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Background: Post-intubation hypotension (PIH) frequently occurs in the management of critically ill patients and is associated with 
prognosis. The study aimed to construct a prediction model for PIH events by analyzing risk factors in patients with severe pneumonia 
in the emergency department.
Methods: We retrospectively enrolled 572 patients with severe pneumonia diagnosed in the emergency department of West China 
Hospital of Sichuan University. Five hundred patients with severe pneumonia who underwent endotracheal intubation were included in 
the study. All patients were randomized according to 7:3 and divided into a training cohort (n=351) and a validation cohort (n=149). 
Risk factors for PIH were analyzed using Least Absolute Shrinkage and Selection Operator (LASSO) and multivariable logistic 
regression. Calibration curves, receiver operating characteristic (ROC) curve, and decision curve analysis were applied to assess the 
predictive model’s fitness, discrimination, and clinical utility.
Results: A total of 500 patients with severe pneumonia who underwent endotracheal intubation were enrolled in this study, and PIH 
occurred in 234 (46.8%) of these patients. Age, heart rate, systolic blood pressure, chronic obstructive pulmonary disease, acute 
physiology and chronic health evaluation II score, and induction agent use were identified as significant risk factors for the occurrence 
of PIH. Additionally, the body mass index was the opposite of the above. The area under the ROC curve (AUC) for the model was 
0.856 (95% CI, 0.818–0.894) in the training cohort and 0.849 (95% CI, 0.788–0.910) in the validation cohort. The nomogram model 
was validated and demonstrated good calibration and high net clinical benefit. Finally, to facilitate application by clinicians, an online 
server has been set up which can be accessed free of charge via the website https://chinahospitals.shinyapps.io/DynNomapp/.
Conclusion: The nomogram is used for individualized prediction of patients with severe pneumonia prior to intubation and is simple 
to perform with high clinical value.
Keywords: post-intubation hypotension, severe pneumonia, prognosis, induction agent, nomogram

Introduction
Pneumonia continues to be the leading cause of hospitalization and death worldwide. In 2015, pneumonia was the eighth 
leading cause of death in the United States, the fourth leading cause of death worldwide, and the leading cause of death in 
low-income countries.1,2 Fever, cough, and increased sputum production are common symptoms of pneumonia.3 

However, when it develops into severe pneumonia, it is often accompanied by hemodynamic instability and the need 
for mechanical ventilation, leading to increased mortality and intra- and extra-pulmonary complications.4 Endotracheal 
intubation is widely used in clinical practice as one of the effective means of improving ventilation and oxygen 
saturation. However, endotracheal intubation in emergency patients is often associated with a high rate of adverse 
events, including hypotension, cardiac arrest, and an increased risk of death.5,6

Hypotension, one of the most common complications after endotracheal intubation, occurs by mechanisms including 
blunting of catecholamines due to sedation inducers, decreased preload due to positive pressure ventilation, vasospasm, 
and myocardial depression.7–9 Post-intubation hypotension (PIH) is often associated with an adverse prognosis,10–12 with 
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death occurring in one-third of cases.10 In a cohort study of 479 critically ill patients, PIH was observed in 46% of 
patients and was correlated with a significant increase in overall mortality, ICU length of stay, and duration of mechanical 
ventilation.11 In a systematic evaluation of emergency departments and ICUs, the incidence of PIH ranged from 0.5% to 
44%, dramatically higher than elective intubation.13 In an attempt to investigate risk factors for PIH, it has been 
suggested that advanced age, chronic obstructive pulmonary disease (COPD), hemodynamic instability prior to tracheal 
intubation, acute respiratory failure, use of induction agents, and disease severity are all associated with the occurrence of 
PIH.8,9,14,15 However, no validated predictive model for PIH can be used to assess patients with severe pneumonia in the 
emergency department prior to endotracheal intubation. Early intervention in patients at high risk may reduce the 
incidence of PIH.

This study aimed to develop and validate a predictive model for PIH in patients with severe pneumonia in the 
emergency department. Firstly, clinical data were analyzed for risk factors for PIH in patients with severe pneumonia in 
the emergency department. Secondly, an effective and convenient predictive model for PIH in clinical practice was 
constructed. Finally, the predictive model for PIH was internally validated to assess its predictive effectiveness and 
clinical application.

