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Abstract

In the respiratory system, bronchoscopy is a basic procedure utilized for both diagnostic and
therapeutic purposes. Despite being a generally safe procedure, bronchoscopy can result in
complications that range in severity from moderate to severe. Pulmonary infection is among the
potential complications that can happen after a bronchoscopy procedure. An incidence of 0.2%
to 5.2% has been described typically for complications such as empyema, lung abscess, and
pneumonia that may develop after bronchoscopy procedures. Although these complications are
uncommon, their prognosis can be quite bad. The risk of pulmonary infection, specifically
pneumonia, has been related in several studies to sepsis and mortality in patients enduring
bronchoscopy procedures. The initiation of the infection exposure process into the lung can be
assisted through a variety of factors, including the underlying diagnosis and the type of intervention
performed during the bronchoscopy procedure. A critical complication that needs additional
consideration is the potential transmission of infection through bronchoscopy procedures. It is
beneficial to consider prophylactic antibiotics before a procedure due to the possibility that infectious
agents will be transferred from one patient to another. Antibiotic prophylaxis may involve the
utilization of C-reactive protein (CRP) and Procalcitonin (PCT) testing as determining parameters.
Serial PCT and CRP 24-96 hours post-bronchoscopy procedure might help to determine one of the
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INTRODUCTION

Bronchoscopy is an intervention in medicine
that provides tracheobronchial visualization by
placing optical instruments into the airway.
Bronchoscopy is a relatively safe procedure with a
morbidity rate of 2.5% and a mortality rate smaller
than 0.05%.

interventional procedure used in the diagnosis and

Bronchoscopy is a significant
staging of cancer patients and plays a role in
interstitial and infectious diseases. Based on the
shape and nature of the instrument, there are two
types of bronchoscopies: rigid bronchoscopy and
flexible fiberoptic bronchoscopy (FOB)/ flexible
bronchoscopy.!
Generally, an experienced bronchoscopy
operative conducts rigid bronchoscopy under general
anesthesia in the operating room. If rigid
bronchoscopy is considered beneficial or when all
other alternatives are exhausted, it ought to be

executed. In the emergency room, endoscopy sulite,
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operating theatre, or intensive care unit, flexible
bronchoscopy may be performed. The auxiliary
equipment on the flexible bronchoscope is superior
and its working channel is more expansive. The
method of identifying FOB is dependent upon the
patient's clinical condition, the size and location of the
lesion, and the presence of metastases.?

The impact of various bronchoscopy
procedures, including but not limited to forceps
biopsy, endobronchial needle aspiration, bronchial
brushing, and bronchial washing, and the
combination of these procedures, on the secretion of
inflammatory mediators remains inadequately
investigated. The bronchoscopic examination may
also serve as an entry point for an infection to reach
the body.3

Identifying between infections rapidly and
accurately requires the utilization of suspected
clinical observations and analysis of inflammatory
biomarkers. Antibiotics administered early in the

progression of infectious diseases can decrease both
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mortality and morbidity. By conducting a thorough
analysis of inflammatory biomarkers, the incidence of
antibiotic resistance can be reduced due to the
decreased inappropriate use of antibiotics.*

The acute phase response induced by
bronchoscopy becomes measurable for 24 hours
following the procedure. Acute phase response can
be identified by an increase in fibrinogen in 25%,
neutrophils in 50%, and C-reactive protein (CRP) by
more than 7-fold. Furthermore, there will be a 25%
increase in  serum  ferritin  concentrations,
accompanied by a decrease in total iron binding

capacity, transferrin saturation, and serum iron levels.

