A.E. Makarevich?,
0.S. Omeljanenko-Gonulal’,
J. Chorostowska?

BIOMARKERS FOR ASSESSING
SEVERITY AND COMPLICATIONS
IN COMMUNITY-ACQUIRED
PNEUMONIA

1 Belarusian State Medical University,
Minsk, Belarus

2 National Institute of Tuberculosis
and Lung Diseases, Warsaw, Poland

Summary

Early prognostic assessment by the clinical scale with the biomarker panel is crucial for the optimized management of
community-acquired pneumonia (CAP).

The aim was to evaluate the usefulness of several biomarkers (representing different pathophysiological pathways) and
thyroid hormones in combination with the CURB-65 scale to understand how these biomarkers might be used in clinical
practice for assessing CAP severity as well as the relationship between these biomarkers and adverse clinical outcomes.
Methods. A total of 62 in-patients with proven CAP of CURB-65 class 2-5 were enrolled into the study. We measured the
values of C-reactive protein (CRP), procalcitonin (PCT), d-Dimer (d-D), copeptin (CP), adrenomedullin (ADM) and thyroid
hormones such as free triiodothyronine (FT,), tetraiodothyronine (FT,) and thyroid stimulating hormone (TSH).

Results. Intensification of CAP severity and in-hospital mortality (IHM) cases were associated with increased values of
infection and inflammation biomarkers (CRP, PCT), disorders of coagulation (d-D) and vascular tone (CP, ADM). Non-survivors
had significantly higher values of CRP, PCT, d-D and CP vs. survivors. PCT, d-D showed significantly higher concentrations
in patients requiring vasopressor support (VS) vs. those with stable haemodynamics (by 10 and 2.1 times respectively).
On admission in intensive care unit (ICU) CRP, PCT and D-d values were significantly correlated with need for VS (r=0.39;
0.74 and 0.54) and IHM (r=0.38; 0.72 and 0.48). Both CP and ADM values were significantly associated with duration of
ICU stay (r=0.43; 0.91) as well as CP with the need for VS (r=0.54). The levels of FT_ and FT, were significantly lower in non-
severe and severe CAP groups (by 12% and 23%) vs. the control group as well as in patients requiring invasive mechanical
ventilation (IMV). There were a relevant correlations between FT, and CAP severity (r= —0.55), FT, and IHM (r= —0.44) as
well as between FT,, TSH and the need for IMV (r= —0.47; r=0.37 respectively). The development of non-thyroidal illness
syndrome (NTIS) was detected in 42% of these CAP patients.

Conclusion. This biomarker panel and thyroid dysfunction can be used for adequately assessing the severity of CAP. We
detected a close relationship between this biomarker panel and some adverse clinical outcomes.
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Community-acquired pneumonia (CAP) remains
a common and serious illness in adults with an es-
timated incidence of approximately 6 cases/1.000
population per year [1]. The majority of cases are
managed outside hospital, but 20% require hospi-
tal admission. Out of this group of immunocom-
petent patients, around 20% develop severe CAP
(sCAP) with multiple pathophysiological pathways
that requires immediately hospitalized in intensive
care unit (ICU) often for invasive mechanical ven-
tilation (IMV) or vasopressor support (VS) [1, 2].
More than one third of these patients will die in
the first few days of hospitalization, despite signifi-
cant advances in etiological investigation, early ini-
tiation of antimicrobial therapy and improvements
in adequate supportive care. A standard of CAP
management recommend the tactics of diagnosis
and treatment based on the early evaluation of
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the CAP severity. Most of clinical factors obtained
by history and physical examination (such as
pathological chest auscultation) as well as routine
tests (as leucocyte count — WBC) have limited the
ability with surprisingly poor accurate predictors
for the CAP severity and its complications. Thus,
a clinical judgment is not reliable in the appropri-
ate management of CAP. In support, some studies
have shown a tendency for clinicians to either
overestimate or underestimate CAP severity.
There are some different international prog-
nostic scales that based on the approach with ini-
tial stratification of CAP (assess its severity and
possible mortality) as well as the need to deter-
mine the amount of specific treatment and tactical
matters during hospitalization (mainly in ICU). So,
CURB-65 scale is a popular scale in Western Eu-
rope at the present time due to its simplicity and
reliability in everyday practice [3]. This risk predic-
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tion tool perform well in identifying CAP patients
with a low mortality risk, but are poor in predicting
ICU-admission (as well as in requirement for IMV
or VS) and other important adverse sCAP out-
comes, including early deterioration and some se-
rious complications [4-6].

The use of several biomarkers may represent a
different branches of the CAP pathogenesis (as dise-
ase-related stress, physiological reserve and a re-
sponse to a therapeutic intervention) and improve
practices in emergency medicine [7-10]. Thus, bio-
markers could significantly help management of
CAP by improving the accuracy of clinical severity
scores and outcomes [4, 11, 12]. The complex as-
sessment of CAP include the diagnostic work-up
(the clinical decision-making process), guiding anti-
biotic therapy (the choice and route of antimicrobial
agents), evaluating the clinical response to therapy
and recovery from sCAP, the development of organ
dysfunction (heart, kidneys, liver or multiple organs
dysfunction) as well as stratify sCAP patients based
on predicted risks for IHM [3, 13, 14]. The biomar-
ker’s results are completely dependent on being
performed with appropriate clinical suspicion and
using sensitive and specific assays. It is highly likely,
that no single biomarker in isolation will accurately
provide all the information necessary for accurate
clinical sCAP management, possible due to disease
heterogeneity.

C-reactive protein (CRP) is the most widely used
biomarker of infection in severe ill patients, but its
specificity has been challenged [15-17]. CRP is an
acute phase-protein synthesized only by the liver
largely under control of IL-6, a cytokine released at
sites of inflammation. CRP levels rise rapidly (within
4-6 h) in response to several inflammatory stimuli
during acute and chronic inflammatory states (bac-
terial infection being one of the most potent). Af-
ter the disappearance of or removal of the stimu-
lus, the CRP concentration decreases rapidly with
a half-life of 19 h. The rate of synthesis is the only
significant determinant of its plasma level and,
hence, CRP level is a useful objective index of acute
phase response. It should be known, that CRP may
be several elevated in the elderly as well as a low
CRP level may reflect severity of hepatic synthetic
function disorders rather than absence of infection.
Although results are controversial, CRP may help
the diagnosis, severity assessment and treatment
follow-up of CAP [18]. For CRP, recent data suggest
that steroids and prior antimicrobial therapy could
a slightly decrease or did not influence CRP level on
admission in patients with CAP [19].

CRP alone should not be used to diagnose CAP
as well as absolute CRP values are less useful than
their dynamics in predicting the prognosis and
severity of CAP. Probably, it may have more utili-
ty in the combination with other clinical features

| NpakTukyloumit nikap, Tom 5, Ne2, 2016 | www.likar-praktik.kiev.ua R

and biomarkers. With regard to CAP severity and
adverse clinical outcomes, several studies [16, 20]
have demonstrated that high CRP levels on ad-
mission and the absence of CRP kinetics over the
course of a hospitalization were associated with
ICU admission and serious complications including
a higher incidence of organs failure and IHM. The
higher CRP levels on ICU discharge were also as-
sociated with higher ICU readmission and IHM.
So, in patients with higher CRP levels, IHM was
decreased up to 15% if CRP levels decreased af-
ter 48 h, whereas IHM was 60% in patients, whose
CRP did not decrease [18]. Furthermore, there are
discordant results with regard to the associations
of CRP and CAP outcomes, suggesting that CRP
may not be useful for determining the prognosis of
this disease [21, 22].

