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Objective: This study aimed to investigate the levels of coagulation parameters in elderly patients with severe pneumonia and analyse
their correlation with disease severity and prognosis.

Methods: A retrospective study was conducted on 207 elderly patients (aged >60 years) with severe pneumonia admitted to our
hospital between January 2022 and December 2023. Demographic data, clinical characteristics and coagulation parameters, including
prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time and fibrinogen (FIB), were collected. Patients
were divided into survivor and non-survivor groups based on 28-day mortality. The differences in coagulation parameters between
groups and their correlation with disease severity and prognosis were analysed.

Results: The 28-day mortality rate was 52.2%. Non-survivors had significantly higher PT, APTT and D-dimer levels and lower FIB
levels than survivors (p < 0.05). Multivariate logistic regression analysis showed that elevated PT (odds ratio [OR] = 1.218, 95%
confidence interval [CI]: 1.076-1.379, p = 0.002) and D-dimer (OR = 1.109, 95% CI: 1.032-1.192, p = 0.005) were independent risk
factors for 28-day mortality. The combined model using PT and D-dimer showed the highest predictive value for 28-day mortality
(area under the curve = 0.801, 95% CI: 0.739-0.863, p < 0.001), with a sensitivity of 0.759 and specificity of 0.758.

Conclusion: Coagulation dysfunction is common in elderly patients with severe pneumonia. Prothrombin time and D-dimer levels are
closely associated with disease severity and can be valuable indicators for predicting prognosis in this population.
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Introduction

Pneumonia remains a leading cause of morbidity and mortality in the elderly population, with severe pneumonia posing
a particularly significant threat to life." The susceptibility of elderly people to severe pneumonia is multifactorial,
involving age-related changes in immune function, comorbidities and alterations in physiological reserves.” As global
demographics shift towards an ageing population, the incidence of severe pneumonia in elderly people is projected to
rise, presenting substantial challenges to healthcare systems worldwide.> As elderly patients are often associated with
a variety of underlying diseases and reduced immune function, this leads to a poorer prognosis.* Due to the limited
physiological reserve of elderly patients, serious complications caused by pneumonia, such as respiratory failure and
sepsis, may accelerate the deterioration of the condition and increase the risk of death.® Therefore, timely assessment of
the prognosis of severe pneumonia in elderly people is crucial. Searching for accurate prognostic factors can provide
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clinicians with a powerful aid to help optimise treatment options, guide disease monitoring and decision-making and
improve patient outcomes and survival rates.

The intricate relationship between inflammation and coagulation plays a pivotal role in the pathogenesis of severe
pneumonia.® Coagulation dysfunction is a frequent complication observed in patients with severe pneumonia, contribut-
ing significantly to disease progression and poor outcomes.” The inflammatory response triggered by severe pneumonia
leads to the activation of the coagulation cascade, resulting in a hypercoagulable state. This state can potentially lead to
microvascular thrombosis, further exacerbating lung injury and multi-organ dysfunction.®

The coagulation system undergoes several age-related changes, including increased levels of coagulation factors,
decreased fibrinolytic activity and enhanced platelet reactivity.” These alterations may predispose elderly individuals to
a higher risk of thrombotic complications and more severe coagulation disturbances during acute illnesses such as
pneumonia. Understanding the specific characteristics of coagulation dysfunction in elderly patients with severe
pneumonia is crucial for improving risk stratification and guiding appropriate management strategies.

Several studies have demonstrated the prognostic value of coagulation parameters in various critical illnesses,
including sepsis and acute respiratory distress syndrome (ARDS).'>!" These parameters, such as prothrombin time
(PT), activated partial thromboplastin time (APTT), fibrinogen (FIB) and D-dimer, have shown associations with disease
severity and outcomes. However, limited research has focused specifically on the elderly population with severe
pneumonia. Given the physiological changes and increased baseline coagulation activation in elderly people, it is crucial
to investigate the clinical significance of coagulation parameters in this vulnerable group.'?

In this study, we hypothesise that coagulation dysfunction is associated with poor prognosis and that certain
coagulation parameters may serve as important prognostic indicators in this population. The study aims to assess the
levels of coagulation parameters in elderly patients with severe pneumonia and to analyse their correlation with disease
severity and prognosis; this can provide guidance for risk stratification and targeted management strategies for elderly
patients with severe pneumonia.