Materials and Methods
Study Design and Setting
This project retrospectively enrolled 572 patients diagnosed with severe pneumonia in the emergency department of West 
China Hospital, Sichuan University, between January 2011 and December 2021, all of whom underwent emergency 
endotracheal intubation during treatment. Based on inclusion and exclusion criteria, 500 patients with severe pneumonia 
were eventually enrolled in this study. According to a 7:3 randomization, all patients were divided into a training cohort 
(n=351) and a validation cohort (n=149). The flow chart for developing and validating the prediction model is shown in 
Figure 1. The project followed the principles of the Declaration of Helsinki. The work was approved by the Ethics 
Committee of the West China Hospital of Sichuan University, which waived written informed consent (No. 2022–0493).

Figure 1 The flow diagram of developing and validating the prediction model.
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Participants and Data Collection
In this study, all patients were enrolled from the case system of West China Hospital of Sichuan University. The patient’s 
primary diagnosis at the emergency department was severe pneumonia; all had emergency endotracheal intubation during 
their treatments in the hospital. Patients with the following conditions were excluded: age <18 years, systolic blood 
pressure <90 mmHg or mean arterial pressure <60 mmHg before endotracheal intubation, vasopressors or intravenous 
fluids (≥500mL) administered 30 minutes prior to intubation, hemodynamic instability or ongoing cardiopulmonary 
resuscitation, death within 24 h of admission.

The following clinical data were collected within 24 hours of patient admission: gender, age, body mass index (BMI), 
physiological data on admission (heart rates, respiratory rate, blood pressure, oxygen saturation), pre-admission comor-
bidities, acute physiology and chronic health evaluation (APACHE) II score, Glasgow coma scale (GCS), use of 
induction agent, laboratory tests (white blood cell count, neutrophils, albumin, serum creatinine, lactate), and incidence 
of PIH, etc. If a variable reported more than one value in the first 24 hours, the worst was selected for analysis.

Measurement and Definition
The diagnostic criteria for severe pneumonia follow the 2007 Infectious Diseases Society of America/American Thoracic 
Society (IDSA/ATS) consensus guidelines on managing community-acquired pneumonia in adults.16 Diagnostic criteria 
for PIH:10,11,14 any of the following occurring within 15 minutes of endotracheal intubation: (a) systolic blood pressure 
(SBP) <90 mmHg; (b) 20% reduction in SBP from baseline levels; (c) mean arterial pressure (MAP) <60 mmHg; (d) 
need for an increased infusion dose of vasopressors (push or infusion); (e) requires an infusion volume of ≥ 30 mL/kg. 
Baseline SBP was defined as the average of all SBP values recorded 30 minutes prior to endotracheal intubation. Pre- 
tracheal hypotension was defined as any SBP <90 mmHg or diastolic blood pressure (DBP) <60 mmHg in the 30 minutes 
prior to endotracheal intubation.

Model Development and Validation
Predictive models were developed by analyzing risk factors for PIH through a training cohort. The effectiveness and 
application value of the predictive model was assessed by a validation cohort (retrospective data).

Clinical Outcomes
The primary outcome was the incidence of PIH in patients with severe pneumonia. Secondary outcomes were the length 
of hospital stay, ICU stay, in-hospital mortality, and 28-day mortality in patients.

Statistical Analysis
In this study, the primary characteristics of all study populations were analyzed by descriptive statistics. We used the 
Kolmogorov–Smirnov method to test for the normality of continuous variables. Means and standard deviations were used 
to describe normally distributed continuous variables, while non-normally distributed continuous variables were 
expressed as median and interquartile range. For categorical variables, frequencies and percentages are the best way to 
represent them. The least absolute shrinkage and selection operator (LASSO) was first introduced by Robert Tibshirani in 
1996.17 LAASO not only fits generalized linear models but is also capable of variable selection and regularization. In our 
study, risk factors were selected by the LASSO binary logistic regression model, and risk factors were selected when 
their coefficients were non-zero. Multivariable logistic regression was performed to analyze risk factors for PIH and 
variables with significant correlations were selected to develop a nomogram.

The accuracy of the nomogram model was assessed by validation. The area under the ROC curve (AUC) was 
employed to assess the model’s discriminatory power, comparing the AUC in the training and validation cohorts. 
Assessment of model fitness was accomplished using calibration plots, which analyzed how close the actual results of 
each nomogram model were to the predicted results.18 Decision curve analysis (DCA) showed the standardized net 
benefit of the prediction model at different risk thresholds and was used to assess the clinical utility of the model.19 The 
clinical impact curves revealed the number of high-risk individuals and true-positive patients at different thresholds. 
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Additionally, Kaplan-Meier curves were used in the survival analysis to analyze the prognosis of patients with severe 
pneumonia.

