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Abstract

Background: Identifying secondary infections in patients receiving extracorporeal membrane

oxygenation (ECMO)] presents challenges due to the ECMO circuit’s influence on traditional

signs of infection.

Objectives: This study evaluates procalcitonin as a diagnostic marker for secondary infections

in patients receiving ECMO with influenza or COVID-19 infection.

Design: Single-center retrospective cohort study.

Methods: All adult patients receiving veno-venous ECMO with underlying influenza or

COVID-19 from November 2017 to October 2021 were included. Patient demographics, time

receiving ECMO, culture data, and procalcitonin levels were examined. The first procalcitonin

within 3days of infection was compared to negative workups that were collected at least

10days from the last positive culture. Furthermore, we compared procalcitonin levels by the

type of pathogen and site of infection.
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with caution in patients receiving ECMO.

Procalcitonin is a laboratory test sometimes used to identify infections, but its test
performance is not known in this population. Methods: We performed a study of adult
patient patients receiving ECMO to determine if there were differences in procalcitonin
levels when patients had infections as compared to when they did not have infections.
We also looked to see if procalcitonin levels routinely dropped after an infection was
diagnosed. Results: Procalcitonin values were no different when patients had an infection
as compared to when they did not have an infection. Using standard laboratory cut-offs,
the procalcitonin sensitivity was 67%, and specificity was 30%. Procalcitonin levels did not
routinely decline even after an infection was identified. Conclusions: Procalcitonin poorly
differentiated patients with infections from those without infections and should be used
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infection, procalcitonin
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Introduction

Patients receiving extracorporeal membrane oxy-
genation (ECMO) are at high risk for developing
nosocomial infections. Recent studies have high-
lighted that patients with COVID-19 are at a par-
ticularly elevated risk of secondary infections
compared to other indications for ECMO.!:2
While existing literature has focused on the epide-
miology and prognosis of ECMO-related infec-
tions, limited attention has been given to
diagnostics. Identifying infections in patients
receiving ECMO can be challenging due to the
lack of universal definitions of infections in this
population, concern about masking temperature
changes with the ECMO circuit, and the systemic
inflammatory response related to contact between
the blood and the ECMO circuit.?# Recent stud-
ies have shown low specificity to commonly used
factors to determine infection, such as fever, leu-
kocytosis, and elevated sepsis scores.> Due to the
poor individual performance of common infec-
tious markers, a third of ECMO centers perform
surveillance cultures to monitor for infections.6
There have been proposals to trial other markers
of infection on ECMO due to the low sensitivity
and specificity of each individual test.”

Procalcitonin, a biomarker believed to rise in
response to bacterial infections and decline with
effective treatment, has been used extensively in
de-escalating antibiotics for community-acquired
pneumonia.® Procalcitonin measurements are not
affected by the ECMO circuit and are used clini-
cally at certain institutions to assist in determining

the presence of an infection.® This study evaluated
the sensitivity and specificity of elevated procalci-
tonin during nosocomial infections and the subse-
quent changes in procalcitonin after an infection is
identified.

Methods

This single-center retrospective cohort study
assessed the real-world use of procalcitonin in
identifying secondary infections among adult
patients (age>18) who received ECMO for
underlying COVID-19 or influenza between
November 2017 to October 2021 at Brooke Army
Medical Center. Brooke Army Medical Center is
the sole ECMO facility in the Department of
Defense and is a referral center for other military
hospitals and civilian critically ill patients in South
Texas. For this protocol, we excluded all patients
admitted for a reason other than severe COVID-
19 or influenza to standardize the population and
minimize the effects of ischemia and surgery on
procalcitonin values.!? At this center, there are no
prophylactic antibiotics nor use of surveillance
cultures. Procalcitonin ordering was not protocol-
ized and primary teams had sole discretion to
order when they felt it was clinically indicated. All
patients receiving standard precautions on
ECMO with COVID-19 were on strict isolation
(face shield, N95, gown) for 20 days after admis-
sion, while patients with influenza were on drop-
let precautions. All patients in this study received
veno-venous ECMO configuration. This study
followed the Strengthening the report of observa-
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tional studies in epidemiology (STROBE) check-
list for cohort studies (Supplemental Table 1).