Methods

Study Design and Participants

This retrospective study was conducted at our hospital between January 2022 and December 2023. The study protocol
was approved by the hospital ethics committee (2023YLSNo0.68), and the requirement for informed consent was waived
due to the retrospective nature of the study.

The inclusion criteria were as follows: (1) age >60 years; (2) meeting the criteria for a diagnosis of severe pneumonia
according to the Infectious Diseases Society of America/American Thoracic Society (IDSA/ATS) guidelines.'® The
diagnostic criteria for severe pneumonia included either one major criterion or three or more minor criteria. Major criteria
comprised invasive mechanical ventilation or septic shock with the need for vasopressors. Minor criteria included respiratory
rate >30 breaths/min, PaO,/FiO, ratio <250, multilobar infiltrates, confusion/disorientation, uraemia (blood urea nitrogen
[BUN] level >20 mg/dL), leukopenia (white blood cell [WBC] count <4000 cells/uL), thrombocytopenia (platelet count
<100,000/uL), hypothermia (core temperature <36°C) or hypotension requiring aggressive fluid resuscitation.

The exclusion criteria were as follows: (1) age <60 years; (2) pregnancy; (3) haematological diseases that could affect
coagulation parameters; (4) liver cirrhosis; (5) use of anticoagulant or antiplatelet drugs within 1 week before admission;
or (6) incomplete clinical data.

Data Collection

Demographic data, clinical characteristics, laboratory findings and treatment information were extracted from electronic
medical records by two independent researchers. Any discrepancies were resolved through discussion or consultation
with a third researcher. The following data were collected:

Demographic Information - Age, Gender
Comorbidities — hypertension, diabetes mellitus, coronary heart disease, chronic obstructive pulmonary disease.
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Clinical characteristics — mechanical ventilation status, intensive care unit (ICU) admission, oxygen therapy mod-
alities, supportive treatments and length of hospital stay.

Laboratory parameters — (a) routine blood tests (WBC count, neutrophil percentage, lymphocyte percentage, platelet
count); (b) inflammatory markers (C-reactive protein [CRP], procalcitonin [PCT]); (c) liver and kidney function tests
(alanine aminotransferase, aspartate aminotransferase, total protein, albumin, globulin, BUN, creatinine); (d) arterial blood
gas analysis (pH, PaO,, PaCO,, lactate); (¢) coagulation parameters (PT, APTT, thrombin time [TT], FIB and D-dimer).

Coagulation parameters were measured on admission, day 3 and day 7 of hospitalisation. All laboratory tests were
performed in the clinical laboratory of the hospital using standard methods. Coagulation tests were performed using an
automated coagulation Werfen ACL TOP 750 analyser.

Definitions and Outcomes

Severe pneumonia was defined according to the IDSA/ATS guidelines as described in the participant selection criteria.'* The
primary outcome was 28-day all-cause mortality. Patients were divided into survivor and non-survivor groups based on their 28-
day outcome. Secondary outcomes included the need for mechanical ventilation, ICU admission and length of hospital stay.

Statistical Analysis

Statistical analysis was performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). The sample size was
calculated based on the expected difference in PT levels between survivors and non-survivors, with a power of 80% and
a significance level of 0.05. The calculated minimum sample size was 200 patients.

Continuous variables were tested for normality using the Kolmogorov—Smirnov test. Normally distributed variables
were expressed as mean + standard deviation and compared using Student’s #-test. Non-normally distributed variables
were presented as median (interquartile range) and compared using the Mann—Whitney U-test. Categorical variables were
presented as frequencies and percentages and compared using the chi-squared test or Fisher’s exact test as appropriate.

The dynamic changes of coagulation parameters over time were analysed using repeated measures analysis of
variance (ANOVA) with Bonferroni correction for multiple comparisons. The sphericity assumption was tested using
Mauchly’s test, and the Greenhouse—Geisser correction was applied when the assumption was violated.

Univariate and multivariate logistic regression analyses were conducted to identify independent risk factors for 28-
day mortality. Variables with a p-value of <0.1 in the univariate analysis were included in the multivariate model. The
results were presented as OR with a 95% confidence interval (CI).