Statistical analysis was conducted with SPSS (IBM SPSS Statistics 22.0, SPSS Inc., Chicago, IL) and R language 
(version 4.1.3, www.R-project.org/). The R packages used in our study were displayed in Supplementary Table 1. All 
statistical tests were two-sided, and statistical significance was set at 0.05.

Results
Demographic and Baseline Characteristics
In this study, we enrolled 572 emergency patients with severe pneumonia. Based on inclusion and exclusion criteria, 500 
patients with severe pneumonia ultimately participated in the construction of the PIH model [319 (63.8%) males; mean 
(SD) age, 64.73 (17.32) years]. A total of 234 (46.8%) patients in the study experienced post-intubation hypotensive 
events, 162 (46.2%) in the training cohort and 72 (48.3%) in the validation cohort. There were no significant differences 
between the training and validation cohorts for any variables (Supplementary Table 2). Moreover, we compared risk 
factors for PIH in the training cohort. Age, BMI, heart rate, respiratory rate, oxygen saturation, blood pressure, history of 
COPD, APACHE II score, GCS, use of induction agents, hemoglobin, and albumin were associated with PIH in patients 
with severe pneumonia. However, gender did not show significant differences (Table 1). In addition, patients in the PIH 
group had significantly higher rates of propofol [147 (62.8) vs 126 (47.4), p=0.001] and remifentanil [32 (13.7) vs 19 
(7.1), p=0.016] than those in the non-PIH group (Supplementary Table 3).

Table 1 Comparison of Clinical Characteristics of Patients with PIH and Non-PIH in the Training Cohort

Variables All Patients (n=351) Non-PIH (n=189) PIH (n=162) P value

Gender, n (%) 0.375

Male§ 232(66.1) 121(64.0) 111(68.5)

Female§ 119(33.9) 68(36.0) 51(31.5)
Age (years)† 64.12±16.98 60.77±18.21 68.04±14.52 <0.001

BMI (kg/m2)† 20.02±1.98 20.63±1.78 19.30±1.96 <0.001

Physiological data on admission
Heart rates (beats/min)† 118.62±30.19 111.70±31.96 126.70±25.81 <0.001

Respiratory rate (beats/min)† 30.78±12.00 28.87±13.67 33.01±9.24 0.001

Oxygen saturation (%)† 80.45±24.34 76.97±29.44 84.52±15.66 0.004
SBP (mm Hg)† 126.29±26.92 117.38±24.11 136.69±36.35 <0.001

DBP (mm Hg)† 70.53±25.63 63.41±28.20 78.83±19.26 <0.001

MAP (mm Hg)† 87.04±29.58 77.60±32.94 98.06±20.20 <0.001
Comorbidity, n (%)

Hypertension§ 116(33.0) 63(33.3) 53(32.7) 0.902

Coronary artery disease§ 81(23.1) 43(22.8) 38(23.5) 0.876
Diabetes mellitus§ 86(24.5) 49(25.9) 37(22.8) 0.503

COPD§ 107(30.5) 37(19.6) 70(43.2) <0.001

Chronic renal failure§ 82(23.4) 44(23.3) 38(23.5) 0.969
Sepsis§ 143(40.7) 79(41.8) 64(39.5) 0.663

Severity on admission
APACHE II score* 14.00(9.00–18.00) 12.00(9.00–17.00) 15.00(12.00–18.00) <0.001
GCS* 9.00(7.00–12.00) 11.00(7.00–13.00) 8.00(7.00–12.00) 0.060

Induction agent, n (%) 274(78.1) 128(67.7) 146(90.1) <0.001

Paralytic agents, n (%) 0.443
Succinylcholine§ 5(1.4) 3(1.6) 2(1.2)

Rocuronium§ 9(2.6) 3(1.6) 6(3.7)

None§ 337(96.0) 183(96.8) 154(95.1)