It was shown the diagnostic utility of PCT for
acute systemic bacterial infections [23-25] and now
PCTis beingincreasingly used as a diagnostic, prog-
nostic and therapeutic biomarker in CAP [21, 26].
Thus, evaluation of PCT complements and im-
proves the complex assessment of CAP based on
careful patient history, physical examination and
appropriate cultures.

PCT is the prohormone of the hormone calci-
tonin which is normally produced in the thyroid
gland. In the absence of infection, extra-thyroidal
production of PCT is suppressed and in healthy in-
dividuals, the levels of PCT are low. PCT is not a
marker of early infection. So, PCT values start to
rise 4 h after the onset of systemic infection and
reach its peak at between 8 and 24 h. In micro-
bial infections and various forms of inflammation,
PCT levels increase up to several-thousand-fold
(however, this rise is negligible in viral infections).
Its rising (especially in dynamics) was correlated
with the CAP severity and IHM, while the PCT cut-
off levels for diagnosing infection have not been
clearly established.

PCT has superior diagnostic accuracy [22, 27] as
compared with other markers in severe systemic
bacterial infection which most frequent source is
the lung. Both CRP and PCT levels have been shown
to predict the severity of illness and 28-day mor-
tality [28-29], but PCT was more strongly associ-
ated with the adverse outcomes than CRP [30-33],
while the levels of CRP and WBC were not found to
be predictive of mortality. Administration of ste-
roids and antibiotics does not diminish the value
of PCT [34]. Renal clearance is one of the PCT elim-
ination pathways.

The presence of inflammatory conditions (with
realizing the proinflammatory mediators — IL-1,6
and TNF-a) and microbial infection (e.g. micro-
bial toxins) as well as multiple organ dysfunction
induce increased production and release of PCT
from all non-thyroidal parenchymal tissues and dif-



ferentiated cell types (liver, adipose tissue, kidney,
and muscle but not by leukocytes) [18]. However,
as the surrogate marker, PCT can be elevated [7,
30, 35] in noninfectious conditions (for example,
in: thyroid or lung cancer, liver metastasis, renal
failure, severe trauma, pneumonitis, burns and
paraneoplastic syndrome) and may remain low in
some cases of bacterial infections (especially in
localized infections — empyema or blocked ab-
scess). PCT (in contrast to CRP) is inhibited through
interferon y, which is released in viral infections,
thus exhibiting a strong specificity for bacterial in-
fections [33]. Thus, PCT may give information on
whether the patient is suffering from a bacterial
infections, while this information cannot be as-
sessed by using CRP.

PCT level was increased with rising the severity
of sepsis and organ dysfunction [36]. Vice versa,
it was detected, that low levels of PCT were as-
sociated with low short- and long-term mortality
across CURB classes [23, 27]. The serial measure-
ments of PCT over time in sCAP patients may more
accurately describe CAP outcomes (serious com-
plications and IHM) and may be more useful than
single measurement [32], because PCT levels often
show a gradual increase during follow-up, while a
falling level of PCT suggests a favorable outcome.
Unfortunately, PCT levels on the day of admission
were often failed to predict CAP severity and its
prognosis [36, 37].

The results of several studies [38, 39] have
demonstrated that high initial levels of d-Dimer (d-
D) as degradation product of fibrin formation and
biomarker of coagulation disorders in patients with
critical conditions was associated with high risk of
IHM in sCAP. The significant disorders of hemosta-
sis are often accompanied in sCAP. During acute
or chronic of lung parenchyma damage develop-
ments activation of both vascular and extravascu-
lar coagulation is known to develop. This activa-
tion of the coagulation cascade leads to deposited
of fibrin in interstitium and alveoli of the lung. The
fibrin matrix is part of the acute inflammatory re-
sponse and initiates the sequence of events leading
to remodeling of the lung tissue [40]. The relation-
ship between levels of d-D and the severity as well
as the adverse outcomes of CAP is not sufficiently
studied.

Arginine vasopressin (AVP) is a key hormone in
the human body. AVP has vasoconstrictor (restoring
vascular tone in vasodilatory hypotension) and an-
tidiuretic properties (maintaining the fluid balance).
AVP produced by hypothalamic neurons and re-
leased due to different stimuli such as infections,
stress, hypotension, hypoxia, hyperosmolarity and
acidosis. Measurement of AVP is difficult due to its
short half-life and instability. Recently, provasopres-
sin — copeptin (CP) was found to be a stable and
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sensitive surrogate marker for AVP release. So, the
high CP level might be used as a biomarker of the
stimulated neuroendocrine regulation as well as
provide evidence that of AVP is also elevated in sep-
sis and septic shock or insufficient endogenous AV
production in these conditions [41, 42]. ICU admis-
sion and IHM was more frequent in sCAP patients
admitted with the high CP levels [42-44]. Thus, CP
(like cortisol) reflects individual stress response and
has hemodynamic and osmoregulatory effects.

However, accurate IHM prediction does not au-
tomatically lead to accurate identification of pa-
tients developing critical stage of disease and the
need for ICU treatment. So, CP was better in pre-
dicting early clinical instability (within 72 h after
admission) and mortality than other biomarkers,
including WBC, CRP and PCT [42]. Thus, in patients
who died, the CP levels on admission were signifi-
cantly higher as compared with the levels in survi-
vors. The role of neuroendocrine regulation as well
as behavior of CP in sCAP is under investigation.

It is now known that adrenomedullin (ADM) is
rather more than simply a vasodilator. It may be
predictor development of septic shock as well as
may have a remarkable range of actions (from
regulating cellular growth and differentiation,
through modulating hormone secretion, to anti-
microbial effects). The levels of the ADM were re-
lated with CAP severity and its outcomes well as
with sepsis [45-48].

A number of studies [49, 50] have demonstrated
the presence of significant thyroid dysfunction
(«nonthyroidal illness syndrome» — NTIS) in
ICU patients with acute respiratory distress syn-
drome (ARDS) and in critical conditions. NTIS in
the patients with severe conditions was characteri-
zed by low levels of total and free triiodothyronine
(FT,) as well as tetraiodothyronine (FT,) against
the background of disproportionately high values
of thyroid stimulating hormone (TSH). NTIS is pre-
dictor of adverse outcomes in critically ill patients
and its presence leading to a marked mortality in
these patients [51, 52]. Thyroid status in patients
with different severity of CAP and its relationship
to outcomes of sCAP are poorly understood.

The aim of our study was to evaluate the use-
fulness of some biomarkers (CRP, D-d, PCT, CP,
ADM) and thyroid hormones with combination of
the CURB-65 scale to understand how these bio-
markers might be used in standard clinical practice
for CAP severity assessment as well as the relation-
ship between these biomarkers and some clini-
cal parameters — IHM, length of in-hospital stay
(LIHS) and ICU stay, need for IMV and VS.