To identify potential factors affecting 28-day mortality, a one-way logistic regression analysis was first performed for
each variable (including clinical characteristics and biochemical indicators). In the multifactorial analysis, variables with
significance (p < 0.05) in the univariate analysis were selected as input variables, and variable screening and model
construction were performed by stepwise regression. The OR for each variable and its 95% CI were calculated to quantify
the independent effect of each factor on mortality. The performance of these models, including the combined model and one-
factor model, was assessed using the area under the receiver operating characteristic curve (AUC), sensitivity, specificity,
positive predictive value and negative predictive value. The optimal cut-off points were determined using the Youden index.

Spearman correlation analysis was performed to assess the relationship between coagulation parameters and other
clinical indicators. The strength of correlations was interpreted as follows: 0-0.19 (very weak), 0.2-0.39 (weak),
0.4-0.59 (moderate), 0.6-0.79 (strong) and 0.8—1.0 (very strong).

A two-tailed p-value of <0.05 was considered statistically significant. To account for multiple comparisons, the
Bonferroni correction was applied where appropriate, and the adjusted significance level was reported.

Results

Baseline Characteristics

A total of 207 elderly patients with severe pneumonia were included in the study. The mean age was 75.22 + 7.69 years
(range: 60—94 years), and 133 (64.3%) were male. The 28-day mortality rate was 52.2% (108/207). Table 1 presents the
baseline characteristics of the study population stratified by 28-day survival status.
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Table | Baseline Characteristics of the Study Population

Characteristic All Patients Survivors Non-Survivors p-Value
(n=207) (n=99) (n=108)
Age, years 75.22 + 7.696 7345 £ 7213 76.86 + 7.821 0.001
Male gender, n (%) 133 (64.3) 62 (62.6) 71 (65.7) 0.637
Comorbidities, n (%)
Hypertension 98 (47.3) 45 (45.5) 53 (49.1) 0.598
Diabetes mellitus 52 (25.1) 23 (23.2) 29 (26.9) 0.545
Coronary heart disease 41 (19.8) 18 (18.2) 23 (21.3) 0.571
COPD 35 (16.9) 15 (15.2) 20 (18.5) 0.514
Mechanical ventilation, n (%) 149 (72.0) 62 (62.6) 87 (80.6) 0.004
ICU admission, n (%) 164 (79.2) 71 (71.7) 93 (86.1) 0.010
Length of hospital stay, days 13.80 = 11.49 1623 + 12.64 11.57 £9.78 0.002
Laboratory findings
WBC, x10°/L 11.27 £ 6.54 10.45 + 5.87 12.02 £ 7.06 0.079
Neutrophil, % 84.67 £ 12.19 82.35 + 13.01 86.81 + 10.94 0.007
Lymphocyte, % 8.99 + 8.54 10.87 + 9.63 7.25 + 6.94 0.002
Platelet, X 079/L 197.88 + 95.55 213.64 + 98.71 183.34 £ 90.27 0.022
CRP, mg/L 97.87 +78.23 85.34 + 71.56 109.41 + 82.37 0.024
PCT, ng/mL 2.36 + 6.37 1.65 + 4.82 3.0l £745 0.113
Albumin, g/L 31.55 +5.20 32.87 + 5.03 30.34 + 5.09 <0.001
pH 7.54 £ 1.69 742 +0.08 7.65 + 237 0.331
PaO2, mmHg 96.38 + 66.40 101.23 £ 70.12 91.87 £ 62.45 0.303
PaCO2, mmHg 3786 + 17.24 36.54 + 15.87 39.08 + 1843 0.288
Lactate, mmol/L 2.70 £ 3.42 221 £276 3.15 +3.89 0.045

Notes: Data are presented as mean + SD or n (%). Non-survivors were significantly older and had higher rates of
mechanical ventilation and ICU admission compared to survivors. They also had higher neutrophil percentages, CRP levels,
and lactate levels, and lower lymphocyte percentages, platelet counts, and albumin levels.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; WBC, white blood cell; CRP,
C-reactive protein; PCT, procalcitonin.

