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of activation o

immunity, high PCT levels affect clinical diagnosis, can be trended as a measure of “source” control, and can

The interpretation of serum procalcitonin (PCT) levels in septic patients is facilitated by reviewing the known stimuli that activate
the PCT family of ienes. Herein we describe that, alone or in combination, can_. As a marker

guide duration of antibacterial therapy in septic patients.

levels reflect

of an

immune response,

influence the differential diagnosis, and support the discontinuation of empiric antibiotic therapy. Understanding the pathways that
result in elevated serum PCT levels is necessary for interpretation and subsequent clinical management.

Keywords.  Procalcitonin; shock; sepsis.

Procalcitonin was first reported as a of calci-
tonin in [1]. In 1991, PCT production by medullary carci-
noma of the thyroid was described [2]. Elevated
burn patients with

first article to suggest that PCT levels might

levels in
[3]. The

was reported in

infection was published in

from

PCT elevation after in human volunteers

was reported in 1994 [5], and due to-
ﬁin a4-year-old in 1995 [6]. Also in 1995, it was
reported that PCT levels with the of illness in

43 patients with melioidosis [7]. In 1996, there were 4 relevant
publications, the first reporting that sequential PCT levels can

guide resolution of pneumonia and, hence, treatment duration
[8] and the second that di
[9]. The third report concerned

a prospective study of 337 adults who were admitted with sys-
temic inflammatory response syndrome. In patients with mi-

ically documented infection, PCT levels were ng/

levels [10]. Finally, in the fourth study, PCT was used success-

crobiolo

mL, and

fully as a marker of bacterial infections [11].
Since 1996, the role of PCT levels in

atient management has
rogressively increased. There are now
The role of PCT in management of intensive

care unit patients was summarized in The current
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article describes the recognized pathways to an elevated PCT to
facilitate interpretation of both elevated and nonelevated levels.

PCT BIOLOGY

Procalcitonin is the

rotein for the.

calcium regulating Calcitonin

is produced by the thyroid gland C cells in response to eleva-

tion in serum calcium concentrations. In contrast,

and, in the absence

of proper stimulus, PCT is constitutivel

levels [13,14].Ina

roduced at very low
coli peritonitis,

(tumor necrosis factor and

) and the.

interleukin 6 [IL
(IL [5].
In

inflammatory interleukin 10

to stimulation by

exposure of tissue or organs to onl
st g 1], 1

fat cells were shown to produce PCT when incubated with

interleukin 14;
by the presence of

interferon [16, 17]. Hence,

The ability of

levels to

in studies of ia-

- and other
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production.

levels by either of I
exposure of patient tissue to- cell

wall constituents in the absence of proinflammatory cytokines
or (2) host cell exposure and response to the

Extracellular

pneumoniae [19]). A summary of microorganisms that do, or
do not, increase serum PCT levels is provided in the 2017 re-

infections. levels are

levels in most

levels remain . in

nodosa,

responses are suppressed.
diseases. In contrast,

gout, pseudogout,

arthritis,
and temporal arteritis [31, 32].

IS ELEVATED PCT |GOOD OR BAD?

There is no definitive answer. There is

In vitro,
cytokines by leukocytes [26]. In contrast, in
peritonitis, exogenous

the production o

versus placebo
rates in the PCT-dosed animals. In separate experiments, PCT
antisera reduced mortality rates in the animals with peritonitis.

In sum, the the

acute
sion [26].

INTERPRETING ELEVATED SERUM PCT LEVELS IN
PATIENTS IN SHOCK

Invasion of the host by and other microbes directly ac-

[15].

r with phagocytic cells re-

stimulus for elevating serum levels.

levels are documented in patients with all varieties
of cardiogenid shock [33)],

tivates PCT transcription in
Furthermore, contact of the invade
sults in release of

and posttraumatic with [36]. To inter-

ret an elevated PCT level, it is helpful to consider the
T
or seitic shock. Theﬁare pathways to

Influence o-n Serum PCT Levels

In volunteers with normal renal function who are injected with

endotoxin, PCT levels at.hours and then

[5]. Patients

stimulate PCT production [37].

In one well-controlled study, PCT levels were measured be-
3 times weekly in pa-
tients [38]. The mean level (standard deviation) dialysis
was-(0.08 +0.90) before versus (0.03 + 1.41) after dial-
sis [38]. but

fore and after

removes

For clinical cutoffs, it is prudent to obtain PCT levels just before
starting a hemodialysis session or any time if patients are critically
ill and receiving continuous venous-venous hemodialysis. In septic

atients with end-stage renal disease,
-) are not due to insufficiency and

possibility of active infection.