(Continued)
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The Construction of Nomogram Model Based on Risk Factors
We analyzed risk variables in the training cohort of 351 patients with severe pneumonia (162 with PIH) by the LASSO 
binary logistic regression model. Combining clinical experience and LASSO regression results, we screened for seven 
predictors with non-zero coefficients (Figure 2A and B, Supplementary Table 4). After multivariable logistic regression 
analysis, age (OR: 1.022, 1.004–1.040), BMI (OR: 0.680, 0.585–0.790), APACHE II score (OR: 1.118, 1.056–1.185), 
heart rate (OR: 1.014, 1.004–1.024), systolic blood pressure (OR: 1.029, 1.018–1.041), induction agent use (OR: 3.579, 
2.216–4.937), and history of COPD (OR: 2.341, 1.257–4.361) were the primary risk factors for PIH (Figure 3). We 
weighted the regression coefficients of the risk factors incorporated in the regression model and constructed a risk score 
formula to predict PIH. Risk score = −2.004 + 0.021 (age) - 0.386 (BMI) + 0.112 (APACHE II score) + 0.014 (heart rate) 
+ 1.275 (if induction agent is used) + 0.029 (systolic blood pressure) + 0.851 (if COPD is positive). Predicted risk =1/(1 
+ e−risk score) (Supplementary Table 5). We developed a nomogram model for predicting PIH based on the above risk 
factors and regression coefficients. A real case is shown in Figure 4.

Validation and Evaluation of the Nomogram
In order to assess the fit of the prediction model in the study, we performed an internal validation of the nomogram 
model. We used calibration curves to assess the agreement between the predicted and observed results in the validation 
process. The nomogram model’s predictions and observations fit well in the training cohort (Hosmer-Lemeshow χ2 = 
5.335, p = 0.721) (Figure 5A). Furthermore, we also assessed the fit between predicted and observed outcomes in the 

Table 1 (Continued). 

Variables All Patients (n=351) Non-PIH (n=189) PIH (n=162) P value

Time from emergency department visit to 
endotracheal intubation, median (IQR), h*

4.60(3.10–6.10) 4.90(3.35–6.40) 4.40(2.70–5.90) 0.126

Mode of respiratory support prior to intubation, 
n (%)

0.535

Usual care (nasal cannula and facemask)§ 100(28.5) 58(30.7) 42(25.8)
Non-invasive ventilator ventilation§ 159(45.3) 85(45.0) 74(45.7)

High-flow nasal cannula§ 92(26.2) 46(24.4) 46(28.4)

Laboratory tests
White blood cell count (×109/L)* 10.95(7.12–16.34) 10.70(7.25–16.13) 11.28(7.10–16.74) 0.331

Neutrophils (G/L)* 9.45(5.65–13.62) 9.31(5.48–13.42) 9.72(5.75–14.48) 0.354

Percentage of neutrophils (%)* 87.40(80.00–92.40) 86.20(75.90–92.85) 88.45(82.90–92.32) 0.053
Lymphocytes (G/L)* 1.22(0.81–1.60) 1.21(0.84–1.53) 1.25(0.81–1.68) 0.841

NLR* 7.53(3.73–13.64) 7.10(3.44–13.45) 7.65(4.25–13.91) 0.420

Hematocrit (L/L)* 0.33(0.27–0.40) 0.32(0.26–0.39) 0.33(0.27–0.40) 0.255
Hemoglobin (g/L)* 107.00(84.00–130.00) 105.00(80.00–128.00) 110.00(90.00–132.25) 0.030

Albumin (g/L)* 29.80(26.20–34.20) 28.30(24.90–33.45) 30.60(27.17–35.53) 0.002

Serum creatinine (μmol/L)* 87.00(59.00–147.00) 88.00(59.00–142.00) 83.50(57.75–148.50) 0.463
K+ (mmol/L)* 3.80(3.40–4.50) 3.80(3.40–4.50) 3.80(3.33–4.50) 0.762

Na+ (mmol/L)* 134.80(130.70–139.60) 135.30(130.55–139.60) 134.20(130.80–139.61) 0.756

Blood glucose concentration (mmol/L)* 8.40(6.40–11.70) 8.48(6.65–12.40) 8.10(6.30–10.60) 0.211
PH* 7.36(7.24–7.44) 7.38(7.23–7.45) 7.33(7.25–7.44) 0.429

PaCO2 (mmHg)* 36.60(29.30–51.60) 36.40(28.65–52.35) 37.80(29.38–51.60) 0.851
PaO2 (mmHg)* 70.50(58.10–93.10) 69.20(57.20–96.40) 71.05(58.58–89.83) 0.944

