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Abstract

Study Design Prospective observational cohort study.

Objective To understand if serum procalcitonin (PCT) is a reliable indicator of sepsis in spinal cord injury (SCI) patients
for better prognosis and earlier diagnosis when compared with other common biomarkers such as C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), white blood cells (WBC), blood culture and body temperature.

Methods From March 2021 to August 2022, data were collected for SCI patients who developed septicaemia. In addition to
neurology and admission, the following blood samples were collected on day one of infection: PCT, CRP and WBC. Linear
regression analysis was performed to determine the relationship between PCT, CRP and WBC.

Results A total of 27 SCI patients had an infection during their stay in the regional centre; however, only 10 developed sep-
ticaemias. 100% of SCI individuals with sepsis had elevated PCT levels, whilst 60% had elevated CRP and 30% had elevated
WBC levels. There was a strong positive correlation between PCT and CRP (R2 =0.673, C1=95%, 5.5-22.8, p<0.05) and
a weaker positive correlation between PCT and WBC (R2 =0.110, CI=95%, 4.2-10.9, p <0.05).

Conclusion In SCI individuals, there was a correlation between serum PCT levels and septicaemia. Alongside this, PCT
appeared to be more consistent throughout the study population when compared with CRP and WBC. However, this was a

preliminary study and further research is required on a larger scale.
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Introduction

Sepsis is the body’s overactive and extreme response to
an infection—a life-threatening medical emergency which
can lead to organ failure (severe sepsis) and death if left
untreated. Sepsis is defined as confirmed or suspected infec-
tion associated with a systemic inflammatory response syn-
drome (SIRS). This infection can also lead to septic shock—
which leads to an exaggeration of persistent hypotension
within the spinal cord injury population [1].

Urinary tract and chest infections leading to sepsis are
major cause of mortality and morbidity in critically ill spi-
nal cord injury (SCI) people. According to a comprehensive
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review by McCaughey et al., the United Kingdom (UK)
experiences around 16 new cases per million population in
traumatic spinal cord injuries and 2-3 new cases per million
population in non-traumatic spinal cord injuries per year. [2]
The potential for sepsis in individuals with a SCI is higher
when compared to an able-bodied person. For those with
paralysis, the common causes of sepsis result from infected
pressure sores and urinary tract infections (urosepsis). Res-
piratory tract infections (such as pneumonia) are common
during initial admission with a reported frequency of up to
60%, with urinary tract infections and pressure ulcers having
incidences of 34% and 10%, respectively. [3, 3]

In this study, we investigated the response of procal-
citonin (PCT) levels in serum blood of SCI patients who
encountered septicaemia post-injury. Subsequently, we com-
pared the change of PCT to common infective biomarkers
such as white blood cell count (WBC), C-reactive protein
(CRP), body temperature and blood cultures.

The reason for this investigation is to compare SCI per-
sons to an able-bodied person to understand if serum PCT is
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as reliable of an indicator as it has proven to be in able-bod-
ied individuals. SCI is a high disabling injury and results in
damage or loss of sensational and motor function—includ-
ing vascular ischaemia. In able-bodied individuals, heat loss
is mainly regulated by sweating. A tetraplegic individual
(e.g. as a result of cervical cord transection) is unable
to sweat and it has been suggested that a supplementary
hear loss mechanism is an amplification of the ventilatory
response [5]. This implies that general normal functions are
altered and responses are more complex. Tetraplegic people
are known to interrupt sympathetic vasculature control. This
prevents shunting of blood from the periphery to central
organs when exposed to colder temperatures, leading them
to risk of hypothermia. The interruption of sensory path-
ways to the cortex and hypothalamus impairs behavioural
and involuntary responses to cold ambient temperatures [6].

Patients and methods
Data collection

This prospective observational cohort study was conducted
in a regional care centre—which overlooks the region of
more than 5,000,000 people. The study took place from
March 2021 up until August 2022, and data were collected
from all in-patients aged above 18 with a SCI and whether
they encountered an infection throughout their admission. A
total of 27 patients matched the criteria for the study. Clini-
cally relevant data were collected from all these patients
including age, gender, initial diagnosis, type of neurology
and date of infection with the cause (if an infection was
present).