Materials and methods
We enrolled consecutive 62 patients (18 years
old or above) recruited from Minsk population
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(Belarus) with a diagnosis of CAP based on the fol-
lowing inclusion criteria (most of them are unspe-
cific): temperature >37.5 °C or hypothermia, acute
respiratory relevant symptoms (at least two of the
following symptoms): fever, cough with increased
purulent sputum production, dyspnea, pleuritic
chest pain, altered local breath sounds during
auscultation, leukocytosis as well as presence of
a new or increasing radiological pulmonary infil-
trate. Chest radiograph images were recorded as
lobar, localized and diffuse bilateral.

In the course of the study were recorded: sex
and age of patient, presence of concomitant dise-
ases, the amount of lung tissue damage and the
parameters required for the account scale CURB-65
(levels of consciousness and urea, the frequency of
breaths respiratory rate, blood pressure). ICU ad-
mission was considered in sCAP patients with the
presence one of two major criteria (the need for
IMV or VS) or two of three minor criteria (systolic
blood pressure <90 mm Hg, multilobar disease,
ps0,<90%) or more than two CURB points and no
response or worsening mental status (confusion,
coma) despite of adequate initial therapy.

Written informed consent was obtained from
every patient prior to inclusion in the study. The
study was approved by the ethical review board of
Belarusian State Medical University.

Exclusion criteria from the study: hospital-ac-
quired pneumonia, systemic immunosuppression
(systemic steroid medication of 210 mg predniso-
lone equivalent per day for more than 14 days) and
severe immunosuppression other than corticoste-
roids; ongoing chronic antibiotic administration;
the presence of foci of active tuberculosis 4 weeks
prior to hospitalization; patients with organic pa-
thology of the thyroid gland or treated with thy-
roid hormones or iodine-containing drugs in the
past 6 months; thromboembolism burdened by
history and high probability of pulmonary embo-
lism at present; the classes 3-4 of congestive heart
failure according to NYHA; the presence of malig-
nant tumors and leukemia; chronic moderate-to
severe renal, hepatic and rheumatic diseases or
vasculitis; 3 months before of injury and surgery;
decompensated diabetes mellitus and the patients
whose biomarkers were not available on the first
day on admission. These exclusions were needed
to make sure that the inflammatory reactions re-
sult from acute infectious disease and not from
underlying diseases.

Initially (the first stage of our study), 36 pa-
tients with CAP were divided into the two groups
(Table 1): 1%t group was formed of 16 patients with
non-severe CAP (2-3 class severity according to the
CURB-65 scale) and the 2" group — 20 patients with
sCAP (4-5 class of the severity). The control group
included 16 comparable healthy volunteers with no

infectious inflammatory conditions from the medi-
cal staff of our clinic. Adequate empirical antibiotic
therapy was carried out. The correction of latter
(more often in sCAP patients) was performed based
on the data of the microbiological examination and
the antibiogram. Short-term prior antibiotic therapy
(was revealed in 1/3 of the patients) before hospi-
talization did not affect eligibility. A causative micro-
bial pathogen was detected in half of sCAP patients.
Detailed baseline characteristics of the study popu-
lation are presented in Table 1.

As seen in Table 1, the age of patients in the
2" group was higher as compared with the
15t group (p<0.05) while the sex structure of these
groups was comparable. The analysis structure of
these groups according to a CURB-65 scale showed
that the half of patients from the 1% group had 2 or
3 class, while 60% and 40% of the patients from
the 2" group had 4 and 5 classes respectively.

Additionally (the second stage of study), we
have analyzed the patients who were treated in
ICU. They were divided into survivors and non-
survivors (during 20 days after the first hospital
contact until death) patients (Table 2). There were
no significant differences between the numbers of
male patients and class of severity among these
groups. The most of non-survivors men were
smokers and abused alcohol. Of the analyzed pre-
exiting comorbidities, non-survivors had higher
rates of prior reported congestive heart failure,
hypertension and coronary artery disease, indica-
ting a definite contribution of these comorbidities
to mortality. But, from our point of view, the death
of these patients was prima facie influenced by the
presence of severe respiratory failure, septic shock
and organ failure against the background of high
CURB severity scores rather than comorbidities.

The reasons of the deaths among these 6 pa-
tients during antibiotics treatment in ICU were the
following: the two patients died during IMV (from
severe respiratory failure) and VS (from septic shock

Table 1. The baseline characteristics of 36 pa-
tients according to CAP severity (Me-IQR)

Group Age (years) Sex CURB-65 class
1t 44.5 women (25%), class 2-50%,

(n=16) (32.0; 58.1) men (75%) class 3-50%
2nd 63.5* women (40%), class 4-60%,

(n=20) (52.2; 77.6) men (60%) class 5-40%

Me and IQR denote median and interquartile range; * — p<0.05
between these groups.

Table 2. Comparison of age, sex and CURB-65
scale structure between survivors and non-survivors

(Me-IQR)

Group Age (years) Sex CURB-65 class
Survivors 49.7 women (20%), class 3-40%,
(n=20) (36.2; 63.3) men (80%) class 4-60%
Non-survivors 51.1 men (100%) class 4-67%,
(n=6) (42.4; 59.8) class 5-33%
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and refractory hypotension) as well as due to mul-
tiple organs failure. Some of these sCAP patients
experienced more than one serious complications
(e.g. severe hypoxemia, ARDS, pleural effusion,
acute renal failure and cardiovascular dysfunction).

As seen in Table 3, only 1 patient from survivors
have required VS and IMV at the first day on ad-
mission as compared with all the patients in non-
survivors group. Duration of VS and IMV as well
as ICU length stay was higher in non-survivors as
compared with survivors.

WBC, serum CRP, d-D and PCT values were
measured within the first 24 h after admission by
the local hospital laboratories. CRP values were
detected by immunoturbometry method («CRP
Latex Beckman») and d-D levels by immunochemi-
cal method («d-Dimer; Hemosil»). PCT was deter-
mined by an immunnochromatographic method
(«Brams PCT-Q»). The levels of thyroid hormones
were evaluated by RIA method («Roche diagnos-
tics», Germany). CP and ADM were measured by
a sandwich immunoluminometric assay (Kryptor,
Thermo Scientic Biomarkers). Laboratory measure-
ments were performed in a blinded fashion with-
out knowledge of the clinical status of the patient.

Statistical analysis. The statistical analysis was
performed using the developed software packages
in STATISTICA for Windows 8.0 (2007, Statsoft Inc.,
USA). The preliminary analysis of the variables un-
der consideration was a Shapiro-Wilk test of cor-
respondence to normal distribution. The results of
the analysis were shown as median and interquar-
tile range (Me-IQR) because all the parameters dif-
fered from normal distribution. The comparison of
non-parametric parameters in two independent
groups was carried out using a Mann-Whitney test.
Spearman’s rank correlation coefficient (r) was
used to describe the relationship between the two
guantitative variables that differed from normal
distribution. The level of statistical significance
was set at p<0.05.

Results

WBC was significantly differed in patients with
different classes of CAP severity as well as it was
depended on the volume affection of lung tissue.
As seen in Table 4, WBC in patients of the 2" group
was about 2 times higher than in the 1% group
(p<0.05). WBC was correlated with the class se-
verity of CAP according to CURB-65 scale (r=0.54;
p<0.05). WBC in non-survivors did not differ from
survivors patients. It was not revealed the correla-
tion between WBC and IHM.

