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Abstract Anaesthesiol Intensive Ther 2026; 58: e30-e41
Background: Inflammatory responses induced by percutaneous dilatational tracheo-
stomy (PDT) are underexplored in critical patients. We examined trends in laboratory

values in patients after undergoing PDT and their association with mortality.
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Methods: An analysis of critical patients who underwent PDT was performed. Labora-
tory values were collected before PDT and at 24, 48, 72, and 96 hours after. Pre-PDT
values were divided into tertiles: Low, Medium, and High. Differences between survivors
and non-survivors were assessed using appropriate tests. The Aligned Rank Transform
(ART) test was used to analyze the tertile—time interaction by outcome. Post-hoc analy-
ses were conducted as necessary. Tertile-outcome associations were evaluated with
univariate and multivariate logistic regression, reporting odds ratios (OR) and 95% con-
fidence intervals (95% ClI). Survival differences for significant associations were analyzed
with the log-rank test. A P-value < 0.05 was considered significant.

Results: 114 patients who underwent PDT were included. ART demonstrated significant
interactions with monocytes and the Aggregate Index of Systemic Inflammation (AISI)
relating to outcomes. Monocytes in the Low tertile significantly increased over time
(P < 0.001). In multivariate analysis, patients in the Medium (OR: 0.323, 95% Cl:
0.101-0.937, P = 0.044) and High (OR: 0.287, 95% Cl: 0.087-0.847, P = 0.029) tertiles
had a lower probability of death compared with the Low tertile. AlSI trends in the Low,
Medium, and High tertiles were significant (all P < 0.05). The Low tertile consistently
increased over time (all pairwise P < 0.05). Multivariate regression indicated that high
AlSI was associated with outcomes (OR: 0.270, 95% Cl: 0.074-0.861, P = 0.034). Log-rank
tests for survival were not significant for monocytes or AlSI.
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Conclusions: Monocyte and AlSI trends after PDT may correlate with short-term morta-
lity. Routine hematologic indices can be useful for early risk assessment. Further studies
are needed to confirm these findings.
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Percutaneous dilatational tracheostomy (PDT) is
essential in the intensive care unit (ICU) for patients
struggling to wean from mechanical ventilation due
to severe illnesses such as brain trauma or cerebro-
vascular events [1, 2]. The bedside feasibility of PDT,
together with its favorable safety profile compared
to open surgical tracheostomy, has contributed to
its widespread adoption in the ICU setting [3, 4].

The optimal timing of PDT and its potential im-
pact on clinical outcomes, including mortality, ICU
length of stay (LOS), duration of sedation, and ven-

tilator-associated pneumonia (VAP) incidence, have
been a subject of ongoing debate in the literature.
However, recent meta-analyses have yielded con-
flicting results [5-71.

Although PDT is less invasive than surgical tra-
cheostomy [8], it may still trigger systemic inflam-
mation in critically ill patients, potentially affecting
outcomes. Notably, the role of the inflammatory re-
sponse following PDT has not been extensively in-
vestigated in the literature, and it cannot be exclud-
ed that such a response might represent a factor
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influencing clinical outcomes, beyond the timing
of the procedure.

Currently, the literature reports several indices,
such as the neutrophil-to-lymphocyte ratio (NLR),
the platelet-to-lymphocyte ratio (PLR), and the Sys-
temic Inflammation Response Index (SIRI), that are
capable of objectively assessing the inflammatory
response triggered by a stressful event [9-14]. These
hematologic indices represent the integrated output
of the complex interactions between systemic stress
and the effectiveness of the body’s homeostatic
mechanisms. By summarizing different components
of the innate and adaptive immune response, they
offer a comprehensive view of inflammatory bal-
ance. Neutrophil-based ratios reflect the magnitude
of the acute inflammatory reaction, whereas lympho-
cyte- and monocyte-related components provide in-
sight into immune competence and immune reserve.
Their major advantage lies in the fact that they are
easily derived from routine laboratory tests, without
additional costs, making them readily applicable in
daily clinical practice. When monitored over time,
these indices may help detect inadequate or dys-
regulated inflammatory responses, thereby identify-
ing patients undergoing PDT who are at higher risk
of complications or adverse outcomes. To date, no
studies have specifically explored the temporal evo-
lution of these indices in patients undergoing PDT.

This retrospective study aimed to assess chang-
es in inflammatory parameters in ICU patients un-
dergoing PDT. We investigated whether baseline
and post-procedural values of these biomarkers are
associated with mortality and whether their trends
are prognostic for this high-risk group.

METHODS

We retrospectively reviewed medical records
of ICU patients who underwent PDT between Janu-
ary 1, 2020, and June 10, 2024. All ICU admissions
were recorded using the ProSafe system, a project
supported by the Italian Group for the Evaluation
of Interventions in Intensive Care Medicine (GiViTI,
https://giviti.marionegri.it/). Data were extracted,
anonymized, and compiled in Excel. Consent for
scientific data use is part of the standard PDT con-
sent process. The study followed the International
Conference on Harmonisation Good Clinical Practice
guidelines and the 2008 Declaration of Helsinki pro-
visions. This manuscript was prepared in accordance
with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines for ob-
servational studies. In our ICU, clinical decisions for
PDT in oro-tracheal intubated patients were based
on two criteria: 1) difficulty weaning from mechani-
cal ventilation (three failures of the spontaneous
breathing trial); 2) prediction of prolonged LOS, as

seen in traumatic brain injury or cerebrovascular ac-
cidents.