It indicates that the homeostatic dysregulation
between iron and interleukin 8 (IL-8) remains
unchanged.®

Acute phase response is a syndrome
characterized by systemic metabolic and
neuroendocrine alterations in addition to an acute
inflammatory response. Alterations in hepatic
synthesis of several plasma acute phase proteins,
fever, sleep, the release of adrenocorticotropin and
cortisol, and the activation of B-cells and T-cells are
all potential modifications.>

It is thought that the acute phase response is
an adaptive mechanism that enables an increase in
inflammation, eventually leading to optimal healing.
Several studies show that febrile events transpire in
approximately 48% of cases following bronchoscopy.
Fever is characterized by increased levels of CRP,
procalcitonin (PCT), and neutrophils in the patient.
Fever attributed to an infection contributed to 2.56%
of cases reported after bronchoscopy with
bronchoalveolar lavage (BAL), while the prevalence
of fever following bronchoscopy with BAL was
5.12%.3-5

Procalcitonin shows a sensitivity of 81% and a

specificity of 84% when measured at a 0.5 ng/ml level.

PCT and IL-8 levels can be used as biomarkers to
determine antibiotic therapy before the availability of
culture results, according to the study's findings. PCT
and proinflammatory cytokines should be measured
24 hours after a bronchoscopy with BAL.3-5

Wang et al recommended that to predict
endobronchial biopsy (EBB)-induced hemorrhage in
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patients with lung cancer, a CRP test be performed
before BSOL. This study found that the CRP levels of
the bleeding group were substantially higher than
those of the non-bleeding group. According to the
study's findings, one of the pathways for
microorganism invasion is through intervention-
induced bleeding during bronchoscopy; this could
lead to inflammation and infection in the airway
leading to lung parenchyma. With a specificity of
31.2% and a sensitivity of 94.04%, the CRP threshold
value is 1.15 mg/L. This value determines whether a
biopsy is undertaken and how the bleeding is
managed throughout EBB.®

There is a correlation between an excessive
systemic inflammatory response following FOB and
increased morbidity and mortality. These figures
typically apply to bronchoscopies conducted on
adults without sedation; thus, moderate sedation is
needed. Deep sedation can accelerate the onset of
fever following a bronchoscopy.” The evaluation of
CRP and PCT levels may be incorporated into the
risk assessment for complications
after bronchoscopy. Differences in CRP and PCT
levels may occur 24 hours after bronchoscopy,
according to some studies.>’

Therefore, clinical evaluation of CRP and PCT
levels is extremely beneficial in the 24—96 hours after
the bronchoscopy period so that prophylactic therapy
can be optimized. Complications post-FOB require
further treatment.5 Bronchoscopy-related
complications include hypoxemia (0.7-76.3%),
hemoptysis (2.5-9%), and fever (2.3-33%).
Pneumonia incidence following bronchoscopy varies
among 0.02-6.3%.8° Shimizu et al found that 3.0% of
bronchoscopies were associated without death or
non-disabling infectious complications.?

CRP and PCT measurements are used as
screening  instruments  during  bronchoscopy
procedures to anticipate the development of
infectious complications following the procedure,
given the prior situation. As the potential for an
increase in inflammatory biomarkers is important, it
is anticipated that this review article will serve as a
resource for preventing severe complications
following bronchoscopy.
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STRUCTURE AND MECHANISM OF C-REACTIVE
PROTEIN

In 1930, Tillett and Francis first identified the
CRP test. The term CRP was derived from the finding
that it initially reacted with the carbohydrate "C"
antigen of the pneumococcal capsule in the serum of
patients exhibiting acute inflammation. CRP is a
tissue damage-sensitive, nonspecific inflammatory
mediator that is susceptible to bacterial infection.
Minimal quantities of CRP (1 mg/L) are detected in
normal serum as an acute-phase protein. Increases
100-fold in CRP levels may result from inflammatory
responses or tissue injury induced by infectious or
non-infectious diseases. Tumor necrotic factors —
(TNF)-a, IL-6 and TNF-a are cytokines that stimulate
CRP production.!