On admission CRP level was higher in patients of
2" group as compared with the 1%t group (by 21%;
p<0.05) as well as in non-survivors vs. survivors
(by 1.5 time; p<0.05). CRP showed a significantly
higher concentration in patients requiring VS as
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Table 3. Clinical parameters in survivors and
non-survivors (Me-IOR)

Parameters Survivors (n=20) Non-survivors (n=6)
1tday | 8" day | 1day 8th day
Need for VS (n) 1 - 6 5
VS duration (h) - 12 | 46(32;63) | 91 (74; 105)
IMV (n) 1 - 6 5
IMV duration (h) 24 |67 (38;92)|175 (143; 192)
length of ICU stay (days) - 8 - 16 (14; 17)

Table 4. Baseline levels of biomarkers in different
CAP patient’s groups (Me-IQR)

Group WBC CRP PCT d-D CcP
(10°/1) (mg/L) | (ng/ml) | (mg/ml) | (pg/ml)
1t 9.7 1.9 1.8 0.8 45.2
(n=16) | (6.1;13.8) | (1.5; 2.0) |(0.4; 10.0)| (0.3; 1.2) | (24.5; 59.8)
2nd 21%* 2.3* 7.1* 1.7* 76.0*
(n=20) |(15.0;26.5)| (1.8; 2.6) |(1.6;29.0)| (1.2; 2.0) | (55.0; 90.1)
survivors 13.9 1.9 13 1.2 44.7
(n=20) |(11.1;22.4)| (1.7;2.3) | (0.4;8.6) | (0.8; 1.4) | (36.3; 58.4)
non- 25.3 2.8%* 5.9%* 1.6%* 74.2%*
survivors | (21.3; 29.6) | (2.5;2.9) | (4.7;9.2) | (1.2; 2.0) | (54.9; 89.7)
(n=6)

* — p<0.05 between 1% and 2" groups; ** — p<0.5 between
survivors and non-survivors.
compared with those with stable haemodynamics
(2.2 vs. 1.9 mg/L). Additionally, CRP level was sig-
nificantly correlated with the classes of CURB scale
(r=0.55), need for VS (r=0.39) and IHM (r=0.38).

The similar picture was observed concerning
the PCT dynamics. Thus, PCT was increased as se-
verity of CAP was raised too. We revealed a positive
correlation between the PCT level and a classes of
CURB scale (r=0.74; p<0.05). So, it was detected
that PCT level was significantly higher in patients
with 4% class severity as compared with 3™ class
(by 3.5 times) as well as in the 2" group vs. the
15t group (by 3.9 times).

Additionally, we noted the significant variations
of PCT levelsin the observed groups (Fig.). So, it was
<0.5 ng/ml in 56% of the patients from 1% group
and >0.5 but <10 ng/ml in other 44% of patients.
The changes of PCT level in the 2" group were no-
ticeably differed from the same in the 1 group.
Thus, PCT level was >0.5 ng/ml in all of patients
and 210 ng/ml in 70% of these patients. We re-
vealed that PCT with cut-off point 210 ng/ml may
be a good guide for identifying sCAP patients for
ICU admission.

Non-survivors had significantly higher values
of biomarkers of infection and inflammation, and,
as expected, showed the trend to higher values of
the calculated CURB-65 scores describing severity
of CAP on admission. Analysis showed, that PCT
level was higher in non-survivors than in survivors
(by 4.5 times; p<0.05) and its value was increased
more pronounced as compared to WBC, CRP, body
temperature and abnormal local chest auscultation
changes. Additionally we detected that the patients
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Fig. Distribution of PCT levels in different CAP
groups

who required VS had a higher PCT level as compared
with those with stable hemodynamics (by 10 times;
p<0.05). Thus, a diagnostic accuracy of PCT for
CAP severity was significantly higher as compared
to CRP, WBC and the observed clinical symptoms.
We revealed that PCT level was significantly cor-
related with IHM, need for VS and duration of ICU
stay (r=0.74, r=0.72 and r=0.81 respectively). Usu-
ally, the observed patients with the typical bacterial
etiologies of CAP showed the higher levels of PCT
than the patients with viral etiologies.

We detected a significant difference of d-D level
in patients with various classes of CAP severity. So,
d-D level was significantly higher in the 2™ group
vs. the 1% group, in non-survivors as compared
with survivors as well as in patients requiring VS
vs. those with stable hemodynamic (by 2, 1,3 and
2,1 times respectively). d-D concentration was
also depended on the volume of lung tissue af-
fection. So, the patients with bilateral or polyseg-
mental disease affection had a higher d-D level
too. The latter was correlated with intensification
of the CAP severity (r=0.62; p<0.05). Additionally,
we found the significant correlations of d-D levels
with LIHS, need for VS as well as with IHM (r=0.50,
r=0.54 and r=0.48 respectively).

On admission CP levels was significantly higher:
in the 2" group as compared with 1% group
(by 68%), in the 4t class of CAP severity vs. the
3 class (by 57%) and in non-survivors vs. survivors
(by 66%) as well as in patients who required VS as
compared with those with stable haemodynamics
(by 57%; p<0.05). We noted, that intensification of
CAP severity was also associated with increased CP
value (r=0.53; p<0.05). The latter was significantly
correlated with need for VS and duration of ICU
stay (r=0.54 and r=0.43). Although ADM level did
not correlated with CAP severity, but it was signifi-
cantly associated with duration of ICU stay (r=0.91)
and with the need for IMV (r=0.47).

The analysis showed that CAP patients had the
significant differences in their baseline thyroid hor-

Table 5. The baseline levels of thyroid hormones
in CAP patient’s groups (Me-IQR)

Parameter | Control (n=12) 1t group (n=16) 2" group (n=20)
TSH (mME/L) | 1.1(0.8;1.4) 2.3(1.4;2.6)* 3.2(2.3; 4.2)%**
FT, (pmol/L) | 55(4.7;5.7) 4.6 (4.0;5.2)* 4.0(3.6;4.6)*
FT,(pmol/L) | 19.2(17.3;20.2) | 17.6(16.6;19.5)* | 15.5 (14.6; 16.9)***

* — p<0.05 vs. the control; ** — p<0.05 between the CAP groups.

mones status as compared with the control (Table 5).
So, a level of TSH was significantly higher in 1%t and
2" groups (by 2 and 2.9 times respectively) as com-
pared with the control. TSH levels did not correlate
with CURB scale and with volume of lung parenchy-
ma damage.

As seen in Table 5, the levels of FT, and FT, were
significantly lower in 1tand 2" groups (by 12% and
23%) than in the control group. We did not find a
significant difference of FT, levels in patients with
different grades of CAP severity as well as with dif-
ferent volumes of lung tissue damage, but FT, level
was significantly higher in survivors as compared
with non-survivors (by 1.5 time). The FT, and FT,
values were significantly lower (by 15% and 7%)
in patients requiring IMV than in those being un-
der spontaneous respiration. There were a signifi-
cant correlations between FT, and CAP severity
(r= —0.55) and between FT, and IHM (r= —0.44)
as well as between FT,, TSH and need for IMV
(r=—-0.47; r=0.37 respectively). It was detected the
development of NTIS in 42% of these CAP patients.
NTIS was revealed against the background of de-
creased the FT, , levels and increased TSH value.