From these patients, we obtained blood samples if they
exhibited signs and symptoms of septicaemia whilst present
in the ward based on the NICE Guidelines. Throughout the
17 months, 10 individuals suffered a complication leading to
septicaemia. 17 people were excluded from the study popu-
lation as they were not septic individuals and suffered infec-
tions from other causes (non-infectious or COVID). The
initial date of infection alongside the cause was recorded—
which were urosepsis (via a urinary tract infection), chest
infection or infection via a sacral pressure sore. On day one
of infection, we collected relevant parameters via blood tests
including PCT, CRP, WBC count, blood cultures and body
temperature.

Statistics

Statistical analysis of this data was then performed using
Statistical Package for Social Survey (SPSS) Statistics (ver-
sion 28.0.1.1 (14), SPSS Inc., Chicago, IL). The data were
analysed using a statistical significance of p <0.05 for all
comparisons with a confidence interval of 95%. The results
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Table 1 The patient demographics of the 27 individuals with spinal
cord injuries including gender, mean age (+standard deviation), age
range, age groups (adults or seniors), type of neurology (paraplegic
or tetraplegic) and reason for admission (traumatic or non-traumatic
injury)

Categories Frequency Percentage (%)
Total participants 27 100
Male 16 59.26
Female 11 40.74
Mean age (+standard deviation)  62.85 (x£13.01)

Age range 28 — 86

Adults (18-64) 14 51.85
Seniors (65 +) 13 48.15
Tetraplegic 11 40.74
Paraplegic 16 59.26
Traumatic injury 12 44.44
Non-traumatic injury 15 55.56

Table2 The reason for exclusion of patients from the study popula-
tion—showing those who were infected and the causes alongside
those who were non-infections

Categories Frequency Percentage (%)
Non-infectious 6 22.22
COVID 11 40.74
Urosepsis 7 2593
Chest infection 2 7.41
Sacral pressure sore 1 3.70
Total septic 10 37.04
PCT tested 10 37.04
Mean age (+standard devia-  60.40 (+16.74)

tion) of those tested
Age range of those tested 28-82

were also tabulated and graphically represented using SPSS
Statistics. The quantitative variables are expressed as mean
and one standard deviation, and the qualitative variables are
expressed as frequencies and percentages.

Results
Inclusion and exclusion criteria

Overall, 10 patients were included in the study from a total
of 27 screened for the inclusion and exclusion criteria dur-
ing the study period. Demographics of the 27 patients can
be found in (Table 1) which mentions the gender, mean
age (+standard deviation), age range, age groups (adults or
seniors), type of neurology (paraplegic or tetraplegic) and
reason for admission (traumatic or non-traumatic injury).
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The reason for exclusion of 17 patients from the study
population can be found in (Table 2). This shows that 11
patients had infections due to COVID and 6 were non-infec-
tious throughout their admission. From the remaining 10
patients, 7 had a urinary tract infection (UTI), 2 had a chest
infection and 1 had an infection of a sacral pressure sore
leading to a total of 10 septic patients. These 10 patients had
their PCT levels measured—the demographics of these were
a mean age of 60.50 (+16.74) and an age range of 28-82
which was very similar to the initial population.

Blood serum results

The results from the blood samples of the 10 septic patients,
taken on day one of infection, can be seen in (Table 3). The
normal ranges for PCT, CRP, WBC and body temperature
were taken from the local trust reference ranges.

All people with sepsis had elevated PCT levels. 60% had
elevated CRP levels with 40% having normal values and
30% had elevated WBCC levels with 70% having a nor-
mal WBCC. Only 2 cases of positive blood cultures were
found—one strain being Staphylococcus aureus and the
other being Staphylococcus ominis. 80% of patients had
an increased body temperature (>37.5 °C) with 20% being
within the normal range of 36.0-37.5 °C. This signifies that
the majority of individuals with elevated PCT levels and
septic symptoms had negative blood cultures and spiked
body temperatures.