Two experienced intensivists performed PDT un-
der sterile conditions using a Blue Rhino tracheo-
stomy set with a fiberoptic bronchoscope. In our ICU,
all mechanically ventilated patients receive conti-
nuous sedation from the time of orotracheal intuba-
tion, according to standardized protocols, typically
with propofol or midazolam in combination with
short-acting opioids such as remifentanil, titrated to
Richmond Agitation-Sedation Scale (RASS) targets
and ventilator synchrony. Prior to initiating the PDT
procedure, sedation was adjusted as needed to en-
sure RASS-5, and all patients additionally received
rocuronium according to the unit protocol.

Data collected at ICU admission included demo-
graphics, comorbidities, source and reason for ICU
stay, pre-ICU procedures, sepsis or trauma at entry,
ICU LOS, and survival. To stratify patients’ clinical
conditions, we calculated the Charlson Comorbid-
ity Index (CCl), Sequential Organ Failure Assessment
(SOFA) Score, and Glasgow Coma Scale (GCS). We
reported the day from ICU admission to PDT and
the LOS from PDT to ICU discharge. PDT timing was
categorized as early (< 7 days), intermediate (8-14),
or late (> 14).

Venous blood was sampled daily at 6-8 am.
Laboratory values were collected at baseline (pre-
PDT) and 24, 48, 72, and 96 hours after. In cases
of multiple daily values, the mean was used. Using
laboratory data, we computed the following indices:
NLR [10], PLR [13], monocyte-to-lymphocyte ratio
(MLR) [9], SIRI [11], Systemic Immune-Inflammation
Index (SII) [12], and Aggregate Index of Systemic
Inflammation (AISI) [14]. Supplementary File 1 (Sec-
tion 1) provides details for all variables collected.

Exclusion criteria were: age < 18 years old,
COVID-19 and H,N, influenza, time from in-hospital
to ICU admission > 0 days, PDT performed within
2 days from ICU admission, and post-PDT LOS in
ICU < 3 days. Then, we evaluated missing data (MD).
MD were considered as missing completely at ran-
dom, and observations were deleted.

The local ethics committee (Campania 2) ap-
proved the study (ID 2025/8030), waiving informed
consent.

Statistical analyses

Statistical analyses were performed using
R-Studio (version 2024, Posit Software). Categorical
variables were reported as absolute numbers and
percentages (%). Continuous data were assessed for
normal distribution using the Shapiro-Wilk test. Nor-
mally distributed continuous data were expressed
as mean = standard deviation, while non-normally
distributed data were expressed as the median and
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first-third quartile (Q,-Q,). Laboratory values and - e — Exclusion criteria:

. . . . . . s ecords identified o
index variables at Time, were divided into tertiles, |2 from T* January 2020 ~ Age < 18 years-old: n =4
and the groups were labeled as “Low,"“Medium,” | & t0 10" June 2024: + COVID-19/H,N, pneumonia: n =4
and “High” To compare survivors and non-survivors, |2 n=176 - Time from in-hospital to
we used the y” test for categorical variables, and Stu- — ICU.agngislli?:i:zO ddaysf:rn: 46
dent’s t-test (or Welch's t-test in the case of heterosce- IcU admission?f:z
dasticity) for normally distributed continuous data. - LOS post-PDT < 3 days: n = 15
Non-normally distributed data were analyzed with

the Mann-Whitney U test. Time trends were assessed [ | v Records with missing data:
using analysis of variance (ANOVA) for repeated mea- Records screened: *BMI:n=0

sures or the Friedman test. When significant, pairwise n=121 -GGSin=2
comparisons were performed using paired t-tests or . ICSlJOIF_gSnn:=33
Wilcoxon signed-rank tests, with false discovery rate v :

correction. Time  served as the reference point.

To analyze the difference between tertiles over
time, we performed two-way ANOVA for repeated
measures or, in the case of skewed data, the Aligned
Rank Transform (ART) method. Post-hoc analyses
were conducted according to the results (see Sup-
plementary File 1, Section 2). Mortality differences
among tertiles were assessed using the y” test. We
then performed univariate and multivariate logistic
regression, adjusting for CCl and SOFA due to their
prognostic relevance [15]. Results were reported as
odds ratios (OR) with 95% confidence intervals (95%
Cl). For significant associations, Kaplan-Meier (KM)
curves were generated using post-PDT days, and sur-
vival differences were tested with the log-rank test.

Results were reported in tables and plots. All
tests were performed with a = 0.05, and a P-value
< 0.05 was considered significant.