Tumors
-of the C cells of the thyroid (medul-

lary carcinoma), lung, or pancreas can secrete and elevate

serum PCT levels into the in the absence of fever or

other evidence of an inflammatory response [13, 40].

agocytosis;

Paraneoplastic

tissue invasion

release

Figure 1. Major
“Abbreviations: CrCl, creatinine clearance; mtDNA,
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Procalcitonin Management of Infected ICU Patients

Table 4
Summary of microorganisms, clinical syndromes, neoplasms, and drugs that DO or DO NOT
increase serum levels of procalcitonin (PCT)

DO Increase Serum PCT to 20.25 ng/mL DO NOT Increase Serum PCT to 20.25 ng/mL
Microorganisms
Bacteria: Bacteria:
o Alone or with viral coinfection®'>® e Chlamydia species®®
e Gram-positive and gram-negative e Mycoplasma pneumoniae®®
pathogens e Mycobacteria species®*’-%®
o Legionella species''®1"? o Lyme borreliosis'>’
e Mycobacteria species®*’-%% Fungi'?2-124;
e Scrub typhus®® o Aspergillosis
Bacterial toxin-mediated inflammation: e Coccidioidomycosis'??
o Clostridium difficile toxin'%° e Mucormycosis'?*
o Toxic shock syndrome toxins®? Viruses: Virtually all, so far
Fungi: Candida species'??
Parasites: Plasmodium species (malaria)'?’
Viruses: None, so far
Clinical Syndromes
Bacterial: Viral: respiratory tract infections®'>"”
o Aspiration pneumonia'?>~1%’ e Meningitis®°-3?
o Bacterial meningitis®°-3? Abscess, chronic: for example, empyema3®
o Bacterial pancreatitis®®1%° Gout, pseudogout'%®
o Bacterial peritonitis'3? Inflammatory bowel disease'®'~%3
e Bacterial pneumonia’-%">17 Rheumatic diseases'%+1%%;
o Bacterial septic shock'3® e Behcet syndrome
e Febrile neutropenia®*'28 e Polyarteritis nodosa
e Mushroom poisoning'*° e Rheumatoid arthritis
e Pyelonephritis'?® e Systemic lupus erythematosus
e Renal insufficiency*>4¢ o Still disease
o Septic arthritis'%%10° e Temporal arteritis
o Shock>*6%117.133; anaphylactic, bacteremic, e Wegener granulomatosis
cardiogenic, toxic shock syndrome, adrenal
insufficiency, hemorrhagic, obstructive
e Thermal injury, burns'3
e Trauma: crush injury (case reports)'*
Neoplasms
Medullary thyroid cancer?® 1011 roan
Lymphomas
Pancreas
Renal cell
Sarcomas
Drugs47,48,'\ 14-116
Alemtuzumab (CD52 antibody) Most have no effect unless influence innate
Granulocyte transfusions immune inflammatory response
Interleukin-2 NOTE: glucocorticoids do not impede a PCT
Rituximab (anti-CD20 antibody) response’ !

T-cell antibodies

)

Reports of Mycobacterial infections either increasing or decreasing serum levels of PCT.
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Bacteremic/Shock and PCT

Microbial cell wall constituents (.and peptidoglycan) and/
or stimulate production olﬁby vir-

tually organs, and cell types. In addition, the host

inflammatory response generates

gram
levels are

42]; (3) the|peak PCT level
tion; the PCT peak with
than that in
nitis [43]; and (4) as described below, comorbid conditions may
stimulate additional PCT production by different pathogenic
pathways and can reflect multiple concomitant causes of shock

perforated appendicitis with perito-

(eg, septic shock plus cardiogenic shock).

Tronsocaton o Gt Bacteria
Patients with end-stage hepatic cirrhosis are often admitted
for gastrointestinal bleeding and/or encephalopathy. The pa-
tients may be afebrile but hypotensive. Assume no evidence of
infected ascites and that renal function is adequate and hemo-
globin levels are stable. Why is the patient hypotensive? There
is mounting evidence that translocation of gut bacteria needs
consideration [37, 44-46].