We collected demographics for all patients who
met the inclusion criteria. All infectious workups
were performed at the discretion of the treatment
team and were not protocolized. Additional data
collected included the duration of ECMO sup-
port and survival to discharge. Infections were
defined as a positive culture that the primary team
treated with an antimicrobial. Infections were fur-
ther characterized by the site of collection (as
either bloodstream, respiratory, or urinary tract)
as well as the characteristics of the causative
pathogen.

Statistical analysis

The primary outcome of this study was to evalu-
ate the sensitivity and specificity of elevated proc-
alcitonin  values in identifying confirmed
infections. Any procalcitonin value greater than
0.5ng/mL was considered positive. For this anal-
ysis, the procalcitonin values associated with
infection were compared to procalcitonin values
associated with a negative workup, which encom-
passed procalcitonin values from patients with no
secondary infection, as well as those procalcitonin
values collected at least 10days from the most
recent positive culture. Infection-associated proc-
alcitonin values included those on the day of posi-
tive culture or in the 3days following positive
culture. For patients with infections, we trended
procalcitonin values collected in the 10 days after
the first positive culture to determine if they reli-
ably dropped after diagnosis of an infection. For
secondary outcomes, we compared the infection-
associated procalcitonin value for gram-positive
and gram-negative infections, as well as by site of
infection. An analysis of covariance mixed model
was performed to determine if there was a signifi-
cant difference in decay to the procalcitonin value
in the 10days after an infection was identified for
blood wversus lung infections.

The analyzed values we reported as medians,
interquartile ranges (IQR), and corresponding p
values. We determined the significance of pri-
mary outcome analysis based on the Mann—
Whitney U test. A p value less than 0.05 was
considered indicative of statistical significance.
This protocol was reviewed by the San Antonio
Research and Human Protections Office and
determined to be exempt.

Results

From November 2017 to October 2021, 214
patients received ECMO at Brooke Army Medical
Center. Of these, 84 (36%) patients were diag-
nosed with influenza or COVID-19 on admission
and were included in this study (Table 1). The
population was predominantly male (=65,
77%), with a median age of 43 (IQR: 35-51). A
total of 76% of the study population had an
admission diagnosis of COVID-19, while the
remaining 24% had an admission diagnosis of
influenza. A total of 53 survived to discharge
(63%), and the median time on ECMO was 17.3
(IQR: 9.7-34.3) days. Patients received a median
of 2 [1-4] procalcitonin tests during their
hospitalization.

We identified a total of 92 nosocomial infections,
with 55 bloodstream infections, 32 respiratory
infections, and 5 urinary tract infections. Of these
secondary infections, organisms included 42
gram-positive bacteria, 41 gram-negative bacteria,
8 fungi, and 1 disseminated viral infection. A total
of 33 (36%) nosocomial infections had a procalci-
tonin value taken within 72h of positive culture.
Of these procalcitonin values in the infection
group, 19 (58%) procalcitonin were collected on
the day of positive culture, 10 (32%) within 1day
of positive culture, and 4 (12%) collected 2—3 days
after the positive culture. A total of 185 values met
criteria for procalcitonin values with a negative
infectious workup. A total of 58 procalcitonin val-
ues were collected between 3days and 10days
from the most recent positive culture and were not
included in comparisons between procalcitonin
and secondary infection.

The median procalcitonin was 1.33 IQR [0.46—
3.49]. There was no difference in median procal-
citonin for those with influenza [1.12 (0.46-3.12)]
as compared to those with COVID-19 [1.41
(0.5-3.85), p=0.45]. The was no difference in
median procalcitonin for those with infections
[0.36 (0.35-1.38) wersus 1.00 (0.48-2.37),
p=0.30] or negative infectious [1.48 (0.48-4.23)
versus 1.19 (0.40-4.26), p=0.36] workups
between influenza and COVID-19 respectively.
The median procalcitonin was lower in patients
who survived hospital discharge as compared to
those who died in the hospital [0.9 (0.3-2.3) ver-
sus 2.4 (0.9-5.7), p<0.0001].

