218 Original article
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To evaluate the plasma procalcitonin (PCT) levels estimated at the time of (DO) and
4 days (D4) after the diagnosis of ventilator-associated pneumonia (VAP) as a
predictor for mortality.

Patients and methods

VAP was diagnosed when pneumonia developed after 48 h of mechanical ventilation.
Patients were evaluated clinically using the APACHE Il score and septic status was
graded according to Bone's criteria. Blood samples were obtained DO and D4 for the
estimation of plasma PCT levels. Patients were categorized into two groups:! survivors,
that is, patients discharged through or at the end of 28 days (day 28), and

nonsurvivors. Clinical data, plasma PCT levels and the D4/DO ratio were analyzed as
predictors for mortality.

Results

The study included 40 patients, but 15 patients died, yielding a mortality rate of 37.5%.
The mean duration of mechanical ventilation before DO (day of VAP diagnosis) was
5+ 1.5 days; 29 patients developed early VAP, whereas 11 patients developed late
VAP. The mean DO and D4 plasma PCT levels were significantly higher in all the
patients compared with the control levels. The mean D4 plasma PCT levels were
significantly higher in all the patients studied and in the patients categorized according
to outcome compared with DO levels and in nonsurvivors compared with survivors. The
mean DO/D4 ratio of PCT plasma levels was significantly higher in nonsurvivors
compared with survivors. Receiver operating characleristic curve analysis defined the
D4/DO0 plasma PCT ratio and severity of sepsis as significant predictors for mortality,
but the difference was more significant for the D4/D0 ratio.

Conclusion

VAP is associated with a high mortality rate and estimated levels of plasma PCT were
significantly higher in nonsurvivors despite treatment compared with survivors. A high
D4/DO ratio of plasma PCT levels was found to be a highly specific predictor of
mortality among VAP patients.
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Introduction

Plasma procalcitonin (PCT), the precursor molecule of
calcitonin, is a 116-amino acid, 13 kDa peptide that has
no known hormonal activity. PCT is produced in the C
cells of the thyroid gland and normally all PCT is cleaved
intracellularly into calcitonin, katacalcin, and an N-
terminal residue and none is released into the blood
stream. In humans, the serum levels of PCT are very low
in healthy individuals; however, the serum levels increase
during bacterial infections, but not during viral infections
or inflammatory reactions of noninfectious origins.
Current PCT assays are rapid, specific, and have
sufficient sensitivity to detect increases in PCT serum
levels within 4—6h of the initiation of infection.
Clinically, PCT levels may aid decisions on the need for

cmpirical antibiotic therapy, ‘source control’ of infection,
and the duration of antibiotic therapy [1-3].

Ventilator-associated pneumonia  (VAP) is defined as
pneumonia that develops more than 48h after endotra-
cheal intubation and the initiation of mechanical ventila-
tion. When a clinical diagnosis of VAP is suggested by a
new or a progressive pulmonary infiltrate associated with
fever, an increased white blood cell count, and purulent
tracheobronchial secretion, effores directed roward the
establishment of a microbial diagnosis of VAP by invasive
or noninvasive techniques are justified [4].

The diagnosis of VAP remains controversial; different
approaches have been advocated, but none has been
shown to be superior. Moreover, it remains unclear and
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debated whether the type of culture (quantitative or
nonquantitative) or the sampling method (invasive or
noninvasive) influences the etiological diagnosis or out-
comes in VAP, It is unlikely that any single approach is
the optimal diagnostic assessment whenever VAP is
suspected [5,6].

Several previous studies have defined the estimation of
plasma PCT levels as an early prognostic marker for
patients with secptic complications after major surgical
procedures, major burns, multiple trauma, and at medical
or surgical ICU. Morcover, PCT has been found to be
useful compared with various other clinical and laboratory
parameters for the estimation of sepsis-related mortal-
ity [7-11].