HCO3
− (mmol/L)* 20.50(16.10–25.40) 20.30(16.15–24.65) 20.10(16.07–26.53) 0.173

Lactate (mmol/L)* 2.30(1.60–4.30) 2.20(1.50–4.80) 2.30(1.60–3.80) 0.739

Notes: †Normally distributed continuous variables are presented as means with standard deviations and analyzed by Student’’s s t-test. *Non-normally distributed 
continuous variables are presented as medians with interquartile ranges and analyzed by non-parametric test. §Categorical variables are presented as frequencies with 
percentages and analyzed by Chi-square test or Fisher’ s exact test. 
Abbreviations: PIH, post-intubation hypotension; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; COPD, chronic 
obstructive pulmonary disease; APACHE II score, acute physiology and chronic health evaluation II score; GCS, glasgow coma scale; NLR, neutrophil-to-lymphocyte ratio.
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validation cohort, and the study also showed a good fit (Hosmer-Lemeshow χ2 = 8.706, p = 0.368) (Figure 5B). To assess 
the predictive performance of the nomogram model, we analyzed the results using the area under the ROC curve. We 
found no significant difference in AUC for the training cohort [AUC:0.856, 95% CI (0.818–0.894)] compared to the 
validation cohort [AUC:0.849, 95% CI (0.788–0.910)] (p = 0.841) (Figure 5C and Supplementary Table 6).

Clinical Usefulness
Decision curve analysis (DCA) is significantly superior for assessing the value of predictive models for clinical 
application and can quantify the net clinical benefit at different thresholds. In this study, we found that both the training 
and validation cohorts demonstrated higher net clinical benefit in the nomogram model compared to the thresholds of “no 
intervention” and “all intervention” (Figure 6A). Additionally, the clinical impact curves showed that patients at risk of 
PIH converged with those who experienced a PIH event within this risk threshold (Figure 6B and C). These results 
suggest that the PIH prediction model has good clinical application.

Figure 2 Variable selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) The tuning parameter (λ) in the LASSO 
model was selected for 10-fold cross-validation by the minimum criteria. The dotted vertical lines were drawn at the best values using the minimum criteria and 1 standard 
error of the minimum criteria (the 1-SE criteria). A λ value of 0.056, with log (λ), −2.883 was chosen (1-SE criteria) according to 10-fold cross-validation. (B) LASSO 
coefficient curves of the 40 variables. A coefficient profile plot was produced against the log (λ) sequence. Vertical line was drawn at the value selected using 10-fold cross- 
validation, where optimal λ resulted in 7 non-zero coefficients.

Figure 3 Multivariable logistic regression demonstrating the association of variables with PIH.
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Outcomes
Among the 500 patients with severe pneumonia, the mean number of days in the hospital was 8.00 (3.00–19.00), the in-hospital 
mortality rate was 51.8%, and the 28-day mortality rate was 48.6%. PIH events occurred in 234 (46.8%) of all patients. The 
length of hospital stay, length of ICU stay, 28-day mortality, and in-hospital mortality were all significantly higher in patients with 
PIH than in those with non-PIH (Table 2). In addition, we performed a survival analysis of 28-day mortality in patients with 
severe pneumonia. The results showed that the early period (within one week) in which a PIH event occurred did not significantly 
impact patient prognosis. When the PIH event occurred one week later, mortality in patients with PIH increased progressively 
with time (Figures 7 and 8).

Figure 4 Nomogram for predicting the risk of PIH in critically ill patients. The patient was 86 years old and had a history of COPD. Prior to endotracheal intubation the 
patient’s BMI was measured at 18.99 kg/m2, heart rate was 139 beats/min, systolic blood pressure was 120 mmHg and APACHE II score was 14. Additionally, an induction 
agent was used prior to endotracheal intubation. The patient’s score was 392 and the probability of a hypotensive event after intubation was 82.9%.

Figure 5 Discrimination and calibration of nomogram prediction models in the training and validation cohorts. (A) Calibration plot in the training cohort. (B) Calibration 
plot in the validation cohort. (C) ROC curves in both the training and validation cohorts.
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Discussion
In this study, we analyzed clinical data from 500 patients with severe pneumonia to develop and validate 
a nomogram model of PIH. Our results, analyzed by LASSO and multivariable logistic regression, showed that 
age, BMI, APACHE II score, heart rate, systolic blood pressure, induction agent use, and history of COPD were 
the main predictors of PIH. We developed a nomogram prediction model based on these predictors. After 
evaluating the model’s fit, clinical utility, and predictive performance, the nomogram showed good calibration, 
discrimination, and clinical utility.