RESULTS

From 1*t January 2020 to 10*" June 2024, 1211
patients were admitted to the ICU, of whom 176
(14.5%) underwent PDT. After applying exclusion
criteria and deleting MD, we included 114 patients
(Figure 1). Baseline characteristics are summarized
in Table 1. Briefly, 73 patients (64.0%) were male,
with a median age of 59.5 years (Q,-Q, 49.0-68.7)
and a median body mass index (BMI) of 26.2 kg m~2
(Q,-Q, 24.7-29.4). Thirty-nine patients (34.2%) were
transferred from other hospitals, and 80 patients
(70.2%) were previously admitted to the emergen-
cy department. The median ICU LOS was 42.5 days
(Q,-Q, 27.20-60.0), with an ICU survival rate of 76.3%
(87 patients). The most common comorbidities were
hypertension (82 patients, 71.9%), obesity (25 pa-
tients, 21.9%), and COPD (14 patients, 12.3%). The me-
dian CCl was 2.0 points (Q,-Q, 1.0-3.7), and the me-
dian SOFA and GCS scores at ICU admission were
10.0 points (Q,-Q, 7.0-12.0) and 5.0 (Q,-Q, 4.0-6.0),
respectively. Trauma was the reason for ICU admis-
sion in 29.8% of cases (34 patients), while infection
was present at admission in 4.4% (five patients). Neu-
rosurgical procedures had been performed prior to
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Records included:
n=114

| Included ||Screening

BMI — body mass index, GCS — Glasgow Coma Scale, ICU — intensive care unit, LOS — length of stay, PDT — percutaneous

dilatational tracheostomy, SOFA — Sequential Organ Failure Assessment

FIGURE 1. Flowchart for patient selection

ICU admission in 47.4% of patients (55 patients),
and 24.6% underwent neuroradiological interven-
tions (28 patients). All PDTs were complication-free.
The median time from ICU admission to PDT was
14.0 days (Q,-Q, 10.2-19.0). Early, intermediate, and
late PDT were performed, respectively, in 15 (13.1%),
44 (38.6%), and 55 patients (48.2%). The median
post-PDT LOS was 27.0 days (Q,-Q, 14.0-44.0).

Table 2 compares survivors and non-survivors.
Non-survivors were older (63.0 vs. 59.0 years) and
had a higher BMI (27.5 vs. 26.1 kg m2) and a greater
comorbidity burden (CCI 3.0 vs. 2.0; all P < 0.001).
Trauma was more frequent in survivors (35.6% vs.
11.1%, P = 0.028), while infection at admission was
higher in non-survivors (14.8% vs. 1.1%, P = 0.013).
SOFA and GCS medians were similar, but distribu-
tions differed significantly (both P < 0.001). Tim-
ing of PDT differed slightly between groups, with
a longer delay observed in non-survivors (median
15.0 vs. 14.0 days, P < 0.001) and a shorter post-
PDT ICU stay (22.0 vs. 28.0 days, P < 0.001). At base-
line (Time,), non-survivors had significantly lower
values of total white blood cells (WBC), neutro-
phils, lymphocytes, monocytes, hemoglobin (Hb),
and platelets (all P < 0.001). Regarding derived in-
dices, the non-survivor group showed higher NLR
(median 8.8 vs. 7.9, P < 0.001) but lower PLR, MLR,
SIRI, S, and AlSI (all P < 0.001). Significant temporal
variations were observed for several variables (see
Supplementary File 1, Section 3.1). Specifically, WBC
(P=0.002), neutrophils (P = 0.005), platelets (P =0.004),
NLR (P = 0.046), MLR (P = 0.027), SIRI (P = 0.013),
and AISI (P = 0.039) showed statistically significant
changes over time. No significant trends were found
for lymphocytes, Hb, PLR, or SII.
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TABLE 1. Main population characteristics (n = 114)

Variable Result Min—max
Sex, male (%) 73 (64.0) -
Age (years) 59.5 (49.0-68.7) 18.0-82.0
BMI (kg m~2) 26.2 (24.7-29.4) 19.5-58.8
Admission from other hospital (%) 39(34.2) -
Ward
Emergency (%) 80(70.2) -
Surgery (%) 27(23.7) -
Other (%) 7(6.1) -
LOS (days) 42.5 (27.2-60.0) 12.0-123.0
Survival (%) 87(76.3) -
Comorbidities
Charlson Comorbidity Index (points) 2.0(1.0-3.7) 0.0-9.0
Hypertension (%) 82(71.9) -
Obesity (%) 25(21.9) -
COPD (%) 14(12.3) -
Cerebrovascular accident (%) 13(11.4) -
Diabetes (%) 11(9.6) -
Congestive heart failure (%) 8(7.0) -
Solid neoplasia (%) 7(6.1) -
Arrhythmia (%) 5(4.4) -
Dementia (%) 4(3.5) -
Myocardial infarction (%) 4(3.5) -
Hemiplegia (%) 4(3.5) -
Alcohol/drug addiction (%) 4(3.5) -
Asthma (%) 2(1.7) -
Chronic kidney disease (%) 2(1.7) -
Peripheral vascular disease (%) 1(0.9) -
Connective disease (%) 1(0.9) -
Peptic ulcer (%) 1(0.9) -
Clinical condition on admission
SOFA (points) 10.0 (7.0-12.0) 3.0-19.0
GCS (points) 5.0 (4.0-6.0) 3.0-15.0
Trauma (%) 34(29.8) -
Infection on admission (%) 5(4.4) -
Surgical procedure
None (%) 48 (42.1) -
Neurosurgery (%) 55 (47.4) -
Other (%) 12(10.5) -
Non-surgical procedure
None (%) 80(70.2) -
Neuroradiological (%) 28 (24.6) -
Other (%) 6(5.3) -