For the primary outcome, there was no significant
difference  between  procalcitonin  values
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Table 1. Demographic information of 84 patients with
COVID-19 or influenza who received extracorporeal
membrane oxygenation at Brooke Army Medical
Center during the study period.

Count (n, %) or

Median (IQR)
Female 19 (23%])
Age 43 (35-51)
Admission diagnosis
Influenza 20 (24%)
COVID-19 64 (76%)
Survival to discharge 53 (63%)
Time on ECMQ, days 17.3(9.7-34.3)
Total infections 92
Bloodstream infections 55
Respiratory infections 32
Urinary tract infections 5
Infection rate/1000 ECMO days
Total 48.0
Bloodstream infections 28.7
Respiratory infections 16.7
Urinary tract infections 2.6
Infectious organisms
Gram-positive Bacteria 42 (46%)
Enterococcus faecalis 16 (38%])
Staphylococcus aureus 15 (36%)
Staphylococcus epidermidis 7 (17%)
Gram-negative Bacteria 41 (45%)
Pseudomonas aeruginosa 12 (29%)
Klebsiella oxytoca 4 (10%)
Klebsiella aerogenes 4 (10%)
Fungal 8 (9%])
Candida albicans 4 (50%)
Candida dubliniensis 1 (13%)
Candida tropicalis 1 (13%)
Viral 1(1%)
Disseminated HSV 1 (100%])
Procalcitonin tests/patient, 2 [1-4]

median [IQR]

ECMO, extracorporeal membrane oxygenation; HSV,
Herpes simplex virus; IQR, interquartile ranges.

associated with patients with identified secondary
infection compared to procalcitonin values in
patients with negative infectious workups
[median: 1ng/mL (IQR: 0.4-1.2) versus 1.3 (0.5—
4.3), p=0.19] (Table 2 and Figure 1). The sensi-
tivity was 66.7%, and the specificity was 30.3%
when we used a cut-off value of 0.5ng/mL for
procalcitonin. For this cohort, the positive predic-
tive value was 14.5%, while the negative predic-
tive value was 83.5%. There was no difference in
the ECMO day of procalcitonin between the pro-
calcitonin values at time of secondary infection as
compared to time without secondary infection [8
(4-21) wversus 7 (2-20), p=0.49]. Within the
infectious group, there was no difference in
median procalcitonin value in gram-positive
infections [1.09 (0.43-2.70) wversus 0.95 (0.4—
1.29), p=0.35] as compared to gram-negative
infections. Finally, procalcitonin values associ-
ated with bloodstream infections [1.3 (0.45-2.70)
versus 0.55 (0.4-1.38), p=0.35] were no different
from respiratory infections. The procalcitonin
values were no different in those with a secondary
infection who died as compared to those who sur-
vived hospital discharge [0.58 (0.36—2.26) versus
1.04 (0.66-2.02), p=0.34]. There were eight pro-
calcitonin values greater than 25, and none were
associated with a secondary infection.

There were 41 secondary infections with serial
procalcitonin values in the first 10days after
infection. These serial procalcitonin values were
graphed individually (Figure 2) and showed no
reliable decrease in trend following infection
identification. When divided by admitting diag-
nosis and site of infection, there was again no
clear distinction of a site where procalcitonin
reliably decreased after diagnosis (Figure 3). An
analysis of covariance showed no significant
change in procalcitonin value in the 10days
after a secondary infection was identified, except
for lung infections in patients with influenza,
which showed significant increase in the 10 days
after infection (slope estimate: 0.21, p=0.003,
Supplemental Table 2).