Comparison of Coagulation Parameters Between Survivors and Non-Survivors

Table 2 shows the comparison of coagulation parameters between survivors and non-survivors on admission, day 3
and day 7 of hospitalisation. The results showed that there were significant differences between survivors and non-
survivors at admission, on day 3 and day 7 in PT, APTT, FIB and D-dimer, with the difference in D-dimer being
particularly significant, suggesting that activation of the coagulation system may be closely related to the prognosis of the
patients.

Dynamic Changes of Coagulation Parameters
Repeated measures ANOVA was used to analyse the dynamic changes of coagulation parameters in survivors and non-
survivors over the first week of hospitalisation. The results are summarised below (Table 3).

PT: A significant time effect (F = 12.34, p < 0.001) and group effect (F = 18.76, p < 0.001) were observed. The
interaction between time and group was also significant (F = 4.52, p = 0.012), indicating that the pattern of change in PT
differed between survivors and non-survivors. Non-survivors showed a more pronounced increase in PT levels over time.

APTT: There was a significant time effect (F = 8.65, p < 0.001) and group effect (F = 14.23, p < 0.001). The time-
group interaction was not significant (F = 2.18, p = 0.114), suggesting that although non-survivors had consistently
higher APTT levels, the pattern of change was similar in both groups.

FIB: A significant time effect (F = 15.87, p < 0.001) and group effect (F = 22.45, p <0.001) were observed. The time-
group interaction was significant (F = 6.34, p = 0.002), indicating that the pattern of change in FIB levels differed

between survivors and non-survivors. Non-survivors showed a more significant decrease in FIB levels over time.
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Table 2 Comparison of Coagulation Parameters Between
Survivors and Non-Survivors

Parameter Survivors | Non-Survivors | p-Value
On admission

PT, s 1321 £ 345 | 14.87 + 6.48 0.023
APTT, s 3126 £ 623 | 33.59 £7.54 0.015
TT s 1543 + 487 | 1642 + 6.62 0.212
FIB, g/L 5.12+£354 | 444 +£3.18 0.137
D-dimer, mg/L | 2.34 £3.76 | 453 +7.25 0.007
Day 3

PT, s 1345 +2.87 | 1523 + 4.64 0.005
APTT, s 31.34 £ 676 | 34.37 £7.89 0.009
TT s 15.67 + 432 | 16.72 £ 5.92 0.187
FIB, g/L 476 + 1.23 392 £ 1.32 <0.001
D-dimer, mg/L | 3.87 £ 5.23 7.13 £ 876 0.002
Day 7

PT, s 13.12 £ 1.98 | 1432 + 2,41 0.003
APTT, s 31.56 £7.34 | 3489 £ 11.23 0.036
TT s 1587 £5.12 | 17.08 £7.21 0.244
FIB, g/L 498 + 1.28 | 423 £ 1.39 0.001
D-dimer, mg/L | 423 + 6.87 | 9.24 + 14.32 <0.001

Notes: Data are presented as mean + SD. Non-survivors had significantly
higher PT, APTT, and D-dimer levels, and lower FIB levels compared to
survivors at all time points. The differences in TT between the two groups
were not statistically significant.

Abbreviations: PT, prothrombin time; APTT, activated partial thrombo-
plastin time; TT, thrombin time; FIB, fibrinogen.

Table 3 The Dynamic Changes of Coagulation Parameters in Survivors and Non-Survivors
Over the First week of Hospitalization

Parameter Between Group Between Time Interaction Between
(Survivors vs Non-Survivors) (Day 0, 3 and 7) Time and Group

F-value p-value F-value | p-value F-value p-value
PT, s 18.76 < 0.001 12.34 <0.001 4.52 0.012
APTT, s 14.23 <0.001 8.65 <0.001 2.18 0.114
TT, s 234 0.128 1.87 0.156 0.76 0.469
FIB, g/L 22.45 <0.001 15.87 <0.001 6.34 0.002
D-dimer, mg/L 31.54 <0.001 28.76 <0.001 9.87 <0.001

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; FIB, fibrinogen.

D-dimer: There was a significant time effect (F = 28.76, p < 0.001) and group effect (F = 31.54, p <0.001). The time-
group interaction was also significant (F = 9.87, p < 0.001), suggesting that non-survivors experienced a more
pronounced increase in D-dimer levels over time compared with survivors.