However, despite the proved prognostic validity of PCT,
the timing of estimation is a matter of debate; Luyt
et al. [12] assessed the utility of the daily monitoring of
‘PCT in addition to a clinical evaluation during the carly
management of sepsis and found the PCT kinetics
between D2 and D3 to be significantly different. Thus,
the present study was designed to evaluate the prognostic
yield of the estimation of plasma PCT at day 0 and on the
fourth day after the diagnosis of VAP

Patients and methods

All patients admitted to the ICU at Benha University
hospital and suspected to have VAP were included in the
study after obtaining a written fully informed consent
signed by the patients’ closest relative. The diagnosis of
pneumonia was suspected when a patient developed a
new and persistent radiographic infiltrate in association
with cither body temperature above 38°C or less than
36°C; white blood cells of at least 11 x 10°/1 or up to
4% 10°1; andfor a macroscopically purulent tracheal
aspirate [13]. VAP was diagnosed if pneumonic infiltrates
appeared 48 h after the initiation of mechanical ventila-
tion in a patient whose chest radiography was free before
the initiation of mechanical ventilation and was consid-
ered early onset when it occurred during the first 4 days
of mechanical ventilation [14].

Patients were evaluated clinically using the APACHE 11
score [15] and their septic status was assessed according
to Bone's criteria [16] for the presence of systemic
inflammatory response syndrome, sepsis, severe sepsis, or
septic shock. A chest X-ray scan and routine laboratory
investigations including arterial blood gases, complete
blood count, and renal and liver function tests were
performed. Sterile endotracheal aspirate was obtained on
the day of diagnosis (D0) and on the third day after the
diagnosis, and then obtained weekly. Venous blood
samples were collected before the initiation of antimi-
crobial therapy for blood culture.

Twwo venous blood samples were collected in EDTA-
-containing tubes under complete aseptic conditions, the
first on DO (day of VAP diagnosis) and the second on D4
(4 days after the preliminary diagnosis of VAP), for the

estimation of PCT using a competitive radioimmunoassay
method [17].

All the patients enrolled received empirical antimicrobial
therapy on D0 to be moditied according to the results of
the aspirate and blood cultures. Mechanical ventilation,
physiotherapy, and airway management were performed
according to feasibility. Patients were caregorized accord-
ing to progress into two groups: survivors, that is patients
who were discharged within or at the end of 28 days after
developing VAP, and nonsurvivors, that is patients who
died within 28 days after developing VAP,

Statistical analysis

The data obtained were presented as mean = SD, ranges,
numbers, and ratios. The results were analyzed using the
1>-test, a paired /~test for intergroup comparisons, and the
Wilcoxon signed ranks test for berween-group compar-
isons. The receiver operating characteristic (ROC) curve
analysis on the basis of the area under the curve (AUC)
was used to evaluate various parameters, namely, age, sex,
severity of sepsis, the APACHE II score at admission,
ICU stay before the development of VAP, time until the
development of VAP, plasma PCT at D0 and D4, and D4/
DO PCT plasma levels ratio, as predictors for mortality
throughout 28 days of ICU stay after the diagnosis of VAP,
All reported AUC were compared versus the null
hypothesis (true area = 0.5) that the evaluated parameter
was diagnostic and specific if the AUC was significantly
different compared with the actual area. Sratistical
analysis was carried out using the SPSS (version 10,
2002, Apache Software Foundation, USA) for Windows
statistical package. A P wvalue less than 0.05 was
considered statistically significant.

Results

Throughout the study period, 40 patients, 27 men, and 13
women, fulfilled the inclusion criteria and were enrolled in
the study. "Fiventy-one patients (52.5%) were admitted to
ICU for medical causes, 12 patients (30%) required
postoperative admission to ICU, and the other scven
patients (17.5%) had multiple trauma that necessitated
immediate transfer to ICU for resuscitation and required
mechanical ventilation. Associated medical comorbidities
were reported in 17 patients (42.5%). Twelve patients
(30%) had systemic inflammatory response syndrome, 23
patients (57.5%) had sepsis, which was severe in eight
patients (20%), and five patients (12.5%) had septic shock.
At the end of the follow-up period (28 days after the
diagnosis of VAP), 15 patients died, yielding a mortality
rate of 37.5%, whereas 18 patients were discharged from
the ICU within the observation period and seven patients
were still alive at the end of the observation period,
yielding a survival rate of 62.5%. There was a nonsignificant
difference between survivors and nonsurvivors in terms of
the above-mentioned data (Table 1).