Discussion

Our results are generally in a line with previous
observations. Several severity CAP assessment
tools (as the CURB-65 scale) have been developed
to guide the rapid and accurate initial evaluation of
disease and prediction of adverse outcomes. This
scoring system measure the physiological effect of
the infection on the host, but not the microbial and
inflammatory mechanisms of the injury response.
What is why these scales are not ideal by itself.
Thus, in some cases among of our patients the
CURB-65 scale was not accurate. This drawback
of the latter suggests that the factors other than
those included in this scale may contribute to the
CAP class severity.

The incorporation of a some biomarkers
combination  (integrate  reflecting  systemic
inflammation, endothelial dysfunction, stress

and other mechanisms of disease progression)
in CAP patients have significantly improved the
objective severity evaluation and individualized
prognostic accuracy for prediction of short term
CAP complications rate and to a lesser extent of
sCAP mortality. As shown by our data, together
with a careful clinical assessment and radiology,
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some biomarkers (first of all PCT) can significantly
increase diagnostic accuracy for the evaluation
of CAP severity and prognosis of some clinical
complications development. So, we could show the
different prognostic values of the abovementioned
biomarkers in predicting the adverse clinical
outcomes (such as IHM, ICU admission and the
need for VS or IMV). In view of the complexity of
the response in sCAP, it is unlikely that a single ideal
biomarker will ever be found for accuracy diagnosis
and prognostic assessment of sCAP. A combination
of a several CAP biomarkers may be more effective,
but this requires further evaluation. These
biomarkers values should be considered in close
connection with the patient’s clinical presentation,
history, imaging and other laboratory results.

CRPis considered to be markers of inflammation
in general, which are elevated not only in patients
with an infection, but also in other kinds of
inflammation. Summarizing our results, both the
biomarkers and the clinical CURB-65 score scale
have acceptable prognostic value in patients with
CAP (particularly who was treated in the ICU),
but the clinical CURB scores seems to perform
slightly worse as judged by the higher biomarkers
(CRP, PCT, d-D and CP) values. It should be noted,
that the rate and criteria for admission to ICU
vary widely across units and different health-care
systems as well as they are highly dependent on
individual physician decisions.

We (as well as the most of clinicians) may
consider that low CRP values may be associated
with a less severe systemic inflammation response,
which should reflect a better prognosis. Although
CRP is a quite good marker of CAP clinical severity,
but CRP has poor prognosis value, while PCT have
improved severity assessment of CAP and have
proved to be better predictors of complications
and mortality [22, 26]. In addition, PCT seems to
have an advantage over CRP because of its earlier
increase when infection occurs. Thus, according to
our data, PCT values were more correlated with
need for VS and IHM than CRP. We can suggest
that PCT is a diagnosis tool rather than a reliable
prognosis marker. These results are similar to
other data [30, 31].

An information about the CAP driven host-re-
sponse mirrored by the markedly elevated circu-
lating level of abovementioned biomarkers that
may provide insights into the pathophysiology and
prognosis of a sCAP process. We detected in most
of cases, that the values of these biomarkers were
significantly increased with rising the CURB-65
scores, that was in concordance with previous
studies [3, 6]. Some factors in our CAP patients
may be associating with a significantly variations of
initial PCT and CRP values, for example: older age,
antibiotic pretreatment or being male and chronic
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liver insufficiency (often due to alcohol abuse). We
revealed, that if a patient shows an new infiltrate
on chest radiograph (that was usually mandatory
for the diagnosis of CAP) in the presence of acute
respiratory symptoms but very low PCT value
(£0.5 ng/ml), clinicians should actively seek for an
alternative diagnosis.

Our results confirmed findings from previous
studies [10, 24, 30] showed that a high PCT level
was a good predictor of CAP severity and ICU admis-
sion. So, in our study PCT value with a cut-off point
of 210 ng/ml provided the best guide for identify-
ing patients for ICU admission while the need for
treatment in ICU was very unlikely if a PCT level was
<5 ng/ml. From our point of view, PCT seems to be
a more specific biomarker for bacterial infections
and therefore has been proposed for guidance of
antibiotic therapy in CAP, particularly in the ICU.

We also revealed that the raised PCT level was
significantly related to increasing severity of CAP
while CRP and WBC did not show the same system-
atic relationship that was in consistent with the
results of other researchers [31, 32, 35, 37, 40].
The higher PCT concentrations were associated
with the development of serious complications
and death [32, 37], while a low PCT level has been
associated with low mortality, even in patients at
high risk according to their CURB-scale. The prog-
nostic value of PCT can be markedly increased by
serial measurement during hospital treatment.
Unfortunately, we did not make the latter due to
some objective reasons (the patient’s death was
the one of them).

Although ICU admission and IHM are the main
outcomes in the majority of studies on sCAP, it
seems that the additional presence of sepsis (with
or without the need for VS) and/or the presence of
acute respiratory failure (with or without the need
for IMV) are simple and useful outcomes for iden-
tifying the most severe ill patients who require ICU
admission. From a pathophysiological point of view,
the presence of at least one of these two conditions
(or other unstable comorbidities) during the evalu-
ation of a sCAP patient in an emergency department
of the hospital, can lead directly to ICU admission.
For the latter, we believe that severity of CAP just on
hospital admission should be assessed immediately,
first of all by the simple parameters (such as respi-
ratory rate, oxygen saturation and blood pressure)
and subsequently by simple prediction rules (such
as the CRB-65 scale). In our opinion, sophisticated
biomarkers have no clear advantage over validated
clinical prediction rules to assess the severity of CAP
just at hospital admission.

The study was also limited by its small sample
size and the lack of causative etiology in half of
sCAP patients. The data on the diagnostic value of
PCT (including comparisons with other biomarkers
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such as CRP) in critically ill patients are rare and
the reported results are inconsistent. sCAP status
was associated with a remarkable release of pro-
inflammatory cytokines (such as IL-6) and a defec-
tive T-cell response, both of which might affect PCT
release and hence discriminatory performance of
PCT in diagnosing this pathology. A significant vari-
ation of PCT results in our severe ill patients was
most likely due to the small number of patients
and substantial differences in populations studied.
More powerful analyses are needed to address the
role of potential confounders of the diagnostic ac-
curacy of PCT (such as antibiotic pretreatment and
underlying impairment of the immune system).

It was shown, that high d-D value was associated
with 30-day mortality and major morbidity in pa-
tients with CAP [39]. Our data detected, that a pa-
tients with bilateral or polysegmental CAP affection
as well as non-survivors had a higher levels of d-D
that supported the role for disorders of coagulation
in sCAP and it was in agreement with the data of
other researchers [39, 40]. We revealed that the
predictive ability of d-D level concerning the evalu-
ation of CAP severity was comparable with PCT and
was higher than WBC and CRP. The new biomarkers
CP and ADM had association with IHM in CAP and
should be studied further for their value in stratifi-
cation of these patients in clinical trials.