TT: No significant time effect (F = 1.87, p = 0.156), group effect (F = 2.34, p = 0.128) or time—group interaction (F =
0.76, p = 0.469) was observed for TT levels.

These results demonstrate that non-survivors exhibited more severe and progressive coagulation dysfunction over the

course of their hospital stay compared with survivors.

Risk Factors for Twenty-Eight-Day Mortality
Univariate and multivariate logistic regression analyses were performed to identify independent risk factors for 28-day
mortality (Table 4).
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Table 4 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for 28-Day Mortality

Variable Univariate Analysis OR Univariate Analysis Multivariate Multivariate Analysis
(95% CI) p-value Analysis OR p-value
(95% CI)

Age 1.062 (1.025-1.101) 0.001 1.048 (1.009-1.089) 0.016
Mechanical ventilation | 2.486 (1.334—4.634) 0.004 1.876 (0.945-3.724) 0.072

ICU admission 2.452 (1.232-4.88l) 0.011 1.654 (0.782-3.498) 0.187
Neutrophil, % 1.032 (1.009-1.056) 0.007 1.018 (0.994-1.043) 0.145
Lymphocyte, % 0.947 (0.917-0.978) 0.001 0.968 (0.935-1.002) 0.065

Platelet 0.996 (0.993-0.999) 0.023 0.998 (0.994-1.001) 0.212

CRP 1.004 (1.001-1.008) 0.025 1.002 (0.998-1.006) 0.298

Albumin 0.906 (0.858-0.957) <0.001 0.934 (0.878-0.993) 0.029

PT 1.254 (1.118-1.407) <0.001 1.218 (1.076—1.379) 0.002

APTT 1.048 (1.009-1.089) 0.016 1.021 (0.979-1.065) 0.332

FIB 0.935 (0.857-1.019) 0.125 - -

D-dimer 1.138 (1.065-1.216) <0.001 1.109 (1.032-1.192) 0.005

Lactate 1.085 (1.001-1.176) 0.047 1.056 (0.968-1.152) 0.221

Abbreviations: OR, odds ratio; Cl, confidence interval; ICU, intensive care unit; CRP, C-reactive protein; PT, prothrombin time; APTT, activated partial
thromboplastin time; FIB, fibrinogen.

Multivariate logistic regression analysis showed that age (OR = 1.048, 95% CI: 1.009-1.089, p = 0.016), albumin
(OR = 0.934, 95% CI: 0.878-0.993, p = 0.029), PT (OR = 1.218, 95% CI: 1.076-1.379, p = 0.002) and D-dimer (OR =
1.109, 95% CI: 1.032-1.192, p = 0.005) were independent risk factors for 28-day mortality.

Predictive Value of Coagulation Parameters for Twenty-Eight-Day Mortality
Logistic regression models were used to evaluate the predictive value of coagulation parameters for 28-day mortality.
The performance of these models is summarised in Table 5.

The combined model using PT and D-dimer showed the highest predictive value for 28-day mortality (AUC = 0.801,
95% CI: 0.739-0.863, p < 0.001), with a sensitivity of 0.759 and specificity of 0.758. This model demonstrated superior
performance compared with individual coagulation parameters in predicting mortality.

Correlation Between Coagulation Parameters and Other Clinical Indicators
Spearman correlation analysis was performed to assess the relationship between coagulation parameters and other
clinical indicators (Table 6).

Prothrombin time, APTT and D-dimer showed positive correlations with age, neutrophil percentage, CRP, PCT and
lactate and negative correlations with lymphocyte percentage and albumin. Fibrinogen was positively correlated with
WBC, neutrophil percentage, platelet count, CRP and PCT and negatively correlated with lymphocyte percentage and

Table 5 Predictive Performance of Coagulation Parameters for 28-Day Mortality

Parameter AUC (95% CI) Cut-Off | Sensitivity | Specificity | PPV | NPV | p-Value
PT 0.731 (0.663—-0.799) | 13.85s 0.704 0.667 0.679 | 0.693 | <0.00I
APTT 0.624 (0.549-0.699) | 32.65s 0.593 0.636 0.621 | 0.609 | 0.002
FIB 0.587 (0.511-0.663) | 4.28 g/L 0.556 0.636 0.605 | 0.589 | 0.025
D-dimer 0.748 (0.682-0.814) | 2.76 mg/L | 0.722 0.697 0.705 | 0.715 | <0.00I
Combined model* | 0.801 (0.739-0.863) | - 0.759 0.758 0.758 | 0.759 | <0.001