The mean APACHE II score at admission was 15.1 + 2.2
(12-19) and was significantly higher in nonsurvivors
(16.3 £2.3) compared with survivors (14.4 = 1.8). All
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Table 1 Estimated plasma levels of PCT (ng/ml) at DO and D4
after the start of treatment of VAP categorized according to the
outcome and compared with the control levels

DO plasma level D4 plasma level D4/DO ratio
Control 0.451+0.155
Patients

Total

Mean £ SD 1.16+0.42 2941216 2.8+257
Statistical analysis

& 5.443 5.511

Py <0.001 <<0.001

t 5.313

Py <0.001
Survivors

Mean+SD 1.18+0.39 1.8+0.987 1.64+0.72
Statistical analysis

& 4.157 4.373

P, <0.001 <0.001

T 3.594

Py =0.001
Nonsurvivors

Mean+SD 1.131+0.48 4.83+2.29 484+318
Statistical analysis

z 2.982 3.408

Py =0.003 =0.001

t 6.539

Py <0.001

Z 1.363 3.124 3.408

Py >0.05 =0.002 =0.001

Py, significance versus control levels; Py, significance versus DO levels;
P, significance versus survivors' levels.
PCT, plasma procalcitonin; VAP, ventilator-associated pneumonia.

patients, except those who had renal failure, were urinary
catheterized and 17 patients received central venous
catheterization. The mean duration of mechanical
ventilation before the development of VAP was 5+ I:5;
range 3-8 days. Four patients underwent tracheostomy; in
two patients, a nasotracheal tube was used and in 34
patients an orotracheal tube was used. There was a
nonsignificant difference between survivors and nonsur-
vivors in terms of these dara.

Twenty-nine paticnts (72.5%) developed early VAP after
a mean duration of mechanical ventilation of 3+£0.8,
range 2—4 days; the other 11 patients (27.5%) developed
late VAP after a mean duration of mechanical ventilation
of 6.9 % 1, range 5-8 days. Eighteen survivors had early
and seven had late VAP, whereas 11 nonsurvivors had
carly and four had late VAP. There was a nonsignificant
difference between survivors and nonsurvivors in terms of
the type of VAP

The mean PCT plasma levels estimated at both DO and
D4 were significantly higher in all the studied patients
compared with the control level and in patients categorized
according to outcome, with a nonsignificant differcnce
between survivors and nonsurvivors. Compared with the
D0 PCT plasma levels, the mean plasma PCT levels
estimated at D4 were significantly higher in all the studied
paticnts and in patients categorized according to outcome.
Furthermore, the mean PCT plasma levels estimated at D4
were significantly (P3;<0.001) higher in nonsurvivors
compared with the levels estimared in survivors. The
mean 10/D4 ratio of the PCT plasma levels of the studied
patients was significantly higher in nonsurvivors compared
with survivors (Table 1, Fig. 1).
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Mean plasma PCT levels estimated at DO and D4 in VAP patients
categorized according to outcome with respect to the D4/D0 ratio.
PCT, plasma procalcitonin; VAP, ventilator-associated pneumonia.

The receiver operating characteristic curve analysis
defined the D4/D0 plasma PCT ratio and severity of
sepsis as the significant predicrors for mortality, whereas
the other parameters showed a nonsignificant difference
versus the null hypothesis. Moreover, the D4/D0 ratio
showed a more significant difference versus the null
hypothesis compared with the severity of sepsis, and can
thus be considered as the most specific independent
predictor for mortality of the patients who developed
VAP (Table 2, Fig. 2).

Discussion

Forty mechanically ventilated patients who developed
VAP during their stay in the ICU, 28 patients had early
VAP and 12 patients had late VAP, and during the 28-day
follow-up, 15 patients died, vielding a mortality rate of
37.5%, irrespective of the cause or the duration of ICU
stay before they developed VAP These data are in
agreement with those of Chastre and Fagon [18], who
reported that the mortality race for VAP ranges from 24 to
50% and can reach 76% in specific setrings or when lung
infection is caused by high-risk pathogens, and those of
Nseir ez al. [19] and Uno er a/. [20], who reported that
VAP was associated with a longer duration of mechanical
ventilation and ICU stay and an increased ICU mortality
rate of COPD and hemodialysis patients, respectively.
Recently, Zilberberg er @/, [21] reported, in a base case
analysis, a VAP-actriburable moreality rate of 38.4%, and
Al-Tawfiq and Abed [22] reported that VAP increases the
in-hospital mortality of ventilated patients to 46%
compared with 32% for ventilated patients who do not
develop VAP,

The mean PCT plasma levels estimated at DO were
significantly higher in VAP patients, irrespective of the
outcome, which indicates that plasma PCT was clevated
in response to the presence of infection, and its detection
on the first day of diagnosis implies that it could be used
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95% confidence interval