CAP is a «friend» of elderly and multimor-
bid patients. Here mortality does not always re-
flect «dying from pneumonia» but rather «dying
with pneumonia». In some cases mortality was
predicted by concomitant diseases (for example,
coronary artery disease) and high age. So, sCAP
may cause release of inflammatory mediators and
prothrombic factors resulting in instability the
coronary plaques, increased biomechanical stress
and load from high metabolic demand.

sCAP was predicted by higher PCT (first of all),
CRP, d-D and CP levels which indicated a high system-
ic inflammation. Accordingly, although inflammatory
markers (like CRP and PCT) were associated with [HM
in CAP, but their predictive accuracy does not allow
high risk prediction by themselves. The biomarkers
like CP and d-D did not predict an adverse outcomes
in our sCAP patients because they may have varying
degree of liver or kidney dysfunction. Such pre-ana-
lytic factors could affect the initial biomarker levels
and hence confound assay interpretation. For exam-
ple, hepatocyte malfunction affects the main site of
CRP synthesis or elderly patients might have a sup-
pressed inflammatory response.

The majority of our patients with sCAP fulfilled the
criteria for sepsis while different cytokines and toxins
contribute to the extensive vasodilatation often seen
in systemic infection. We detected that CP level was
increased progressively with the severity of CAP and
was significantly higher in non-survivors as compared
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with survivors that was consistent with findings re-
ported about CP levels in septic patients [42-44]. Ad-
ditionally, sCAP patients with the highest values of CP
also presented and highest need for VS, IMV, dura-
tion of ICU and IHM. ADM levels have improved the
evaluation of serious complications prediction. So,
increased levels of CP and ADM (seen in sCAP) may
affect the endothelial system and contribute in blood
pressure homeostasis causing multiorgan failure and
eventually short-term death.

Our findings concerning the dynamics of thy-
roid hormones are also consistent with earlier
studies [53]. In CAP with NTIS (without clarifying
the reason) a decrease of FT, level was a mild form
of NTIS and the latter was not associated with in-
crease of IHM. The more definite predictor of IHMin
these patientswas alow FT, level. This fact was con-
sistence with the data of the other researchers [54],
who indicated a similar prevalence of NTIS in
ICU patients as well as in sCAP patients. Our data
showed that FT,, levels were more correlated with
IMV than PCT value. This fact may be used for de-
tection the patients with sCAP who need IMV.

Thus, our study have demonstrated that the sug-
gested complex of biomarkers had a moderate prog-
nostic utility as early risk predictor for adverse cli-
nical outcomes in sCAP patients. Novel biomarkers
offer great potential in aiding critical decisions
for patients with sCAP. Validation of our findings
in clinical practice is needed to determine whether
the use of abovementioned panel of biomarkers
improves outcomes for patients with CAP. Thus,
identifying patients with a benefit from initial in-
tensive management strategies in CAP remains an
important task to be done.

Conclusions

e This multimarker’s panel (with a high levels of
CRP, PCT, d-D, CP) and low values of FT, can be
used for adequately assessment the severity of
CAP. PCT is more reliable biomarker with mode-
rate diagnostic and prognostic utility compared
to d-D, CRP and CP in predicting prognosis, ad-
verse clinical outcomes and need for ICU admis-
sion in severe CAP patients.

e Adding this biomarker panel to CURB-65 scores
improves the predictive power for evaluation
of CAP severity and allows getting the consider-
ation of the entire CAP clinical picture.

e We detected a close relationship between these
biomarkers and in-hospital mortality, length of
in-hospital stay, ICU admission and duration of
stay, as well as need for invasive mechanical
ventilation and vasopressor support.

e Thepresenceofthyroiddysfunction (NTIS)onthe
background of high levels of these biomarkers
may help to identify patients with adverse clini-
cal outcomes.



o No

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.
42.

References

Rodriguez A., Lisboa T, Blot S. et al. Community-Acquired Pneumonia Intensive Care Units (CAPUCI) Study Investigators. Mortality in ICU patients
with bacterial community-acquired pneumonia: when antibiotics are not enough // Intensive Care Med. — 2009. — Vol. 35. — P. 430-8.

Baudouin S.V. The pulmonary physician in critical care: Critical care management of community-acquired pneumonia // Thorax. — 2002. — 57. —
P. 267-271.

Aujesky D., Auble T.L., Yealy D.M. et al. Prospective comparison of three validated prediction rules // Am. J. Med. — 2005. — Vol. 118. — P. 384-392.
Aliberti S., Faverio P., Blasi F. Hospital admission decision for patients with community-acquired pneumonia // Curr. Infect. Dis. Rep. — 2013. —
Vol. 15. — P. 167-176.

Chalmers J.D., Mandal P., Singanayagam A. et al. Severity assessment tools to guide ICU admission in community-acquired pneumonia: systematic
review and meta-analysis // Intensive Care Med. — 2011. — Vol. 37. — P. 1409-1420.

Ehsam M., Metersky M.L. Management of community acquired pneumonia // Curr. Respir. Care Rep. — 2013. — Vol. 2. — P. 218-225.

Sankar V., Webster N.R. Clinical application of sepsis biomarkers // J. Anesth. — 2013. — Vol. 27. — P. 269-283.

Kutz A., Grolimund E., Christ-Crain M. et al. (for the ProHOSP Study group) Pre-analytic factors and initial biomarker levels in community-acquired
pneumonia patients // Anesthesiology. — 2014. — Vol. 14. — P. 102-111.

Schuetz P., Briel M., Mueller B. Clinical outcomes associated with procalcitonin algorithms to guide antibiotic therapy in respiratory tract infec-
tions // JAMA. — 2013. — Vol. 309 (7). — P. 717-718.

Christ-Crain M., Muller B. Biomarkers in respiratory tract infections: diagnostic guides to antibiotic prescription, prognostic markers and media-
tors // Eur. Respir. J. — 2007. — Vol. 30 (3). — P. 556-573.

Menendez R., Martinez R., Reyes S. et al. Biomarkers improve mortality prediction by prognostic scales in community-acquired pneumonia //
Thorax. — 2009. — Vol. 64. — P. 587-591.

Schuetz P, Wolbers M., Christ-Crain M. et al. Prohormones for prediction of adverse medical outcome in community-acquired pneumonia and lower
respiratory tract infections // Critical. Care. — 2010. — Vol. 14. — R106.

Schuetz P, Litke A., Albrich W.C. et al. Blood biomarkers for personalized treatment and patient management decisions in community-acquired
pneumonia // Curr. Opin. Infect. Dis. — 2013. — Vol. 26 (2). — P. 159-167.

Kolditz M., Ewig S., Hoffken G. Management-based risk prediction in community-acquired pneumonia by scores and biomarkers // Eur. Respir. J. —
2013. — Vol. 41 (4). — P. 974-984.

Que Y., Virgini V., Dupuis Lozeron E. et al. Low C-reactive protein values at admission predict mortality in patients with severe community-acquired
pneumonia caused by Streptococcus pneumonia that require intensive care management // Infection. — 2015. — Vol. 43. — P. 193-199.
Claessens Y.E., Mathevon T., Kierzek G. et al. Accuracy of C-reactive protein, procalcitonin, and mid-regional pro-atrial natriuretic peptide to guide
site of care of community-acquired pneumonia // Intensive Care Med. — 2010. — Vol. 36. — P. 799-809.

Bruns A.H., Osterheert J.J., Hak E. et al. Usefulness of consecutive C-reactive protein measurements in follow-up of severe community-acquired
pneumonia // Eur. Respir. J. — 2008. — Vol. 32 (3). — P. 726-732.