Blood serum biomarker relationships

The relationship between CRP and PCT can be shown in
(Fig. 1A). As a general trend, as CRP values increased, the
value of PCT also increased—showing positive correla-
tion. The confidence intervals were 95%, 5.5 to 22.8, with

p<0.05 and there was a weak strong correlation with an R?
value of 0.673.

Figure 1B also shows the relationship between WBC and
PCT. This implies a much weaker correlation between the
two variables with an R? value of 0.110; however, the general
trend was as WBC increased, PCT values also increased—a
weaker positive correlation. This graph was also analysed
with 95% confidence intervals, 4.2 to 10.9, with p <0.05.

We compared whether the type of neurology and the
infection leading to the septicaemia influenced the PCT
values. Initially, the type of neurology had no significant
difference on the mean PCT value as both paraplegic and
tetraplegic individuals averaged a mean PCT of 1.00 ng/ml.
This can be viewed in (Fig. 2). Furthermore, urosepsis had
shown to cause a significantly higher mean PCT compared
to chest infection and sacral pressure sore infections.

Discussion

The main findings of our study concluded that out of the
entire study population, the PCT values were all elevated in
SCI patients with sepsis. CRP values were also raised in 80%
of the population whereas WBC were only elevated in 30%
of the population. Additionally, only 80% of the population
had a raised body temperature.

In able-bodied individuals, CRP is known to be highly
suggestive of sepsis (sensitivity 98.5%, specificity 75%) and
in individuals with severe sepsis, hypothermia (<36.5 °C)
was associated with increased mortality and organ failure,
irrespective of the presence of septic shock [7, 8].

This further signifies that general normal functions are
altered, and responses are more complex in SCI individu-
als. This was concluded from data suggesting individu-
als with tetraplegia after SCI have significant dysfunction

Table 3 The results from the blood samples of the 10 septic spinal cord injured individuals—mentioning their procalcitonin, CRP, WBC, blood

culture and body temperature

PCT (nor- CRP (normal < 10 mg/L) WBC (normal: Blood culture Body temperature
mal <0.05 ng/ml) 4.0-11.0x10° L) (normal: 36.0—
37.5°C)

Elevated Elevated Elevated Negative Spiked
Elevated Elevated Elevated Negative Normal
Elevated Elevated Normal Negative Spiked
Elevated Elevated Normal Positive (Staphylococcus aureus) Normal
Elevated Normal Normal Negative Spiked
Elevated Elevated Elevated Negative Spiked
Elevated Elevated Normal Negative Spiked
Elevated Normal Normal Negative Spiked
Elevated Normal Normal Negative Spiked
Elevated Normal Normal Positive (Staphylococcus ominis) Spiked
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Fig.1 A A linear regression line showing a relatively strong correlation between procalcitonin and CRP, with an R? value of 0.673. B A linear
regression line showing a weak correlation between procalcitonin and WBC, with an R*2 value of 0.110

of thermoregulation associated with frequent episodes of
subnormal body temperature in a normal ambient environ-
ment—with 66% having subnormal body temperatures [6].
However, our study concluded that the majority of patients
faced a spike in body temperature (hyperthermia) on day
one of sepsis.

@ Springer

Alongside hypothermia, individuals with SCI are prone to
bradycardia and hypotension (nephrogenic shock and ortho-
static hypotension). These are alongside further complica-
tions such as pain, spasticity and autonomic dysreflexia [9].

Septic shock presents with signs such as hypothermia,
hypotension and tachycardia for an able-bodied person.
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Fig.2 A bar chart showing the mean procalcitonin (PCT) levels in patients with different forms of neurological disorders suffering from septi-

caemia

However, as aforementioned, SCI individuals present with
these signs pre-sepsis. Therefore, our aim is to identify
whether PCT is a suitable marker for early diagnosis of
sepsis.