Discussion

This single-center study investigated the diag-
nostic utility of procalcitonin as a marker for
identifying secondary infections in patients
receiving ECMO with COVID-19 or influenza.
This study did not find an association between
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Table 2. Procalcitonin valves in cohort based on presence of infection, type of bacterial infection, and location

of infection.
Type of infection Median procalcitonin (IQR) p Value
Secondary infection (N=33) 1(0.40-1.19) 0.19
No secondary infection (N=185) 1.27 (0.47-4.26)
Secondary infections
Gram-positive infections (n=42) 1.09 (0.43-2.70) 0.35
Gram-negative infections (n=41) 0.95(0.4-1.29)
Bloodstream infections (n=55) 1.3 (0.45-2.70) 0.35
Respiratory infections (n=32) 0.55 (0.4-1.38)

ECMO infections and procalcitonin levels, with
a sensitivity of 67% and a specificity of 30%.
Despite the frequent infections in this cohort,
the positive predictive value for identifying a cul-
ture-positive infection with an elevated procalci-
tonin was 14.5%.

The wutility of procalcitonin has been best
described in community-acquired pneumonia,
where its ability to increase with common respira-
tory bacterial pathogens and decrease with appro-
priate antibiotics allows its use both as a marker
of infection as well as a tool to decrease antibiotic
exposure without increasing patient harm.!!
However, patients with critical illness have shown
less utility to serial procalcitonin with sensitivities
below 80% and specificities below 30%.!2 Our
study showed similar sensitivity and specificity
compared to studies of critically ill patients. This
finding may be due to systemic inflammatory
changes associated with critical illness or different
pathogens that cause infections in critically ill
patients compared to community dwellers.13:14

Multiple studies have assessed the utility of proc-
alcitonin in detecting secondary infection in both
influenza and COVID-19, but the results have
been varied and inconclusive. In cases of influ-
enza, studies have linked admission procalcitonin
levels to co-infection with bacterial pneumonia
upon admission.!> However, several studies eval-
uating procalcitonin in patients with COVID-19
have been less effective, with systematic reviews
showing sensitivity of 60% and specificity of 71%
at identifying secondary infections in patients not
receiving ECMO.!® Both studies demonstrate

much better testing performance than this study.
Similar to work with community-acquired pneu-
monia, procalcitonin may have better perfor-
mance characteristics for identifying infections in
community settings for viral illnesses as well.

Primary viral infection in patients on ECMO can
present challenges in detecting infection due to
the unreliable nature of traditional signs such as
fever and temperature. Previous research has
indicated that patients on ECMO experience a
complex inflammatory response similar to sys-
temic inflammatory response syndrome, charac-
terized by elevated levels of proinflammatory
cytokines and leukocyte activation.l” This phe-
nomenon is particularly evident in neonates
receiving ECMO, where both respiratory failure
and the ECMO circuit contribute to neutrophil
and cytokine activation.!8 Consequently, conven-
tional markers used to identify systemic inflam-
matory responses associated with infection cannot
be considered reliable in ECMO patients. Most
of the literature on the use of procalcitonin in
patients receiving ECMO involves studies in
pediatric populations. Early studies have shown
that the kinetics of the assay used for procalci-
tonin are largely unaffected in pediatric patients
receiving ECMO, which provided reassurance of
using this assay for this population.® Further
pediatric studies showed that using a cut-off of
0.5ng/mL provided the best sensitivity (92%)
and specificity (43%) in identifying a secondary
bacterial process.!?

The diagnostic utility of procalcitonin in adult
ECMUO patients is limited to several small studies
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Figure 1. Box and Whisker plot of procalcitonin
values in patients without and with secondary
infections.

in patients receiving ECMO for cardiac support
(veno-arterial ECMO) as opposed to veno-
venous ECMO seen in this study population.
One study of 27 adult patients demonstrated
procalcitonin was useful in identifying infection
in veno-arterial ECMO (sensitivity: 89%, speci-
ficity: 50%).%° In an additional study of 20 adult
patients on veno-arterial ECMO, sensitivities
and specificities of procalcitonin reached as high
as 90% and 82%, respectively. These small stud-
ies provided limited data in selected patient pop-
ulations suggestive of benefit of procalcitonin as
a diagnostic marker in this population.2!
Alternatively, a final small study in veno-arterial
ECMO with 38 patients did not find an associa-
tion between procalcitonin and subsequent
development of infection.?2 It is essential to study
larger cohorts to demonstrate if the high sensitiv-
ity of veno-arterial ECMO and the low sensitivity
of veno-venous ECMO seen in this study are
related to patient factors or ECMO differences
between the two populations.