CRP is rapidly synthesized in the liver in
response to a mild trigger; the serum concentration
approaches 5 mg/L within 6—8 hours, and peaks
between 24-48 hours later. With a 19-hour half-life in
plasma, the substance remains detectable in both
healthy and diseased individuals. The measurement
of CRP levels in the bloodstream via the calculation
of IL-6 synthesis provides a direct indication of the
pathological mechanism responsible for CRP
production. After the inflammatory process or tissue
injury has been resolved, CRP levels will decrease
significantly and return to normal within 24—48 hours.
Plasma levels of CRP will stabilize and remain
unaffected by diurnal variations. Blood CRP
concentrations can only be regulated through the
synthesis process, as the clearance rate remains
constant.11-13

Opsonin activity against microbes, parasites,
and immune complexes is the function of CRP. CRP
measurement in a serial pattern can be utilized to
diagnose infection, measure response to therapy,
and detect recurrent cases early. CRP is an indicator
of the severity of systemic inflammation and is mainly
produced in the liver in response to inflammation.
After a variety of conditions, including injuries,
infections, neoplasms, arthritis, acute trauma,
infarction, and surgery, the acute phase response is
observed. It has been shown that acute phase
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responses can be induced by normal physiological
processes, including pregnancy and exercise.4

CRP elevations are classified as a marker of
acute inflammation although they are recognized as
a nonspecific occurrence during acute inflammation
and likely malignant processes. However, an
increasing amount of studies are beginning to
suggest that it may also have an important role in
chronic inflammation.?

The sensitivity and specificity of CRP levels are
greater than those of the absolute total lymphocyte
ratio and total neutrophil cell. As an inadequate
protective mechanism against microbial invasion or
trauma, inflammation damages tissues and destroys
or restricts the presence of hazardous substances.
Although inflammation is required to defend the body
against numerous threats that upset equilibrium, it
can also repair structural damage and impaired tissue
function.13.14

Figure 1. Structure of C-Reactive Protein®3

As shown in Figure 1, the homopentametric
calcium-binding protein structure of CRP, also
referred to as native CRP (nCRP) or pentamer CRP
(pCRP), irreversibly dissociates at the site of
inflammation into monomer CRP (mCRP). nCRP and
MCRP are two isoforms of CRP that differ in that
NCRP generally exhibits greater anti-inflammatory
activity than mCRP. As shown in Figure 2, the nCRP
isoform stimulates phagocytosis, prompts apoptosis,
and activates the classical complement pathway.'1-14
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Figure 2: Role of CRP in the Inflammatory Process!?

In addition to liver cells (hepatocytes), CRP is
synthesized at various sites, including macrophages,
smooth muscle cells, endothelial cells, lymphocytes,
and adipose cells. Hepatocytes generate the nCRP
isoform as an acute phase reaction in reaction to
various stimuli, including infection,
immunomodulators, and tissue injury. Monomeric
form: derived from the dissociated CRP pentamer;
extrahepatic cells, including adipose tissue,
macrophages, and blood vessel smooth muscle, may
also produce monomeric form. By enabling
chemotaxis and directing leukocytes to the site of
inflammation, the mCRP isoform prevents apoptosis.
By inhibiting and inducing Nitric Oxide (NO)
production, respectively, the nCRP and mCRP
isoforms downregulate and upregulate Endothelial
Nitric Oxide Synthase (eNOS).15

STRUCTURE AND MECHANISM OF

PROCALCITONIN

The study conducted in 1993 identified
elevated levels of PCT prohormones in nhumerous
cases of Systemic Inflammatory Response
Syndrome (SIRS), including burns, pancreatitis,
pneumonia, extensive surgery, multi-trauma, and
certain non-bacterial infections such as malaria,

along with all sepsis patients. From ten to hundreds
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and tens to thousands of times, these levels increase.
As a prohormone, calcitonin PCT contains limited
hormonal activity.16

In response to hypercalcemia or patients with
medullary thyroid cancer, the hormone calcitonin
develops in the C cells of the thyroid gland, lung, and
neuroendocrine cells. Calcitonin is a component of
the prohormone PCT, which consists of 116 amino
acids and contains 33 amino acids. The CALC-1
gene produces the 116-amino acid polypeptide

procalcitonin.t’
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Figure 3. Structure of Procalcitonin®®