The main complications in SCI people leading to sepsis
are pressure sores and bladder infections. These are common
complications and adequate prevention requires identifying
the risk at an early stage. Pressure sores are the most com-
mon chronic complication [10].

Individuals with a SCI are at risk of developing pressure
sores because they sit for prolonged periods of time and have
impaired mobility with a loss of sensation. The prevalence of
pressure sores varies between 9.6% and 47.4% in individuals
with SCI. Pressure sores are an important and potentially
life-threatening secondary complication of SCI. They can
lead to further functional disability and fatal infections and
surgical interventions can be required [11]. Diseases of skin
(including pressure sores) were reported as the second most
common aetiology for rehospitalisation at most time inter-
vals (years 1, 10, 15, 20) in a multicentre analysis with SCI
individuals [3].

Bladder distension is the most common triggering factor
for autonomic dysreflexia (AD). The distension can result
from urinary retention or catheter blockage and accounts for
up to 85% of cases [12].

Indwelling urethral catheters are used in the acute phase
of injury but they are not recommended for long-term use
because of the high risk for urinary complications (e.g.

urinary tract infection, calculi, urethral damage, renal dys-
function and bladder cancer). Singh et al. identified an
indwelling catheter as being the most prevalent risk indica-
tor of urinary tract infection in SCI individuals. The risk of
urinary tract infection increases with the increasing duration
of catheterization [13].

With early detection of infection leading to better progno-
sis, PCT and CRP are the most frequently used biomarkers
in sepsis across all patient types [14].

Procalcitonin is a biological marker in the blood which
has been found to increase during a bloodstream infection. A
high-level correlates to a sign of a serious bacterial infection.
If treated, the decreasing level can reflect the effect of the
intervention. Furthermore, serum PCT evaluation has been
proposed for early diagnosis and accurate staging to guide
decisions regarding individuals with sepsis, severe sepsis
and septic shock [15].

Accordingly, high early levels of PCT in sepsis have been
suggested to be associated with an unfavourable progno-
sis. The measurement of PCT has gained interest due to it
being a quantitative test that exhibits predictable values and
is more responsive to post-operative events as compared
with more common infection measurements such as WBC,
CRP and erythrocyte sedimentation rate (ESR). It has been
largely confirmed that PCT is the only biochemical param-
eters among a large array which closely correlates with the
inflammatory host response to microbial infections. One
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study found that PCT was an excellent early predictor or
diagnostic parameter, superior to CRP [16].

This was further supported in a recent study where PCT
was superior to CRP in differentiating bacterial causes of
inflammation from non-infectious causes [17].

Spinal cord injury individuals are a unique set of indi-
viduals—with multi-system involvement and autonomic
dysfunction leading to abnormal reactions to many second-
ary complications. Our aim is to conclude whether the policy
regarding measuring PCT in able-bodied individuals for sep-
sis is also appropriate and required in SCI individuals.

In SCI individuals, checking PCT levels is still not a
requirement when investigating for septic patients. It has
been vastly concluded that PCT is one of the only blood
serum parameters which closely correlates with bacterial
infections. Serum PCT evaluation was proposed for early
diagnosis and accurate staging of sepsis, contributing to
early decisions and optimal care for the able-bodied per-
son—Ileading to better outcomes in individuals with sep-
sis, severe sepsis and septic shock [18]. Having systemati-
cally searched through many databases including PubMed,
Cochrane, Embase and MEDLINE, we were unable to find
a study to discern if PCT is a reliable indicator of sepsis in
SCI patients comparatively to CRP, ESR, WBC and other
biochemical markers. This was the basis for the commence-
ment of this study and thus has allowed us to demonstrate
that PCT does increase in SCI individuals with sepsis. We
would recommend further studies to be undertaken to sup-
plement further findings to support our study.