Previous studies have suggested that the type of
organism causing infection is associated with pro-
calcitonin level.?3:2¢ However, in our study, no
significant association was observed between pro-
calcitonin levels and either the site of infection or
the type of infectious organism. The lack of asso-
ciation with any specific type of infection argues
against a clear physiologic mechanism for moni-
toring procalcitonin values in these patients. This
study demonstrated greater procalcitonin levels
in patients with in-hospital mortality, as reported
in other studies in both ECMO and
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Figure 2. The trend of procalcitonin in patients with
secondary infections.

COVID-19.22:25 Tt is possible that procalcitonin
represents some underlying immune activation
with a poor prognostic significance that may be
confounding the results of this study, and future
work is needed to explore a mechanism leading to
elevated procalcitonin in patients receiving
ECMO. However, the low sensitivity and speci-
ficity reported in this study suggest the need for
further research to explore alternative markers or
diagnostic strategies for identifying secondary
infections in ECMO patients.

One reason procalcitonin is popular is that its
values are thought to be dynamic and show rapid
drops after appropriate infection treatment.2®
However, in our study, there was no decrease in
procalcitonin values in the days after diagnosis
of an infection. Previous work in bloodstream
infections on ECMO has shown that most
patients are only bacteremic for 1day.?” Despite
the implication that patients improve when they
are no longer bacteremic, there is no clear
decrease in procalcitonin level. This discrepancy
may be due to underlying inflammation leading
to falsely elevated procalcitonin levels or related
to the organisms that lead to bloodstream infec-
tions in this cohort having less impact on procal-
citonin levels.

There are several limitations to this single-center
retrospective study. At this ECMO center, there
was no standardized protocol for selecting
patients to collect procalcitonin values; there-
fore, only about a third of infections in this
cohort had an associated procalcitonin value.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

KD Patel, JK Aden et al.

PCT vs. Day of infection

Admission Diagnosis

COVID-19

Procalcitonin (ng/mL)

0 2 4 6 8

10 0

Infection Site

Influenza —Blood

= Lungs
——Urine

2 4 6 8 10

Day of infection

Figure 3. The trend of procalcitonin values in patients with infections at various sites (blood, lungs, urine) over

10days.

Furthermore, some patients had a procalcitonin
value on a day with no cultures and, therefore,
may have been falsely part of the no-infection
group. There was no protocol to start or stop
antimicrobials based on procalcitonin values, and
it is unknown if use of procalcitonin led to more
or less antimicrobial use in this cohort. Another
limitation is the study’s focus solely on patients
with primary respiratory failure due to viral illness
requiring veno-venous extracorporeal membrane
oxygenation, making it less applicable to patients
on veno-arterial extracorporeal membrane oxy-
genation or those receiving veno-venous ECMO
for other indications. ECMO settings were not
collected, and it is possible that changes in ECMO
settings between different patients may have
affected procalcitonin measurements. Finally,
there was no power calculation to calculate sam-
ple size for this study, and thus, it may be under-
powered to find a difference between the infected
and non-infected cohort. These limitations
underscore the need for caution when interpret-
ing the findings and suggest avenues for future
research to address these constraints and broaden
the applicability of the study’s conclusions.

Conclusion

Our study evaluates the utility of procalcitonin in
a large cohort of patients receiving veno-venous
ECMO for COVID-19 or influenza and found
low sensitivity and specificity for this test at iden-
tifying nosocomial infections. Procalcitonin alone
does not have the specificity to rule in or the sen-
sitivity to rule out secondary infections, and its
use for diagnostic decision-making in this patient
population is limited. In patients with severe viral
acute respiratory syndrome requiring ECMO,
there is a great need for better diagnostics to
determine patients with potential secondary
infections.
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