Samples of blood from healthy individuals
contain intact  PCT, calcitonin, NProCT
(aminoprocalcitonin), CCP-1  (21-amino  acid
carboxyterminus peptide), katacalcin, and CT C-
terminal peptide (CCP)-1 attached to calcitonin. PCT
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consists of Calcitonin (CT), CCP-1, and an N-terminal
peptide (N-ProCT) that is situated in its central region.
The blood levels of intact circulating PCT in healthy
individuals with N-PCT, CT, and CCP-1 components
are low. The configuration of PCT is illustrated in
Figure 3. Specific proteases convert PCT to CT,
which is subsequently secreted in small amounts into
the blood vessels. Normal individuals have plasma
PCT concentrations below 0.05 ng/mL. In the
presence of sepsis and severe bacterial infections,
that number can multiply by a factor of 10,000.18-20

Sepsis and severe Dbacterial systemic
infections are both critical diagnostic indicators that
PCT can recognize. Proinflammatory cytokines
produced by bacterial products, such as lipotoxic
acids emanating from gram-positive bacteria,
endotoxins (LPS/Lipopolysaccharides) derived from
the cell wall of gram-negative bacteria, and various
components of necrotizing cells and microorganisms,
stimulate PCT production.®

The sources of these substances could be
endogenous migration of bacterial toxins or external
infection. The stimulation of different toll-like receptor
(TLR) pathways by Gram-positive and Gram-
negative bacteria and fungi results in the generation
of unique pro-inflammatory cytokines, that eventually
stimulate the production of PCT. Consequently, it is
foreseeable that distinct pathogens could cause
various levels of PCT production.20.21

The lack of a combination test for specific
inflammatory biomarkers raises the likelihood of
erroneous infection diagnosis, potentially leading to
excessive antibiotic usage, delayed treatment, or
unfavorable consequences.?122

Procalcitonin has a significance level of 0.5
mcg/L for severe infection and 0.25 mcg/L for
moderate mild infection. This may be taken into
account as a result of the considerable Negative
Predictive Value (NPV) of PCT and the high
sensitivity of CRP and PCT. PCT levels decline once
bacterial infection is under control; it serves as an
indicator of disease resolution. The addition of PCT
to the comprehensive evaluation may serve as an
addition to clinical and microbiological parameters.?3
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MECHANISMS FOR INCREASED C-REACTIVE
PROTEIN AND PROCALCITONIN

Fever indicates systemic inflammation caused
by non-infectious etiologies or bacterial, viral, or
parasitic infections.2* Additionally, malignancy could
contribute to fever. Based on their expertise,
interviewing skills, and comprehensive physical
examination, as well as the application of appropriate
diagnostic tools such as microbiology and imaging
tests, the clinician ought to possess the capacity to
discern between febrile illnesses that are infectious
and those that are not. In addition to the patient's
initial symptoms and indications, biological markers
can assist the clinician in determining the most
suitable course of treatment. Additionally, targeted
biomarkers enable the initiation of efficacious
treatment.?4.25
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Figure 4. Description of Inflammation Induction and Release of
Acute Phase Response Proteins?

After encountering the human body, bacteria
secrete proinflammatory cytokines into the blood
vessels, including IL-1 and IL-6, in reaction to the
Pathogen Associated Molecular Pattern (PAMP).
Inflammation and damage to tissues Damage-
Associated Molecular Pattern (DAMP) secreted by
damaged tissue cells stimulate the production and
release of IL-1 and IL-6 by immune cells through Toll-
Like Receptor (TLR) signaling. It has been shown that
these two cytokines trigger fever by connecting to IL-
1 and IL-6 receptors, respectively, located on
endothelial cells within the brain, with a particular
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emphasis on the hypothalamus. Interleukin-1
stimulates CRP production in the liver by inducing IL-
6 synthesis, which includes hepatocytes and
macrophages (Kupffer cells) in the liver. The following
can be seen in Figure 4.2t Macrophages and dendritic
cells are among the antigen-presenting cells (APC)
that are capable of identifying PAMP that are
secreted into blood vessels following bacterial
infection.?6