Ho K.M., Dobb G.J., Lee K.Y. et al. C-reactive protein concentration as a predictor of intensive care unit readmission: a nested case—control study //
J. Crit. Care. — 2006. — Vol. 21. — P. 259-265.

Seam N., Meduri G.U., Wang H. et al. Effects of methylprednisolone infusion on markers of inflammation, coagulation, and angiogenesis in early
acute respiratory distress syndrome // Crit. Care Med. — 2012. — Vol. 40 (2). — P. 495-501.

Lobo S.M., Lobo F.R., Bota D.P. et al. C-reactive protein levels correlate with mortality and organ failure in critically ill patients // Chest. — 2003. —
Vol. 123. — P. 2043-9.

Hausfater P, Juillien G., Madonna-Py B. et al. Serum procalcitonin measurement as diagnostic and prognostic marker in febrile adult patients
presenting to the emergency department // Crit. Care. — 2007. — Vol. 11. — R60.

Boussekey N., Leroy O., Georges H. et al. Diagnostic and prognostic values of admission procalcitonin levels in community-acquired pneumonia in
an intensive care unit // Infection. — 2005. — Vol. 33. — P. 257-263.

Christ-Crain M., Muller B. Procalcitonin and Pneumonia: Is it a Useful Marker? // Current Infectious Disease Reports. — 2007. — Vol. 9. — P. 233-240.
Christ-Crain M., Opal S.M. Clinical review: The role of biomarkers in the diagnosis and management of community acquired pneumonia // Critical.
Care. — 2010. — Vol. 14. — P. 203-214.

Nylen E.S., Muller B., Becker K.L. et al. The future diagnostic role of procalcitonin levels: the need for improved sensitivity // Clin. Infect. Dis. —
2003. — Vol. 36. — P. 823-824.

Huang D., Huang D.T., Weissfeld L.A. et al. Risk prediction with procalcitonin and clinical rules in community-acquired pneumonia // Ann. Emerg.
Med. — 2008. — Vol. 52. — P. 48-58.

Simon L., Gauvin F,, Amre D.K. et al. Serum procalcitonin and C-reactive protein levels as markers of bacterial infection: a systematic review and
meta-analysis // Clin. Infect. Dis. — 2004. — Vol. 39. — P. 206-217.

Bloos F., Marshall J.C., Dellinger R.P. et al. Multinational, observational study of procalcitonin in ICU patients with pneumonia requiring mechanical
ventilation: a multicenter observational study // Crit. Care. — 2011. — Vol. 15. — R88.

Coelho L.M., Salluh J.1., Soares M. et al. Patterns of c-reactive protein RATIO response in severe community-acquired pneumonia: a cohort study //
Crit. Care. — 2012. — Vol. 16. — R53.

Christ-Crain M., Muller B. Procalcitonin in bacterial infections — hype, hope, more or less? // Swiss Med. Wkly. — 2005. — Vol. 135. — P. 451-460.
Christ-Crain M., Stolz D., Bingisser R. et al. Procalcitonin guidance of antibiotic therapy in community-acquired pneumonia: a randomized trial //
Am. J. Respir. Crit. Care Med. — 2006. — Vol. 174. — P. 84-93.

Masia M., Gutierrez F., Shum C. et al. Usefulness of procalcitonin levels in community-acquired pneumonia according to the patients outcome
research team pneumonia severity index // Chest. — 2005. — Vol. 128. — P. 2223-2229.

Gilbert D.N. Procalcitonin as biomarker in respiratory tract infection // Clin. Infect. Dis. — 2011. — Vol. 52. — P. 346-350.

Perren A., Cerruti B., Lepori M. et al. Influence of steroids on procalcitonin and CRP in patients with COPD and community-acquired pneumonia //
Infection. — 2008. — Vol. 36. — P. 163-166.

Linscheid P, Seboek D., Nylen E.S. et al. In vitro and in vivo calcitonin | gene expression in parenchymal cells: a novel product of human adipose
tissue // Endocrinology. — 2003. — Vol. 144. — P. 5578-558.

Ruiz-Alvarez M.J., Garcia-Valdecasas S., De Pablo R. et al. Diagnostic efficacy and prognostic value of serum procalcitonin concentration in patients
with suspected sepsis // J. Intensive Care Med. — 2009. — Vol. 24. — P. 63-71.

Jensen J.U., Heslet L., Jensen T.H. et al. Procalcitonin increase in early identification of critically ill patients at high risk of mortality // Crit. Care
Med. — 2006. — Vol. 34. — P. 2596-2602.

Shorrr A.F,, Trotta R.F,, Alkins S.A. et al. D-dimer correlates with proinflammatory cytokine levels and outcomes in critically ill patients // Chest. —
2002. — Vol. 121. — P. 1262-1268.

Chalmers J.D., Singanayagam A., Scally C., Hill A.T. Admission D-dimer can identify low-risk patients with community-acquired pneumonia // Ann.
Emerg. Med. — 2009. — Vol. 53. — P. 633-638.

Querol-Ribelles J.M., Tenias J.M., Grau E. et al. Pasma d-Dimer Levels Correlate With Outcomes in Patients With Community-Acquired Pneumonia //
Chest. — 2004. — Vol. 126. — P. 1087-1092.

Kata M., Muller B., Christ-Crain M. Copeptin: a new promising diagnostic and prognostic marker // Crit. Care. — 2008. — Vol. 12. — P. 117-119.
Guignant C., Voirin N., Venet F. et al. Assessment of pro-vassopressin and pro-adrenomedullin as predictors of 28-day mortality in septic shock pa-
tients // Intensive Care Med. — 2009. — Vol. 35. — P. 1859-1867.

MosepHyTuCa go 3Mic® www.likar-praktik.kiev.ua | MpakTukytouuii nikap, Tom 5, Ne2, 2016 |



43. Kolditz M., Halank M., Schulte-Hubbert B. et al. Copeptin predicts clinical deterioration and persistent instability in community-acquired pneumo-
nia // Respir. Med. — 2012. — Vol. 106 (9). — P. 1320-1328.

44. Kruger S., Ewig S. Kunde J. et al. Pro-atrial natriuretic peptide and pro-vasopressin for predicting short-term and long-term survival in community-
acquired pneumonia: results from the German Competence Network CAPNETZ // Thorax. — 2010. — 65. — P. 208-214.

45. Wang R.L., Kang F.X. Prediction about severity and outcome of sepsis by pro-atrial natriuretic peptide and pro-adrenomedullin // Chin. Traumatol. —
2010. — Vol. 13. — P. 152-157.

46. Courtais C., Kuster N., Dupuy A.M. et al. Proadrenomedullin, a useful tool for risk stratification in high pneumonia severity index score community
acquired pneumonia // Am. J. Emerg. Med. — 2013. — Vol. 31 (1). — P. 215-221.

47. Bello S., Lasierra A.B., Minchole E. et al. Prognostic power of proadrenomedullin in community-acquired pneumonia is independent of aetiology //
Eur. Respir. J. — 2012. — Vol. 39 (5). — P. 1144-1155.

48. Suberviola B., Castellanos-Ortega A., Llorca J.M. et al. Prognostic value of proadrenomedullin in severe sepsis and septic shock patients with
community-acquired pneumonia // Swiss Med. Wkly. — 2012. — Vol. 142. — W13542.