Pairwise comparisons revealed that WBC in-
creased from Time, (median 10.7 x 10° units mL™") to

platelets increased from Time, (median 280.5 x 10°
units mL™) to Post,, (median 289.5 x 10° units mL™",
Post,, (median 11.1 X 10° units mL™", P=0.044),and P = 0.041), Post_, (median 294.0 x 10* units mL™",
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TABLE 1. Cont.

e | tet | Mina |

PDT timing

Time from ICU admission to PDT (days) | 140(10.2-19.0) | 3.0-41.0
PDT timing

Early (%) 15(13.1) -

Intermediate (%) 44 (38.6) -

Late (%) 55(48.2) -
Post-PDT LOS (days) 27.0 (14.0-44.0) 4.0-113.0

Baseline laboratory values and indices

WBC (10° units/ml) 10.7 (8.5-13.6) 5.1-30.8
Neutrophils (10% units/ml) 8.5(6.8—10.9) 3.3-26.3
Lymphocytes (units/ml) 1030 (776-1387) 340-3330
Monocytes (units/ml) 680 (512—-880) 60-2340
Hemoglobin (g/dl) 9.2 (8.8-10.0) 7.5-133
Platelets (10° units/ml) 280.5(201.2—-382.1) 64.0-725.0
NLR 8.2(5.9-12.2) 2.6-59.1
PLR 275.4(191.9-400.3) 43.5-867.4
MLR 0.69 (0.50-0.93) 0.06-2.15
SIRI 5.5(3.4-9.1) 0.9-43.1
NI 2346.7 (1648.2—3595.3) 461.1-16150.5
AlSI 1626.6 (1027.3-3034.0) 248.9-13485.7

Categorical variables are reported as absolute number and percentage (%). Continuous variables are reported as median, first and third quartile (Q,~Q,) distribution, minimal (Min) and maximal

(Max) values.

AISI — Aggregate Index of Systemic Inflammation, BMI — body mass index, CCl — Charlson Comorbidity Index, GCS — Glasgow Coma Scale, ICU — intensive care unit, LOS — length of stay,
MLR — monocyte-to-lymphocyte ratio, NLR — neutrophil-to-lymphocyte ratio, PDT — percutaneous dilatational tracheostomy, PLR — platelet-to-lymphocyte ratio, SII — Systemic Immune-
Inflammation Index, SIRI — Systemic Inflammation Response Index, SOFA — Sequential Organ Failure Assessment, WBC — white blood cells

P=0.032), and Post,, (median 307.4 x 10° units mL™",
P =0.036). AlSI (Time, median 1626.6) rose signifi-
cantly at Post,, (median 1694.7, P = 0.024). Pairwise
differences for NLR, MLR, and SIRI lost significance
after correction.

Supplementary File 1 (Section 3.2) provides a de-
tailed description of the results. Only monocytes and
AlSI showed significant tertile—time interactions as-
sociated with outcomes (Table 3). For monocytes
(Figure 2A), post-hoc analysis with the Friedman
test showed that only trends in the Low tertile
(x*=32.600, df = 4, P < 0.001) were statistically
significant. The pairwise analysis reported a statis-
tically significant difference from Time, for all con-
secutive times (paired W test P < 0.001), suggesting
a constant increase over time. Mortality rates were
higher in the Low group (36.8%, 14 patients), but
not statistically significantly (x*>= 5.534, P = 0.063).
In the univariate logistic regression analysis, patients
in the High tertile showed a reduced death prob-
ability compared to Low tertiles (OR: 0.321, 95% Cl:
0.302-0.925, P = 0.042). In the multivariate model,
Medium (OR: 0.323, 95% Cl: 0.101-0.937, P = 0.044)
and High (OR: 0.287, 95% Cl: 0.087-0.847, P = 0.029)
tertiles showed a reduced death probability com-

e34

pared to the Low tertile. The 30-day survival prob-
abilities were 71.0% (95% Cl: 55.6-90.6%) for Low,
87.1% (95% Cl: 76.0-99.9%) for Medium, and 92.1%
(95% Cl: 83.9-100.0%) for High. The median sur-
vival times could not be determined for any group,
as less than 50% of patients experienced the event
within the study period. The log-rank test indicated
no significant difference in survival curves among
tertiles (2= 5.600, df = 2, P=0.061, Figure 3A). For
AlISI (Figure 2B), post-hoc analysis with the Friedman
test showed that trends in Low (y2= 22.600, df = 4,
P < 0.001), Medium (x2=11.900, df =4, P=0.018),
and High (y 2=20.700, df = 4, P < 0.001) tertiles were
statistically significant. The Low tertile had a con-
sistent increase, with significant pairwise changes
(paired W test P < 0.05). In the Medium tertile, only
the difference between Time  and Post,, was sig-
nificant (paired W test P = 0.006). In the High tertile,
a significant difference was observed only between
Time, and Post , (paired W test P = 0.042). Death
rates in tertiles were 31.6% (12 patients) in the Low,
26.3% (10 patients) in the Medium, and 13.1%
(5 patients) in the High tertile. However, mortality rates
were not statistically significant (y*=3.785,P=0.151).
In the multivariate logistic regression analysis, High
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TABLE 2. Statistical comparisons of survivors vs. non-survivors