Simultaneously, tissue injury or infection can
induce inflammation via NETosis, which induces the
discharge of DAMP. Several pattern recognition
receptors (PRR) regulate the production of
proinflammatory cytokines IL-1 and IL-6 through their
recognition of DAMP and PAMP. Proliferating
cytokines bind to specialized brain endothelium
regions, which in turn produce prostaglandin E2
(PGE2), the principal mediator responsible for
inducing fever. PCT production is stimulated by
proinflammatory cytokines produced by bacterial
products, such as endotoxins
(LPS/lipopolysaccharides) produced by the cell wall
of Gram-negative bacteria, lipotoxic acids from Gram-
positive bacteria, and various microorganism
components and necrotizing cells.25:26

ROLE OF BIOLOGICAL MARKERS OF
INFLAMMATION AFTER BRONCHOSCOPY

It has been reported that FOB with BAL can
induce systemic inflammatory responses in both
healthy volunteers and patients.3* Fever is a
common clinical manifestation observed in both
pediatric and adult patients affected with diverse
conditions. Patients who develop a fever following
FOB need to have additional testing to determine the
specific cause of the fever.?”

Although intensive, blood or sputum culture is
the gold standard for identifying systemic bacterial
infections. Alternative rapid predictive parameters
that utilize inflammatory biomarkers such as CRP and
PCT are widespread.® Both CRP and PCT are
accurate indicators for determining if antibiotic
treatment is necessary.32® During bacterial illness

J Respir Indo Vol. 44 No. 2 April 2024

and non-infectious inflammation, the levels of CRP
and PCT increase.?0:23

Infections and inflammation can be detected
early on in fever individuals using biomarkers such as
CRP and PCT. These indicators are sensitive and
specific and therefore could be useful for disease
monitoring.2° Hackner et al additionally suggested
that damage to tissues triggers inflammatory
reactions in the body as a whole and in particular
regions. After this study was over, the different
bronchoscopy methods that increase the risk of
developing after bronchoscopy fever have been
looked into.3

Pathogens could get in if the epithelium isn't
strong enough. The treatments that were significantly
related to fever (66.7%) were the process of the
airways with forceps and argon plasma coagulation.
Before and after the bronchoscopy, other procedures
such as bronchial brushing and washing, hemoptysis
management, balloon dilatation, airway inspection,
lung volume reduction with valves, or various
combinations of these procedures did not show any
benefit.3

Early detection of individuals who need
antibiotic treatment can be useful for their wellness.
It's important to have biological markers and
microbiological results in the lab for fever after a
bronchoscopy. The fever people have higher levels
of CRP, PCT, and neutrophils after the bronchoscopy
operation. Finding out the PCT degree the day after
a bronchoscopy can help with considering which
antibiotics to apply. Fever after bronchoscopy
occurred in 14% of the people that were studied, and
in 25% of those cases, positive bacterial culture
results in bronchial fluid or blood showed it.28 PCT
has been suggested to be an important early
detection tool for infections because it is more
specific and has a higher NPV than CRP.20:2

A study by Farrokhpour et al investigated
inflammatory biomarkers such as changes in
bloodstream PCT degrees and other inflammatory
cytokines after bronchoscopy with BAL procedures. It
found that 5.12% of individuals had a fever after FOB.
The percentage of positive culture results in serum
culture was 2.56%, and the percentage of fever that
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lacked a specific cause was also 2.56%. PCT, IL-8,
and IL-6 levels increased significantly in individuals
who had fevers.*

PCT concentrations above 0.5 ng/ml exhibit a
sensitivity of 81% and a specificity of 84%. It is in
contrast to the findings of Huang et al, that found no
significant increase in IL-8 levels among healthy
volunteers following bronchoscopy. The contradiction
is caused by variations within the study population.
The amount of 28 healthy individuals participated in
the study to examine the natural consequences of
bronchoscopy with BAL.5