49. Ture M., Memis D. Predictive value of thyroid hormones on the first day in adult respiratory distress syndrome patients admitted to ICU: comparison
with SOFA and APACHE2 scores // Ann. Saudi Med. — 2005. — Vol. 2599 (6). — P. 466-472.

50. Rotwell PM., Udwaldia Z.F. Thyrotropin concentration predicts outcome in critical illness // Anesthesia. — 1993. — Vol. 48. — P. 373-376.

51. Ray D.C., Macduff A., Drummond G.B. et al. Endocrine measurements in survivors and non-survivors from critical illness // Intensive Care Med. —
2002. — Vol. 28. — P. 1301-1308.

52. Plicat K., Langgartner J., Buettner R. et al. Frequency and outcome of patients with nonthyroidal illness syndrome in ICU // Metabolism. — 2007. —
Vol. 56. — P. 239-244.

53. Rothwell PM., Lawler P.G. Prediction of outcome in intensive care patients using endocrine parameters // Crit. Care Med. — 1995. — Vol. 23. — P. 78-83.

54. Maksimova M.E. Community-acquired pneumonia: disorders of thyroid status. Author’s abstract of dissertation on scientific degree of candidate
of medical sciences. — Moscow (Russia), 2008. — 18 p.

Hadiliwna do pedakuyii 05.05.2016

BEMOMAPKEPbI 4191 OLLEHKU CTEMEHWU TAXECTU U OC/IOXHEHWUIA BHEFTOCNUTANIbHOM NHEBMOHUU

A.3. Makapesudy, O.C. OmenbaHeHKo-loHynanb, U. Xopocmoeckasa

Pestome

PaHHAA NPOrHOCTUYECKan OLEHKA C MOMOLLI0 KNMHUYECKOW LUKabl U NaHeAn BUOMAPKEPOB UMEET BaXKHOe 3HaYeHue A8 ONTu-
MMW3aLUW TaKTUKKN BELEHMS NALMEHTOB C BHEFOCNUTANbHOW NHeBMOHMel (BIM).

Lienb uccnepoBaHmua — oLEeHUTb MHGOPMATUBHOCTb HECKONIbKMX BUOMapKePOB (NpeacTaBAAOWMX Pa3iMyHble 3BEHbA NaToreHe-
3a) M TOPMOHOB LLMTOBUAHOM Kenesbl B cO4eTaHMM co WKanoi CURB-65, YTO6bl BbIACHUTL BO3MOMHOCTb MX UCMO/b30BaHNUA B K/U-
HUYECKOW NpaKTUKe ANA OLEHKM cTeneHu TaxecTu BITI, a TakxKe UX B3aMMOCBA3b C HeH1aronpuUATHBIMU KAMHUYECKMMUN UCXOLAMM.

Martepuanbl U metogbl. B ncciegoBaHue BKAOYEHO 62 6OMbHbLIX C BepuduumposaHHoi BTl (knacc TaxkecTu 2-5 no wkane
CURB-65), KOoTopbiM M3mepsaancb yposHu C-peakTtmsHoro npoteuHa (CPM), npokanbumtoHmHa (MKT), D-gumepa (D-4), KonenTuHa
(KN), agpeHomeaynnmHa (ALM) 1 ropmMOHOB WMTOBMAHOI Xenesbl (cBoboaHoro TpuitoaTMpoHuHa (c8T,), cBobogHoro TeTpaioaTy-
poHuHa (c8T,) M TMpeoTponHoro ropmoHa (TTT)).

Pe3ynbratbl. YBenMueHne cteneHn Taxectu BITI u KonnyecTBa cnyyaeB BHYTPUTOCMIUTANAbHOM CMepPTHOCTU (BIC) 6binn cBA3aHbI
C NOBbIWEHHbIMK YPOBHAMMK Bromapkepos nHbekumoHHoro Bocnanenua (CPM, MKT), HapyweHus cBepTbiBaHUA Kposu (D-4) u co-
cyaucToro ToHyca (KM, AOM). Y ymeplumnx 60nbHbIX ¢ BITl pernctprpoBanmck 3HauntenbHo 6osiee Bbicokue 3HaveHnua CPI, KNT, D-4
1 KN, 4yem y BbKMBWMKX. CTAaTUCTUYECKM 3HAYMMOe noBbiweHne ypoBHen MKT n D-4 BbIABNEHO Yy NALMEHTOB, HYXKAJIOWMUXCA B Ba-
3onpeccopHoi noaaep:kke (B3M), no cpaBHeHWO ¢ 6ONBbHBIMU CO CTabWUNbHON remoanHamuKoi (B 10 1 2,1 pa3a cOOTBETCTBEHHO).
Mpw nocTynaeHun B otaeneHne nHTeHcusHol Tepanuun (OUT) y naumeHTos nokasatenun CPI, MKT 1 D-g A4oCcTOBEPHO KOppennposanm
¢ HeobxoaumocTblo B3M (r=0,39; 0,74 1 0,54) n BIC (r=0,38; 0,72 1 0,48). OTMeYeHa CTaTUCTMYECKM 3HAYMMan B3aMMOCBSA3b MEXKIY
yposHamu KM, AAM u npogonxkutenbHocTbio npebbisaHua 8 OUT (r=0,43; 0,91), KN 1 HeobxogumocTbto B3M (r=0,54). YposHu c8T
1 cBT, 6bINN 3HAUNTE/IBHO HUKE B rPYMNax NaLyMeHTOB C HETAXKeNOoM 1 Taxenoi BIT (Ha 12% u 23%) no cpaBHEHMIO C KOHTPONbHOM
rPYnnow, a Tak»Ke y NaLMEeHTOB, HYXXAAMOLWMXCA B MEXaHUYECKON MHBA3UBHOW BeHTUAAUMK nerkux (MUBJT). BbiasneHa goctoBepHas
CBA3b MEXAY NOoKasaTensamu cBT, 1 cTeNeHbio TAXKecTn BIT (r=-0,55), csT, n BI'C (r=—0,44), a TaKk:Ke mexay ceT,, TTTn notpebHoCTbIO
8 MUBA (r= —0,47; r=0,37 cOOTBETCTBEHHO). Pa3BuTme cMHApPOMa NCeBAODYHKLUMN LLIUTOBUAHOM Kenesbl 06HapyKeHo y 42% 3Tux
nauuenTos ¢ BITI.

BbiBogbl. [laHHas naHenb 6oMapKepoB M Hannume AUCHYHKUUU LWUTOBUAHOM Kenesbl MOryT ObITb MCNO/Ib30BaHbI 414 aeKBaT-
HOW oueHKM TaxecTu BITl. Mbl 06HapyKMAKM TECHYIO B3aUMOCBA3b MEXAY 3TOM NaHe b0 BUOMapKepoB U HeKOTOpbIMKU Hebaaronpu-
ATHBIMU KIMHUYECKMMWN UCXOAaMM.

KntoueBble cnoBa: BHEOONbHWYHAA NMHEBMOHUA, BUOMapKepbl, C-peakTUBHbIM BeNoK, NPOKaNbUUTOHMH, D-aumep, KonentuH
1N FOPMOHbI LMTOBUAHOM Kenesbl.
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