Note: *Combined model includes PT and D-dimer.
Abbreviations: AUC, area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PT,
prothrombin time; APTT, activated partial thromboplastin time; FIB, fibrinogen.
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Table 6 Correlation Between Coagulation Parameters and
Other Clinical Indicators

Parameter PT APTT FIB D-Dimer
Age 0.187** 0.142* —-0.098 0.223**
WBC 0.156* 0.112 0.201%* 0.245%*

Neutrophil, % | 0.234%* 0.189%* 0.167* 0.278%*
Lymphocyte, % | —0.256** | —0.201** | —0.145* | —0.289**

Platelet —0.187%* | —0.134* | 0.287** —0.056
CRP 0.312% 0.267%* 0.356%* 0.389%*
PCT 0.278** 0.234%* 0.289** 0.345%*
Albumin —0.301%* | —0.256** | —0.189* | —0.323**
Lactate 0.289** 0.245%* 0.178* 0.312%*

Notes: *p<0.05, **p<0.01.

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin
time; FIB, fibrinogen; WBC, white blood cell; CRP, C-reactive protein; PCT,
procalcitonin.

albumin. These correlations highlight the complex interplay between coagulation dysfunction, inflammation and organ
dysfunction in elderly patients with severe pneumonia.

Discussion

This comprehensive study investigated the clinical significance of coagulation parameters in elderly patients with severe
pneumonia and their correlation with disease severity and prognosis. Our findings demonstrate that coagulation
dysfunction is common in this population and that certain coagulation parameters, particularly PT and D-dimer, are
closely associated with disease severity and can serve as valuable prognostic indicators.

The 28-day mortality rate in our study was 52.2%, which is higher than that reported in some previous studies on
severe pneumonia.'*!'> This discrepancy may be attributed to several factors. First, our study focused specifically on
elderly patients (aged >60 years), who are known to have higher mortality rates from severe infections compared with
younger populations.'® The advanced age of our cohort (mean age 75.22 years) likely contributed to the increased
mortality rate. Second, our study included a high proportion of patients requiring mechanical ventilation (72.0%) and
ICU admission (79.2%), reflecting the severity of their condition. These factors are known to be associated with
increased mortality in patients with pneumonia.'’

Our results showed that non-survivors had significantly higher PT, APTT and D-dimer levels and lower FIB levels
compared with survivors. These findings are consistent with previous studies on sepsis and ARDS, which have reported
similar alterations in coagulation parameters in non-survivors.'®'? The prolongation of PT and APTT reflects the
consumption of coagulation factors and the overall activation of the coagulation system. This consumption coagulopathy
can lead to a state of hypocoagulability, which may contribute to bleeding complications in patients with severe
pneumonia.*’

D-dimer has been widely recognised as a marker of disease severity and poor prognosis in various critical illnesses,
including pneumonia.”' Our study confirms its prognostic value in elderly patients with severe pneumonia. The decrease
in FIB levels observed in non-survivors may be due to its consumption in the coagulation process and its role as an acute-
phase reactant.*

The dynamic changes of coagulation parameters over the first week of hospitalisation revealed significant differences
between survivors and non-survivors. Non-survivors exhibited a more pronounced deterioration in coagulation function,
characterised by a steeper increase in PT, APTT and D-dimer levels and a more significant decrease in FIB levels. These
findings highlight the importance of serial measurements of coagulation parameters in monitoring disease progression
and predicting outcomes in elderly patients with severe pneumonia.

The progressive worsening of coagulation parameters in non-survivors may reflect the development of disseminated
intravascular coagulation (DIC), a severe complication associated with poor outcomes in critically ill patients.” The
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International Society on Thrombosis and Haemostasis DIC score, which incorporates PT, platelet count, FIB and
D-dimer, could be a valuable tool for assessing the development of DIC in this population.®® Future studies should
investigate the incidence and impact of DIC in elderly patients with severe pneumonia.