Bronchoscopy with EBB is recommended for
patients with lung cancer to determine the
histopathologic diagnosis. For bleeding
complications during bronchoscopy, several risk
factors have been identified: thrombocytopenia,
anticoagulant or antiplatelet therapy,
immunosuppressed conditions, severe hepatic and
renal impairment, mechanical ventilation practice,
pulmonary arterial hypertension, and tendencies for
bleeding. A large proportion of patients undergoing
EBB procedures, on the other present, had no
identified risk factors for hemorrhage associated with
FOB. As aresult, biological marker recommendations
for predicting EBB-induced hemorrhage are
necessary.b

Wang et al present additional evidence that
elevated serum CRP levels before treatment are an
independent risk factor for hemorrhage during EBB in
patients with lung cancer. The CRP degrees in the
bleeding group were found to be substantially higher
in this study than those in the non-bleeding group.
The CRP threshold value in the hemorrhage
subgroup was 1.15 mg/L, and the Area Under Curve
(AUC) of CRP was 0.692. Sensitivity was 94.04
percent, specificity was 31.2%, NPV value was
89.5%, and positive predictive value (PPV) was
89.5% \ for the CRP value. The clinician can use this
to determine which biopsy to conduct and the most
effective way to manage bleeding during EBB with
the support of these parameters.®

Lee et al did a retrospective study to
concurrently measure CRP, PCT, and IL-6 degrees
in patients affected with bacterial infections. IL-6
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increased first among patients with bacteremia,
followed by PCT and CRP. It is imperative to promptly
and accurately identify infections by finding
suspicious clinical manifestations and analyzing
relevant inflammatory biomarkers that contain clinical
importance. Long-term kinetic profiles of patients with
early infection or bacteremia derived from massive
study databases show that IL-6 and PCT or CRP
experience a significant increase in value within the
first 24 hours, accordingly- 2425

These findings additionally support the view
that rapid IL-6 testing following hospitalization could
be beneficial. In patients with a 30-day mortality rate,
chronic elevation of IL-6 signifies a continuous
inflammatory condition that helps in the evaluation of
an unfavorable prognosis. Patients with an
unfavorable prognosis continue to as their CRP levels
rise, whereas those without mortality have stable
CRP levels. Given the time spent between the
patient's clinical presentation and the initial test, it is
imperative to exercise caution when analyzing these
data.2425

A more specific assessment of the presence
and severity of inflammation or infection at the time of
examination may be compromised by the variation in
the kinetic properties of inflammatory markers after
the initiation of pathophysiologic alterations (Figure 5).

o ahus baNanmssss sisiiee

Figure 5. Timing of Inflammatory Biological Markers after
Pathogen Exposure 28
For the accurate and timely assessment of the
status of inflammation or infection, it is more
beneficial to measure multiple inflammatory markers
concurrently.?* The comparison of CRP measured
only once in a special circumstance (e.g., to
distinguish acute bacterial and viral infections and
myocardial infarction) with periodic examination of

J Respir Indo Vol. 44 No. 2 April 2024
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CRP may provide a more accurate prognosis of the
inflammatory process through the inclusion of
dynamic changes.?3:25-27.29

CONCLUSION

Fever is a clinical manifestation that may be
evaluated as a defense mechanism of the body in
response to the possibility of infectious complications
following bronchoscopy procedures. The reason for
considering the most effective prophylactic antibiotic
regimen before bronchoscopy procedures is the risk
of sepsis from pneumonia caused by viral or bacterial
contamination during bronchoscopy. However, this,
including the use of antibiotics that may result in
antibiotic resistance, remains a subject of debate.
Conversely, the process of evaluating culture test
outcomes is both costly and time-consuming.