Variable Survivors (n = 87) Non-survivors (n = 27) P-value
Sex, male (%) 56 (64.4%) 17 (63.0%) 1.000
Age (years) 59.0 (47.5-67.0) 63.0 (54.5-69.5) <0.001
BMI (kg/m?) 26.1(24.2-29.4) 27.5(25.6-30.8) < 0.001
Admission from other hospital (%) 33(37.9) 6(22.2) 0.204
Ward
Emergency (%) 62(71.2) 18 (66.7) 0.891
Surgery (%) 20(23.0) 2(25.9)
Other (%) 5(5.7) 7(7.4)
LOS (days) 43.0(27.0-71.5) 42.0(28.0-71.5) < 0.001
Comorbidities
Charlson Comorbidity Index (points) 2.0(0.0-3.0) 3.0(1.0-4.0) <0.001
Hypertension (%) 60 (69.0) 22 (81.5) 0.308
Obesity (%) 17 (19.5) 8(29.6) 0.212
COPD (%) 11(12.6) 3(11.1) 1.000
Cerebrovascular accident (%) 9(10.3) 4(14.8) 0.770
Diabetes (%) 7(8.0) 4(14.8) 0.504
Congestive heart failure (%) 7(8.0) 1(3.7) 0.733
Solid neoplasia (%) 7(8.0) 0(0.0) 0.288
Arrhythmia (%) 3(3.4) 2(7.4) 0.734
Dementia (%) 2(23) 2(7.4) 0.508
Myocardial infarction (%) 2(23) 2(7.4) 0.508
Hemiplegia (%) 3(3.4) 1(3.7) 1.000
Alcohol/drug addiction (%) 3(3.4) 13.7) 1.000
Asthma (%) 2(23) 0(0.0) 1.000
Chronic kidney disease (%) 1(1.1) 1(3.7) 0.965
Peripheral vascular disease (%) 1(1.7) 0(0.0) 1.000
Connective disease (%) 1(1.1) 0(0.0) 1.000
Peptic ulcer (%) 0(0.0) 1(3.7) 0.534
Clinical condition on admission
SOFA (points) 10.0(7.0-12.0) 10.0 (7.5-13.0) < 0.001
GCS (points) 5.0 (4.0-6.0) 5.0 (4.0-6.0) < 0.001
Trauma (%) 31(35.6) 3(11.1) 0.028
Infection on admission (%) 1(1.7) 4(14.8) 0.013
Surgical procedure
None (%) 35(40.2) 13 (48.1) 0.724
Neurosurgery (%) 49 (49.4) 11(40.7)
Other (%) 9(10.3) 3(11.1)
Non-surgical procedure
None (%) 64 (73.6) 16 (59.2) 0.364
Neuroradiological (%) 19(21.8) 9(33.3)
Other (%) 4(4.6) 2(7.4)

tertile (OR 0.270, 95% Cl: 0.074-0.861, P = 0.034)
was related to the outcome, but not in the uni-
variate analysis (OR 0.328, 95% Cl: 0.094-1.005,
P =0.060). The 30-day survival probabilities were

77.7% (95% Cl: 64.3-93.7%) for the Low, 83.9%
(95% Cl: 71.7-98.2%) for the Medium, and 90.5%
(95% Cl: 80.5-100.0%) for the High tertile. The median
survival times could not be determined for any group,

e35



Antonio Romanelli, Antonella Langone, Alessandro Calicchio, Salvatore Palmese, Nicola Anselmi, Alessio Galardo, Ludovica lovine, et al.

TABLE 2. Cont.

PDT timing

Time from ICU admission to PDT (days) | 140 (10.5-18.5) | 15.0 (10.5-20.5) | <000
PDT timing

Early (%) 10(11.5) 5(18.5) 0.268

Intermediate (%) 37 (42.5) 7(25.9)

Late (%) 40 (46.0) 15 (55.5)
Post-PDT LOS (days) 28.0 (14.0-42.5) 22.0(13.5-51.0) < 0.001

Baseline (pre,,, ) laboratory values and indices

White blood cells (10° units/ml) 10.9(8.6—13.7) 9.6 (7.5-13.3) <0.001
Neutrophils (10% units/ml) 8.9 (6.9-10.9) 8.1(6.0-10.9) <0.001
Lymphocytes (units/ml) 1060 (790-1365) 930 (760—1400) <0.001
Monocytes (units/ml) 705 (530-902) 535 (440-790) <0.001
Hemoglobin (g/dl) 9.3(8.8-10.1) 9.0(8.7-9.9) < 0.001
PLT (103 units/ml) 286.0 (208.2—-400.5) 236.0 (184.5-305.0) <0.001
NLR 7.9(5.8-12.3) 8.8(6.8—-11.5) < 0.001
PLR 280.2 (204.5-429.3) 238.7 (154.1-363.0) < 0.001
MLR 0.71(0.52—-0.96) 0.57 (0.46—0.74) < 0.001
SIRI 5.9(3.7-9.4) 4.8(3.1-8.0) < 0.001
NI 2438.2 (1839.7-3607.7) 1912.3 (1568.4-3128.2) < 0.001
AlSI 1767.4 (1114.4-3251.2) 1279.3 (505.7-1863.4) < 0.001

Differences in categorical variables were tested using the ” test, while differences in continuous data were tested using the Mann-Whitney test. All tests were performed with o = 0.05. A P-value

< 0.05 was considered significant.