With cirrhosis and portal venous hypertension, gastrointestinal
mucosal defense mechanisms break down, allowing enteric flora
to penetrate into the submucosa, mesenteric lymph nodes and/or
portal venous blood. Systemic venous blood cultures are rarel

levels in patients with

[34]. Despite the complexities, PCT levels in
septic shock patients can help management. Elevated PCT

levels do clarify whether the patient has

rather than However, PCT levels

, because as the reported
[50-53].

levels reflect success, or failure,

the process (eg, congestive heart failure) that is

[54-56]. Finally, sequential PCT levels

can customize the
guideline is to treat until the PCT level
its (if known) or until the PCT level is

suming [57, 58].

induce an

believed due to evolutionary history [59,
evolved from -h that be-

came endosymbionts and eventually mitochondria. The DNA

of mitochondria reflect their prokaryotic origin by the pres-
ence of CpG DNA repeats. When*

(mtDNA) is released into the circulation. Owing to
prokaryotes, the
to include IL-1, TNE and other
stimulate the production of PCT [59].
Release of mtDNA in response to myocardial infection,

severe
induces an

[61, 62]. Alternatively,

and the released

infections
induces and/or augments Hypoxia
of mitochondria can complicate all types of shock, septic and

nonseptic, with a subsequently cytokine-mediated inflamma-

tory response [63]. Studies in the critically ill report a-
_[63—65].

and

The production of - by medullary thyroid,

lung, and pancreatic neuroendocrine tumors was mentioned

above [2, 13, 40]. In addition, select tumors (eg, some

serum levels (also called
. This syndrome is typified by
phagocytosis of histologic red blood cells by macrophages,
highly elevated serum
granulocyte colony-stimulating factor,
erum levels [66-68].
of cancer activates T cells,

levels. and
and other

Advances in the
which in turn leads to immune-related adverse events. Both
and
can attack nonneoplastic
and as-
sociated synthesis of [69, 70]. Alemtuzumab (CD20 an-
tibody), interleukin 2, rituximab (CD20 antibody), and other
immunomodulator drugs are also associated with high PCT

cells with stimulation of

levels [12]. In contrast, some neoplasms known for their asso-
ciation with fever, night sweats, and weight loss (eg, lymphoma,
iancreatic cancer, renal cell carcinoma, and sarcoma) are only

associated with elevation of serum levels.

Mixed Stimuli

Critically ill patients often have concomitant stimuli that pro-
mote transcription of the PCT genes. Consider hypotensive
cirrhotic patients with severe portal hypertension, renal insuf-
ficiency, evidence of myocardial injury, and new pulmonary
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infiltrates. There are

and we have

In contrast, if, despite comorbid conditions, hypotensive
gL, there is « EESUEHARER

as a cause of the low blood pres-

sure [12].

USE OF SERUM PCT LEVELS IN SEPTIC PATIENTS

Despite the many variables that can influence serum PCT levels,
PCT levels can assist in the management of patients with septic
shock.

indicates

elevation in a patient

of the patient’s

[12, 18-25]. A ¢
hence, a value of 0.25 ng/mL
dicate a PCT ;eve;. This explains the suggestion to

-measurement aftei before considering discon-
tinuation of empiric antibacterial therapy. Collected case series

document the safety of this approach, with the added benefit of
fewer antibiotic-associated adverse events [57, 58, 73-77].

The role of PCT levels in patients with hemodynamic shock
neumonia is changing.

of the
of patients [21-

and severe community-acquired

In earlier studies, the
acquired
23]. Elevated
markers of bacterial invasion. The statistical

was identified in

levels were extensively evaluated as surrogate

Potential

using rapid molecular
reaction diagnosis [24]. The emerging role of is not as a

surrogate for detection but as an

tected potential viral and bacterial pathogens [23-25].
There ar-for-in patients with

septic shock due to proved, or clinically probable, bacterial in-

in the adjudication of de-

fection. levels help document
54-56]. Second, as noted

can be individual-

above, the

measurement of’

possible are suggested for cessation of anti-

bacterial thera CT levels or a

(54, 55, 57, 58].

AREAS FOR ADDITIONAL STUDY

Several facets of PCT are in need of additional study. First,

we need similar studies wit

Second, it is

bacteria
in septic patients. Should placebo-controlled antibiotic
trials be conducted in patients with evidence of chronic trans-
location of gut bacteria? Next, serum levels can be
and subsequent elevated

levels are needed in

order to levels in patients with
> and i invasive
It is likely that rapid pol-

ymerase chain reaction pathogen detection panels with PCT

studies will

serum levels and host gene expression dosage [78].

CONCLUSIONS

The following questions should be asked when interpretin
serum PCT levels in septic patients. First

Second, is the patient’s enough (creatinine
clearanc mL/min) to contribute to the patient’s elevated
serum PCT level? Third, is the patient a

owing to concomitant hepatic

If avail-

level? Fourth, does the patient
1 s mDNA

Fifth, if the patient has
strikingly elevated PCT levels and no clinical evidence of in-
And,
finally, has the patient received for

stage 4 or arterial

able, what is the serum

have enough
and induce an

flammation, does he or she have a

serum level?

cancer, transilantation, or connective tissue disease that would

explain the
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