Several studies showed that CRP and PCT
levels increase, fever or not, following bronchoscopic
procedures. The elevation
cytokines signifies the presence of an infectious and

in proinflammatory

inflammatory response after the bronchoscopy
procedure. Based on this analysis, PCT and CRP
measurement may be suggested as an alternative
post-bronchoscopy examination. It is advisable to
analyze these inflammatory biomarkers 24 hours
following the bronchoscopy procedure to enhance
the targeting and efficacy of prophylactic antibiotic
administration. Serial PCT and CRP 24-96 hours
post—bronchoscopic procedure

determine one of post—bronchoscopic complications.

might help to

REFERENCES

1. Perhimpunan Dokter Paru Indonesia. Buku ajar
pulmonologi dan kedokteran respirasi. 1st ed.
Rasmin M, Jusuf A, Amin M, Taufik, Nawas MA,
Ngurah Rai IB, et al., editors. Jakarta: Ul Press;
2017. 401-420 p.

2. Lim JH, Kim MJ, Jeon SH, Park MH, Kim WY,
Lee M, et al. The optimal sequence of bronchial
brushing and washing for diagnosing peripheral
lung cancer using non-guided flexible

bronchoscopy. Scientific Reports 2020 10:1.

2020;10(1):1-7.

J Respir Indo Vol. 44 No. 2 April 2024

3.

10.

11.

12.

13.

Hackner K, Riegler W, Handzhiev S, Bauer R,

Veres J, Speiser M, et al. Fever after
bronchoscopy: Serum procalcitonin  enables
early diagnosis of post-interventional bacterial
infection. BMC Pulm Med. 2017;17(1):156.
Farrokhpour M, Kiani A, Mortaz E, Taghavi K,
Farahbod AM, Fakharian A, et al. Procalcitonin
and proinflammatory cytokines in early diagnosis
of bacterial infections after bronchoscopy. Open
Access Maced J Med Sci. 2019;7(6):913-9.
Pablo J, N A
Interventions in pulmonary medicine. 2nd ed.
Springer; 2017.

Wang S, Tu J, Shui Y, Zhao S. The predictive
value of C-reactive protein for endobronchial,

Diaz-Jimenez, Rodriguez,

biopsy-induced bleeding in patients with lung
cancer. Int J Clin Exp Med. 2019;12(4):4154-60.
Aguiiin PR. Infectious complications following
bronchoscopy: Does sedation play arole? J Lung
Pulm Respir Res. 2018;5(4):112-8.

Sato Y, Murata K, Yamamoto M, Ishiwata T,
Kitazono-Saitoh M, Wada A, et al. Risk factors for
post-bronchoscopy pneumonia: a case-control
study. Sci Rep. 2020;10(1):19983.

Takiguchi H, Hayama N, Oguma T, Harada K,
Sato M, Horio Y, et al. Post-bronchoscopy
pneumonia in patients suffering from lung cancer:
Development and validation of a risk prediction
score. Respir Investig. 2017;55(3):212-8.
Shimizu T, Okachi S, Imai N, Hase T, Morise M,
Hashimoto N, et al. Risk factors for pulmonary
infection after diagnostic bronchoscopy in
patients with lung cancer. Nagoya J Med Sci.
2020;82(1):69-77.

Nehring SM, Goyal A, Bansal P, Patel BC. C
reactive protein. StatPearls. 2023;65(5):237-44.
Sproston NR, Ashworth JJ. Role of c-reactive
protein at sites of inflammation and infection.
Front Immunol. 2018;9(APR):754.

Coster D, Wasserman A, Fisher E, Rogowski O,
Zeltser D, Shapira I, et al. Using the kinetics of c-
reactive protein response to improve the
differential diagnosis between acute bacterial

and viral infections. Infection. 2020;48(2):241-8.

159



14.

15.

16.

17.

18.

19.

20.

21.

22.

160

Sri Indah Indriani: C-Reactive Protein and Procalcitonin as Marker for Post-Bronchoscopic Complications

Bernstein D, Coster D, Berliner S, Shapira |,
Zeltser D, Rogowski O, et al. C-reactive protein
velocity discriminates between acute viral and
bacterial infections in patients who present with
relatively low CRP concentrations. BMC Infect
Dis. 2021;21(1):1210.