AISI — Aggregate Index of Systemic Inflammation, MLR — monocyte-to-lymphocyte ratio, NLR — neutrophil-to-lymphocyte ratio, PLR — platelet-to-lymphocyte ratio, PLT — platelets, SII — Systemic
Immune-Inflammation Index, SIRI — Systemic Inflammation Response Index, WBC — white blood cells

as less than 50% of patients experienced the event
within the study period. The log-rank test indicated
no significant difference in survival curves among
tertiles (y?=3.000, df = 2, P = 0.200, Figure 3B).

DISCUSSION

In this retrospective exploratory study, we
evaluated the temporal behavior and prognostic
relevance of laboratory inflammatory markers and
derived indices in ICU patients undergoing PDT.
Among several parameters, monocyte count and
AISI were most strongly associated with ICU morta-
lity, especially in the lowest tertiles. Both parameters
also showed consistent post-procedural increases,
particularly in the Low tertile groups. However, no
significant differences in 30-day survival curves
were observed among tertiles based on KM sur-
vival analysis. Other indices, although statistically
significant in trend analyses, did not show a robust
association with mortality.

Although PDT is less invasive than surgical
tracheostomy, it can still trigger an inflammatory
reaction characterized by temporal changes in
laboratory and inflammatory indices. The clinical
implications of these findings are manifold. First,
the observed monocyte and AlSI trends underscore
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their potential as dynamic markers for monitoring
inflammatory responses after PDT. Patients classi-
fied within the Low tertile for these indices may rep-
resent a higher-risk subgroup, warranting closer sur-
veillance and potentially more tailored therapeutic
interventions. For instance, patients with low mono-
cyte counts or AlSI values might benefit from tar-
geted immunomodulatory therapies or intensified
supportive measures. Additionally, the practicality
of these indices lies in their derivation from routine
blood tests, offering a cost-effective and easily ac-
cessible method for risk stratification in the ICU. This
aspect is particularly valuable in resource-limited
settings, where advanced diagnostic tools may not
be readily available.

Acute critical illness induces significant changes
in the immune system, characterized by a complex
interplay between hyperactivation and suppres-
sion of immune responses. This dysregulation can
lead to immediate and long-term consequences,
including organ dysfunction and increased infection
susceptibility. The immune alterations in critically
ill patients are multifaceted, involving innate and
adaptive immune components, and are influenced
by factors such as the underlying cause of illness,
patient demographics, and comorbidities. Acute
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TABLE 3. Tertile trends analysis. The table shows results of the tertile—time interaction analyzed with the aligned rank transform (ART) method

Tertile

Tertile — time interaction

WBC T 7.6(7.1-8.5) 10.7(99-11.8) 15.1(13.7-17.6) 6.121 <0.001
(10° units/mi) Post,, 87(7.7-10.5) 11.0(10.0-12.4) 15.4(13.2-19.2)
Post,, 10.0(85-11.0) 10.9(9.5-13.0) 149(115-19)
Post,, 9.8(8.2-11.4) 11.0(87-12.8) 140 (10.7-16.9)
Post,, 9.5(7.8-11.0) 10.2(9.0-12.2) 12.4(105-16.7)
Neutrophils T 5.8(53-6.7) 8.5(7.8-9.3) 127 (11.0-15.1) 5.203 <0.001
(10° units/ml) Post,, 1(5.7-83) 9.0(8.0-10.7) 11.7(10.0-15.5)
Post,, 7.4(6.5-9.1) 9.3(8.0-11.3) 113 (89-16.7)
Post,, 6(6.0-83) 9.0(7.6-10.4) 116 (8.1-13.0)
Post,, 9(52-8.5) 8.3(7.1-11.6) 10.2(8.5-13.7)
Lymphocytes T 655 (554-774) 1030 (962-1150) 1560 (1400-1920) 6.378 <0.001
(units/mi) Post,, 780 (601-909) 1035 (860-1222) 1505 (1275-1825)
Post,, 750 (594-877) 1045 (856-1209) 1475 (1268-1708)
Post,, 820 (611-1060) 965 (812-1262) 1475 (1290-1608)
Post,, 977 (677-1187) 1121 (869-1277) 1475 (1108-1730)
Monocytes T 470 (400-507) 680 (612-730) 1010 (885-1202) 4882 <0.001
(units/mi) Post,, 530 (444-560) 690 (621-747) 955 (861-1217)
Post,, 600 (492-732) 685 (578-809) 965 (825-1209)
Post,, 605 (40-764) 655 (540-835) 985 (714-1245)
Post,, 655 (460-727) 630 (515-816) 905 (665-1208)
Hemaoglobin T 6(8.2-8.9) 2(9.1-9.4) 10.5(10.1-11.0) 5.308 <0.001
(g/dl) Post,, 5(8.1-9.0) 2(8.9-9.5) 10.3(9.7-11.0)
Post,, 5(8.4-9.4) 3(87-9.7) 10.2(9.6-11.0)
Post,, 0(85-9.5) 2(85-9.7) 10.6(9.3-11.1)
Post,, 8.9(8.5-9.9) 9.2(87-9.9) 10.1(9.5-108)
Platelets T 1775(152.8-200.0) | 280.5(249.8-299.0) | 437.5(385.5-5185 3.851 <0.001
(10° units/ml) Post,, 189.8(151.2-2228) | 2955(2625-311.8) | 411.0(351.6-531.0
Post, | 2005(1702-235.8) | 297.0(260.9-3340) | 432.0(342.5-5318
Post, | 2198(1620-2612) | 2915(2544-3380) | 430.9(352.2-52.0
Post, | 2345(1802-3120) | 287.5(2328-3422) | 411.8(319.2-553.2
NLR T 5.0(3.7-5.8) 8.2(73-9.) 149 (12.2-19.1) 6333 <0.001
Post,, 5.0 (43-7.1) 4(7.0-10.7) 14.4(8.8-21.0)
Post,, 4(45-7.0) 8(7.3-12.6) 13.0(8.8-163)
Post,, 9 (44-87) 8.5(6.2-11.6) 10.3(8.1-15.7)
Post,, 1(3.9-8.5) 9(5.8-10.0) 107 (6.5-16.2
PLR T 1528(124.5-188.1) | 275.4(242.8-300.7) | 447.6(402.8-569.6 4,657 <0.001
Post,, 1557 (129.6-198.8) | 2758(2257-3410) | 452.5(347.5-589.7
Post,, 1648 (1414-2211) | 295.6(2374-3502) | 449.6 (36336005
Post,, 191.0(151.2-261.9) | 264.1(2067-405.7) | 4150 (322.9-540.0
Post, | 2217(157.9-2886) | 2757(2153-3426) | 338.2(283.0-560.1
MLR T, 0.42(0.31-0.50) 0.69 (0.59-0.75) 1,03 (0.94-131) 7.413 <0.001
Post,, 0.4 (0.35-0.56) 0.64 (0.56-0.79) 1.01(0.84-127)
Post,, 0.52(0.40-0.73) 0.70 (0.57-0.88) 1.01(0.80-1.29)
Post,, 0.52(0.39-0.59) 0.6 (0.54-0.85) 0.87(0.70-1.10)
Post,, 0.48 (0.37-0.59) 0.6 (0.55-0.92) 0.83 (0.60-1.03)