This study will be useful in the clinical setting by allowing
clinicians to consider another infection marker for treatment.
As well as treating sepsis using PCT as a marker, antibiotic
stewardship is becoming more of a prevalent issue which
also needs to be addressed. The increased use of antibiotics
is leading to the emergence of antibiotic resistance; therefore,
targeted prescribing is essential as well as improving knowl-
edge about antibiotic prescribing. [19] Gregoriano et al. [20]
discussed the importance of procalcitonin in the management
of sepsis. The paper highlighted the major challenge of using
antibiotics to treat sepsis and how the use of PCT in manag-
ing sepsis is important as it has good discriminatory prop-
erties to differentiate between bacterial and viral infections
and thus can help improve antibiotic stewardship by reducing
the prevalence of antibiotic prescribing in viral infections. In
a systematic review of using PCT-guided therapy in inten-
sive care unit patients with severe sepsis and septic shock, it
has been concluded that PCT is useful in helping clinicians
decide about antibiotic therapy and ensuring there is a shorter
duration of antibiotic use compared to standard care [21].
From this study, it can be concluded that PCT is useful for
clinicians treating patients as it ensures a targeted approach to
treatment, leading to shorter durations of antibiotic use. For
SCI patients in particular, the previous studies would help
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show the benefits with using PCT. SCI patients are particu-
larly vulnerable to infections especially those respiratory in
nature. Sepsis occurs as a secondary complication after SCI
and has terrible outcomes for patients [22]. Therefore, PCT-
guided therapy can help SCI patients suffering from sepsis
in an intensive care setting and, however, further studies to
understand its effectiveness in that setting.

The limitations we faced throughout this study included
being unable to test the ESR values for all patients which
hindered our ability to compare how the ESR levels were
affected in SCI patients as it is also a key inflammatory
biomarker.

Further to issues regarding taking samples, we were unable
to take PCT values for non-septic patients due to policies. This
meant we were unable to conduct Student’s t tests and ROC
curves to test for PCT sensitivity and specificity—as the stu-
dent’s t test is used to investigate differences between groups
depending on the distribution of data—meaning we were una-
ble to see where PCT had a significance depending on sepsis.

Unfortunately, the study population was very limited
throughout the study time. A smaller sample size invariably
leads to a decrease in reliability. As discussed in Tipton et al.
[23], a small sample size can lead to large differences between
the sample and population by chance. Therefore, if future stud-
ies were to occur, they would require a much larger sample size.
This will enable statistics to be developed on a larger population
and will increase the statistical power of the study. PCT values
would also need to be taken of non-septic infections to provide a
control group in order to compare the effect of PCT levels. This
will enable a future study to be performed to investigate if PCT
increase is significant within the SCI group only. From this, it
can help formulate a proforma for investigating and treating
sepsis in spinal cord injury patients.

It would be beneficial to monitor the response of PCT
throughout the treatment of septicaemia—not only on day
one. This was limited in our study due to the lack of empha-
sis on testing for PCT in SCI patients with sepsis.

Conclusion

PCT levels were elevated in all SCI patients with sepsis in
this study, suggesting serum PCT levels are a reliable bio-
logical marker for early prediction and diagnosis of septic
complications in SCI patients. Other biomarkers including
CRP and body temperature were also indicative of inflam-
mation; however, there were cases emphasising abnormal
able-bodied reactions to a sepsis infection in SCI individu-
als. However, due to the size of the study population, sensi-
tivity and specificity were unable to be measured comparing
PCT with other biological markers. We would recommend
PCT levels to be checked if a person with a SCI was to be
infected; however, the results are considered preliminary and
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further research is required to verify the findings in the form
of a large-scale multicentre prospective observational trial
with PCT values taken from day 1 of infection and through-
out the treatment of the infection. These should also include
those with an infection that is not sepsis to be used as a
control group in order to compare the significance of PCT to
CRP and ESR. This will aid in determining whether testing
PCT levels would be a necessity for infections in SCI indi-
viduals to diagnose sepsis at an early stage and to implement
this in clinical practice and policy.
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