AAC SE P Lower Upper
D4/D0 plasma PCT ratio 0.933 0.037 <0.001* 0.860 1.006
Severity of sepsis 0.683 0.091 =0.036* 0504 0.861
APACHE Il score 0.544 0.097 >0.05 0.353 0.735
D4 plasma PCT level 0.633 0.095 >0.06 0.347 0.720
Age 0.476 0.087 >0.05 0.285 0.667
Time till development of VAP 0.464 0.095 >0.05 0.277 0.651
Sex 0.440 0.096 >0.05 0.253 0.627
DO plasma PCT level 0.429 0.099 >0.06 0.238 0.623

AUC, area under curve; PCT, plasma procalcitonin; ROC, receiver operating characteristic; VAP, ventilator-associated pneumonia.

*Significant versus the null hypothesis.
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ROC curve analysis of evaluated parameters as specific predictors of
mortality of VAP patients. ROC, receiver operating characteristic; VAP,
ventilator-associated pneumonia.

as a primary phase reactant to infection. These findings
were in agreement with those reported previously on the
diagnostic validity of the estimation of plasma PCT in
various infectious diseases in comparison with other
primary phase reactants. Aikawa er al [23] reported
significantly higher serum levels of PCT, endotoxin,
interleukin-6 (IL-6), and C-reactive protein (CRP) in
patients with bacterial infectious discases than in those
with nonbacterial infectious diseases, but PCT showed
higher discriminating power with higher AUC than other
parameters, Hirakata & @/ [24] found that the PCT level
might be more useful for the estimation of the severity of
community-acquired pneumonia than the CRP level at the
first visit. Recently, Haasper er #/. [25] reported that in the
development of sepsis, PCT was superior to I1-6, showing
significantly higher plasma levels in the group positive for
sepsisfrom the first day after trauma, and concluded that
serum levels of IL-6 and PCT may be useful in the early
[identification of patients at a high risk for developing post-
traumatic multiorgan dysfunction syndrome; however, for
sepsis, PCT is a better prognostic factor.

On the fourth day after the diagnosis of VAP, the mean
PCT plasma levels were significantly higher compared with

both the control levels and the DO levels; however, the
mean plasma PCT levels estimated at D4 were significantly
higher in nonsurvivors compared with survivors. The
progressive increasing plasma levels of PCT indicate the
progress of the inflammartory process. Estimation of plasma
PCT despite being higher in survivors compared to thier
DO levels, the plasma PCT levels in survivors being
significantly lower compared to non-survivors. These
findings are in agreement with the previously reported
data that serum markers, in particular procalcitonin,
represent a promising strategy in the clinical decision-
making process in patients in whom pneumonia is
suspected, and can be used to guide management and to
monitor the clinical course, adjust the duration of antibiotic
therapy, and idendfy nonresponders [3,26,27]. The re-
ported increased D4 levels compared with DO levels,
irrespective of the outcome, indicate the diagnostic value
of sequential estimation for monitoring of patients and are
in agreement with the study by Gibot er 2/ [28], which
emphasized the need for more than an estimation of PCT
and with the study by Ramirez e &/ [29], which found that
sequential measurements of PCOT showed the best
sensitivity and specificity (78 and 97%, respectively)
compared with CRP and clinical scoring for predicting
the outcome of VAP.

However, statistical analyses of the survival predictability
of single PCT estimation and clinical variables versus the
null hypothesis that true AUC = 0.5 defined only the
severity of scptic status as a significant prognostic
indicator for mortality and plasma PCT levels were
nonsignificant. Evaluation of the D4/D0 ratio as a
prognostic parameter versus the severity of septic status
indicated a high D4/D0 plasma PCT ratio as the most
specific predictor for the possibility of estimating high
mortality and showed AUC = 0.949, which was highly
significant (£<0.001) compared with the null hypoth-
esis, followed by the severity of sepsis, which showed
AUC = 0.683, which was significantly higher than
(P = 0.036) but lower than the D4/D0 ratio. These darta
showed that persistently elevated or clevating plasma
levels of PCT correlated with the septic state before the
development of VAP and indicated a poor prognosis.

VAP is associated with a high mortality rate irrespective of
its type, cause, or duration of ICU admission. Estimated
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levels of plasma PCT were significantdy higher in non-
survivors despite reatment compared with survivors, and a
high D4/D0 ratio of plasma PCT levels was found to be a
highly specific predictor of mortality among VAP patients.
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