e37/



Antonio Romanelli, Antonella Langone, Alessandro Calicchio, Salvatore Palmese, Nicola Anselmi, Alessio Galardo, Ludovica lovine, et al.

TABLE 3. Cont.

Variable Time Tertile — time interaction
e e
SIRI T, .0(1.9-3.4) .5(4.8-6.9) 10.7 (9.1-16.5) 4.554 <0.001
Post,, .1(2.4-5.0) 3(3.9-7.6) 11.2(7.9-17.8)
Post,, .8(3.4-6.9) .6 (4.2-8.6) 9.3(6.3-17.4)
Post,, 4(3.3-5.6) 5(3.4-8.3) 8.5(4.9-13.9)
Post, 1(23-5.0) 5.4(3.6-6.7) 8.0(5.4-17.1)
Sl T, 1253.1(796.9-1638.7) | 2347.0(2106.0-2827.0) | 4394.0 (3606.0-5381.0) 5.263 <0.001
Post, | 1270.1(835.5-1850.5) | 24502 (1715.6-3591.5) | 4596.0 (3197.0-6069.0)
Post,, 1336.1(950.6—-2271.8) | 2865.0 (1967.0—3845.0) | 4572.0(2989.0—6395.0)
Post,, 1542.5(970.6-2492.0) | 2703.9 (1967.3-3642.7) | 3692.0 (2649.0-4720.0)
Post, 1325.9(1009.5-2165.9) | 2619.0(1838.0-3831.0) | 3275.9 (2246.2-4607.7)
AISI T, 683.0 (361.0-1022.7) 1627.0 (1386.0-1861.0) | 3670.0 (3050.0-4817.0) 4.994 <0.001
Post,, 846.3 (587.5-1281.0) 1672.6 (1090.9-2262.1) | 3655.1(2456.2—5565.7)
Post,, 979.7 (691.2—1490.5) 2047.0 (1493.4-2993.4) | 2879.0 (1645.0—-5307.0)
Post,, 1226.5 (581.7-1766.1) | 1875.6 (1237.7-3101.6) | 2458.3 (1877.8—3976.9)
Post, 1072.2 (594.6-1701.0) | 1706.0 (1221.9-2688.0) | 2228.6 (1570.9-5153.9)

A P-value < 0.05 was considered significant.

AISI — Aggregate Index of Systemic Inflammation, MLR — monocyte-to-lymphocyte ratio, NLR — neutrophil-to-lymphocyte ratio, PLR — platelet-to-lymphocyte ratio, SII — Systemic Immune-Inflammation Index,

SIRI = Systemic Inflammation Response Index, WBC — white blood cells
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FIGURE 2. Tertile trend lines with median values for monocytes (A) and Aggregate Index of Systemic Inflammation (AISI) (B) over time. Dots represent
median values, while shaded areas indicate the 95% confidence interval (95% Cl)

critical illness often triggers an exaggerated innate
immune response, characterized by the release
of pro-inflammatory cytokines, known as a cytokine
storm, which can lead to tissue damage and organ
failure [16, 17]. Conversely, critically ill patients often
exhibit lymphopenia and a reduced capacity to pro-
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duce cytokines [18, 19], with increased expression
of inhibitory molecules [20].

