvement program for sepsis, including sepsis screening,
which is associated with decreased mortality in several studies
[43, 44]. A prior study of patients with recent-onset SCI
determined that a screening tool for earlier clinical deterioration
should use a lower SBP cut-off for patients with neurological levels
T6 or rostral to avoid false-positive screens, but the study did not
assess patients with sepsis [24]. Currently, there is no sepsis
screening tool that has been validated in the SCI population.
In addition to differences in VS, we observed that septic patients

with tetraplegia may be more likely to experience AMS compared
to patients with paraplegia, suggesting that this population may
benefit from interventions aimed specifically at SAE [45–49].

Limitations
There are several limitations to our study. Given a relatively small
sample size of 35, the likelihood of a Type II error is increased in
our study. In addition, all our study participants were male,
limiting the generalizability of the results. For septic VS data, we
collected the most extreme values for temperature, HR, and blood
pressure, which occasionally occurred at different time points, not
reflecting how VS would be interpreted from a sepsis screening
standpoint. Analysis of respiratory rate, which is a component of
both SIRS criteria and qSOFA, would have been useful, but we
chose to exclude this measure due to accuracy concerns. We did
not have a measure of autonomic completeness such as the
International Standards to document remaining Autonomic
Function after SCI (ISAFSCI) [50], though we did quantify the
number of patients in each group who experienced AD, providing
some information regarding each patient’s propensity to episodes
of transient hypertension. Finally, an objective measure of AMS
such as the Glascow Coma Scale would have provided useful
detail but was not available in our data set.

CONCLUSION
Our study, the first to our knowledge to examine differences in
how individuals with tetraplegia and paraplegia respond to sepsis,
shows that patients with tetraplegia may not be able to mount
fever and tachycardia to the same degree as patients with
paraplegia. In addition, AMS was significantly more prevalent in
the tetraplegic group, possibly secondary to impaired cerebral
autoregulation and/or cerebrovascular reactivity. These findings
suggest that changes to VS parameter cut-offs may improve
sensitivity and be useful in identifying sepsis earlier in the
tetraplegic population. Furthermore, particular importance should
be placed on identifying AMS in patients with tetraplegia, as this
may be an early and frequent sign of sepsis in this population.

DATA AVAILABILITY
Data are available from the corresponding author on reasonable request.
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