Multivariate logistic regression analysis identified PT and D-dimer as independent risk factors for 28-day mortality,
along with age and albumin levels. The association between advanced age and poor outcomes in pneumonia has been
well-established in previous studies.”* Hypoalbuminaemia is a known predictor of mortality in critically ill patients and
may reflect the severity of the underlying inflammatory response and nutritional status.?

The prognostic value of PT and D-dimer in our study is particularly noteworthy. Prolonged PT indicates a deficiency
in the extrinsic coagulation pathway and has been associated with increased mortality in various critical illnesses.”® Our
findings suggest that PT could be a valuable addition to existing severity assessment tools for pneumonia, such as the
CURB-65 or Pneumonia Severity Index.?’

D-dimer, a product of fibrin degradation, is not only a marker of coagulation activation but also reflects the severity of
the inflammatory response.”® The strong predictive value of D-dimer observed in our study is consistent with previous
research in community-acquired pneumonia and other critical illnesses.”’ The combination of PT and D-dimer showed
the highest predictive value for 28-day mortality in our study, suggesting that integrating these parameters could enhance
prognostic accuracy in elderly patients with severe pneumonia.

The correlation analysis revealed significant associations between coagulation parameters and other clinical indicators
of disease severity, such as inflammatory markers (CRP, PCT) and markers of organ dysfunction (albumin, lactate).
These findings underscore the complex interplay between inflammation, coagulation and organ failure in severe
pneumonia.”’ The positive correlation between coagulation parameters and inflammatory markers supports the concept
of immunothrombosis, where inflammation and coagulation act synergistically in the host’s response to infection.*

The relationship between coagulation dysfunction and poor outcomes in elderly patients with severe pneumonia may
be explained by several mechanisms. First, the hypercoagulable state and microvascular thrombosis can lead to impaired
tissue perfusion and organ dysfunction.® Second, excessive consumption of coagulation factors may result in bleeding
complications, further compromising patient outcomes.” Third, the interplay between coagulation and inflammation can
create a vicious cycle, exacerbating lung injury and systemic inflammation.®

Our study has several clinical implications. First, it highlights the importance of routine monitoring of coagulation
parameters in elderly patients with severe pneumonia. Early identification of coagulation dysfunction may allow for
timely interventions to prevent further deterioration. Second, the prognostic value of PT and D-dimer suggests that these
parameters could be incorporated into existing risk stratification tools to improve their accuracy in predicting outcomes in
this population.

Third, the strong association between coagulation dysfunction and poor outcomes raises the question of whether
targeted anticoagulant therapies could improve outcomes in elderly patients with severe pneumonia. While the use of

anticoagulants in sepsis and ARDS has shown mixed results,*'**

the specific characteristics of the elderly population
with severe pneumonia may warrant further investigation.

Finally, our study underscores the importance of age-specific research in critical care. The coagulation system
undergoes significant changes with ageing, and the response to severe infections may differ in elderly patients compared
with younger populations.®> Developing age-specific diagnostic and therapeutic approaches could potentially improve
outcomes in this vulnerable group.

Several limitations to our study should be acknowledged. First, its retrospective nature and single-centre design may
limit the generalisability of our findings. Multicentre prospective studies are needed to validate our results in diverse
healthcare settings. Second, we did not have data on some potentially relevant factors, such as the aetiology of
pneumonia or the use of anticoagulant therapies during hospitalisation. Future studies should consider these factors to
provide a more comprehensive understanding of coagulation dysfunction in elderly patients with severe pneumonia.
Finally, although we identified PT and D-dimer as the most valuable prognostic indicators, the optimal cut-off values for
these parameters in elderly patients with severe pneumonia require further validation. Larger studies with external
validation cohorts are needed to establish robust, clinically applicable thresholds.
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Conclusion
Our study demonstrates that coagulation dysfunction is common in elderly patients with severe pneumonia and is closely
associated with disease severity and poor outcomes. Prothrombin time and D-dimer levels are independent risk factors
for 28-day mortality and show promising predictive value for prognosis in this population. The dynamic changes in
coagulation parameters over time provide valuable information about disease progression and may guide clinical
decision-making.
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