Our findings suggested that monocyte count,
like the AlSI score, could be interpreted as a clinical
manifestation of the immune system’s health status.
Patients with a low monocyte count or AISI may
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FIGURE 3. Kaplan-Meier survival curves stratified by tertiles, with risk tables, for monocytes (A) and Aggregate Index of Systemic Inflamma-
tion (AISI) (B). Log-rank test showed that differences in survival curves for monocytes (2 = 5.600, df = 2, P=0.061) and AISI (2 = 3.000,

df =2, P=10.200) were not statistically significant
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likely represent particular patient phenotypes cha-
racterized either by a particular cytokine profile or
by the occult presence of infectious conditions.
The execution of PDT, triggering an inflammatory re-
sponse, can then highlight particularly reactive pro-
files that actually underlie a dysfunction of the im-
mune system. In fact, monocytes and AlSI Low tertiles
showed a significant and constant increase in values
over time, not observed in High and Medium tertiles.

The balance between pro-inflammatory and anti-
inflammatory responses is critical, and interventions
must often be tailored to the individual patient’s
immune status. Our study showed no difference in
PDT timing frequency between surviving patients
and those who died. Until now, the literature has
consistently questioned whether the timing of PDT
could influence clinical outcomes such as mortality,
ICU LOS, duration of sedation, and VAP incidence.
However, the most recent meta-analyses have re-
ported conflicting conclusions. Merola et al. [5]
found that early tracheostomy slightly reduced mor-
tality, ICU LOS, and duration of mechanical ventila-
tion compared with late tracheostomy. However,
early tracheostomy did not reduce the duration
of mechanical ventilation compared with prolonged
intubation and did not affect VAP. Furthermore, trial
sequence analysis for each outcome did not find
conclusive evidence, suggesting that further stud-
ies were needed. Han et al. [6] reported that early
tracheostomy reduces the duration of mechanical
ventilation and ICU LOS but did not significantly
reduce the incidence of VAP and mortality. Premraj
etal. [7], in a meta-analysis of over 17000 critically
ill stroke patients, demonstrated that the timing
of tracheostomy was not associated with mortality,
neurological outcomes, or ICU/hospital LOS.

Monocytes are integral to innate and adaptive
immune systems and play a central role in the im-
mune response of critically ill patients, particu-
larly in the context of sepsis and septic shock [21].
Their dysfunction, including reduced expression of
human leukocyte antigen-DR isotype, contributes
to immunoparalysis and increased infection risk
[22, 23]. While monocytes are typically categorized
into classical, intermediate, and non-classical sub-
sets [24], the association between monocyte trends
and outcomes in patients undergoing PDT remains
unexplored.

Hortova-Kohoutkova et al. [25] demonstrated
that specific monocyte subsets correlate with cyto-
kine levels and survival in septic shock. Based on our
findings, it is conceivable that survival differences
across tertiles may be influenced by the distribution
of monocyte subtypes rather than absolute counts.
Future studies should investigate this hypothesis,
focusing on subset dynamics over time.
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The AlSI, derived from neutrophil, monocyte,
platelet, and lymphocyte counts, is gaining atten-
tion as a prognostic marker in various clinical set-
tings. Its utility in critical care has been supported
by studies in COVID-19, where higher AlSI values
were associated with disease severity and mortality,
with significant sensitivity and specificity for these
outcomes [26]. Tarle et al. [27], in a retrospective
study, compared AlSI with other systemic inflam-
matory indices such as the C-reactive protein (CRP)
and the Sll index. In the context of odontogenic ab-
scesses, AlSI was found to be a superior predictor
of abscess severity compared to CRP, demonstrating
higher sensitivity and specificity. Although AlSl is of-
ten associated with poor outcomes, our data sug-
gest that low values may reflect impaired immune
competence and limited inflammatory reserve. To
our knowledge, this inverse association has not
been previously reported and warrants further in-
vestigation.

While the strengths of this study include its fo-
cus on a standardized procedural context and the
use of validated systemic inflammation indices, se-
veral limitations must be acknowledged.

First, its retrospective design limits causal in-
ference, and the small sample size may have re-
duced the power to detect survival differences.
Confounders such as nutritional status or undiag-
nosed infections were not captured. Furthermore,
detailed information on vasopressor and antibiotic
exposure was not collected. These therapies are
frequently administered in critically ill patients and
may influence bone marrow function, leukocyte ki-
netics, and systemic inflammatory indices [28, 29].
Second, the analysis was restricted to the first 96
hours after PDT, preventing assessment of long-
term inflammatory trends or complications such as
late-onset sepsis. Third, being a single-center study,
external validity is limited. Finally, only ICU mortality
and short-term outcomes were analyzed; longer-
term endpoints such as 90-day survival were not as-
sessed.

CONCLUSIONS

This exploratory study highlights the potential
role of monocytes and AlSI as accessible tools to
monitor inflammation and stratify risk in ICU pa-
tients undergoing PDT. These indices may support
clinical decision-making but should be interpreted
alongside a comprehensive evaluation. Rather than
focusing on PDT timing, future research should
assess patients’immunological profiles. Larger,
prospective studies with immune phenotyping
are needed to validate these findings and clarify
the impact of low inflammatory reserve on out-
comes.
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