McFadyen JD, Kiefer J, Braig D, Loseff-Silver J,
Potempa LA, Eisenhardt SU, et al. Dissociation
of c-reactive protein localizes and amplifies
inflammation: Evidence for a direct biological role
of c-reactive protein and its conformational
changes. Front Immunol. 2018;9:1351.

Creamer AW, Kent AE, Albur M. Procalcitonin in
respiratory disease: Use as a biomarker for
diagnosis and guiding antibiotic therapy. Breathe
(Sheff). 2019;15(4):296-304.

Bai Y, Lu J, Cheng Y, Zhang F, Fan X, Weng Y,
NF-kB LPS-mediated
procalcitonin production in human hepatocytes.
Scientific Reports 2018 8:1. 2018;8(1):1-9.
Memar MY, Varshochi M, Shokouhi B,
Asgharzadeh M, Kafil HS. Procalcitonin: The
marker of pediatric bacterial infection. Biomed
Pharmacother. 2017;96:936—43.

Schuetz P, Wirz Y, Sager R, Christ-Crain M,
Stolz D, Tamm M, et al. Effect of procalcitonin-

et al increases

guided antibiotic treatment on mortality in acute
respiratory infections: A patient level meta-
analysis. Lancet Infect Dis. 2018;18(1):95-107.
Yeh CF, Wu CC, Liu SH, Chen KF. Comparison
of the accuracy of neutrophil CD64, procalcitonin,
and C-reactive protein for sepsis identification: A
systematic review and meta-analysis. Ann
Intensive Care. 2019;9(1):5.

Zandstra J, Jongerius |, Kuijpers TW. Future
biomarkers for infection and inflammation in
febrile children. Front Immunol. 2021;12:631308.
Koizumi Y, Sakanashi D, Ohno T, Nakamura A,
Yamada A, Shibata Y, et al. Plasma procalcitonin
levels remain low at the onset of gram-positive
bacteremia regardless of severity or the
presence of shock: A retrospective analysis of
patients with detailed clinical characteristics. J

Microbiol Immunol Infect. 2021;54(6):1028-37.

23.

24,

25.

26.

27.

28.

29.

Bassetti M, Russo A, Righi E, Dolso E, Merelli M,
D’Aurizio F, et al.

predicting etiology in bacteremic patients: Report

Role of procalcitonin in

from a large single-center experience. J Infect
Public Health. 2020;13(1):40-5.
Lee EH, Lee KH, Song YG, Han SH. Discrepancy

of c-reactive protein, procalcitonin  and
interleukin-6 at hospitalization: Infection in
patients with normal c-reactive protein,

procalcitonin and high interleukin-6 values. J Clin
Med. 2022;11(24):7324.

Tan M, Lu Y, Jiang H, Zhang L. The diagnostic
accuracy of procalcitonin and c-reactive protein
for sepsis: A systematic review and meta-
analysis. J Cell Biochem. 2019;120(4):5852-9.
Kamat IS, Ramachandran V, Eswaran H, Guffey
D, Musher DM. Procalcitonin to distinguish viral
from bacterial pneumonia: A systematic review
and meta-analysis. Clin Infect Dis.
2020;70(3):538-42.

Picard E, Schwartz S, Goldberg S, Glick T, Villa
Y, Kerem E. A prospective study of fever and
bacteremia after flexible fiberoptic bronchoscopy
in children. Chest. 2000;117(2):573-7.
Rodriguez  AN. Rigid
bronchoscopy. Interventions in  Pulmonary
Medicine [Internet]. 2017 Jan 1 [cited 2023 Nov
4];47-66. Available from:
https://link.springer.com/chapter/10.1007/978-3-
319-58036-4_4

Niehues T. C-reactive protein and other

Diaz-Jimenez JP,

biomarkers—the sense and non-sense of using
inflammation biomarkers for the diagnosis of
severe bacterial infection. 2018;5(2):35-47.

J Respir Indo Vol. 44 No. 2 April 2024