In the emergency department, endotracheal intubation is one of the most effective ways to improve ventilation, 
increase oxygen saturation and save the lives of critically ill patients.20 However, PIH is one of the most common 
complications that affect emergency physicians’ management of critically ill patients.6,12,21–23 More scholars have tried 
to explore the risk factors for PIH events and to develop early predictive models for them. In a retrospective study that 
included 147 critically ill patients, pre-intubation blood pressure, use of induction agents and intubation complications 
were the main risk factors for PIH.14 In critically ill patients with COVID-19, an albumin level <2.92 g/dL was strongly 
associated with the occurrence of PIH.24 In an observational study that included 4866 trauma patients, age, heart rate, and 
SBP were the main variables in a PIH scoring system. The scoring system had an AUC of 0.820 and good predictive 
performance, but it failed to visualize the system and was not convenient for clinicians to apply.25 In addition, Zhou 
et al26 developed a prediction model for PIH using machine learning methods and showed good predictive performance 
with an AUC of 0.865 in the training cohort. However, the prediction model by Zhou et al lacked analysis of inducer 
use,23,27 which may have biased the prediction results. In this study, we combined clinical practice and multivariable 
logistic regression results to develop a PIH prediction model for patients with severe pneumonia. Risk variables such as 
pre-intubation vital signs, disease severity, and pre-intubation medication were incorporated into the model. The 
nomogram model had an AUC of 0.856, suggesting good predictive performance. Furthermore, we visualized the 
model, which has good application in clinical practice.

Figure 6 Evaluation of clinical utility of nomogram prediction models in the training and validation cohorts. (A) Decision curves in both the training and validation cohorts. 
(B) Clinical impact curve in the training cohort. (C) Clinical impact curve in the validation cohort.

Table 2 Outcomes in Patients with or Without Post-Intubation Hypotension

Outcome All Patients (n=500) non-PIH (n=266) PIH (n=234) X2/Z P value

Hospital length of stay, median (IQR), d 8.00(3.00–19.00) 7.00(3.00–15.25) 9.00(3.00–22.25) −2.493 0.013

ICU length of stay, median (IQR), d 2.00(0.00–14.00) 0.00(0.00–11.00) 5.00(0.00–18.00) −3.340 0.001

In-hospital mortality, No. (%) 259(51.8) 119(44.7) 140(59.8) 11.357 0.001
28-day mortality, No. (%) 243(48.6) 114(42.9) 129(55.1) 7.504 0.006

Abbreviation: PIH, post-intubation hypotension;
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COPD is a common respiratory disease that plays an important role in developing PIH.28 When patients with severe 
pneumonia are being treated, respiratory distress, reduced oxygen saturation, anxiety, agitation or other causes can lead to 
functional disturbances in the body. For example, increased sympathetic tone, adrenaline secretion, and preload and 
afterload pressures on the heart,29 lead to normal or elevated blood pressure in patients. In addition, the presence of 
COPD may further exacerbate the symptoms of hypoxia and hypercapnia in the organism.30 When patients’ respiratory 
distress and hypoxia are improved by endotracheal intubation, the patient’s sympathetic tone will be significantly 
reduced, the preload and afterload of the heart will change, and those patients with normal SBP prior to intubation 
may experience PIH events.14,25,31 Therefore, a normal SBP before intubation may be an artifact and needs to be 
carefully screened by clinicians. In this study, COPD was the main risk factor for PIH. COPD increased the risk of PIH 
events by 2.341 times relative to patients without COPD. Moreover, SBP serves as an important indicator of vital signs. 

Figure 7 Cumulative mortality in patients with tracheal intubation based on Kaplan-meier curves. (A) Cumulative mortality in all patients with tracheal intubation. (B) 
Comparison of cumulative mortality in post-intubation hypotensive patients and non-post-intubation hypotensive patients.

Figure 8 Comparison of 7-day and 28-day mortality in tracheally intubated patients.
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The finding in this study that pre-intubation SBP was higher in the group of patients who developed hypotension is 
inconsistent with the findings of Heffner et al.8 We believe that the inclusion of different study populations will influence 
the final results. In the Heffner AC study, all emergency department patients were included. In contrast, only patients 
with severe pneumonia in the emergency department were analyzed in this study, and most patients with severe 
pneumonia could significantly improve ventilation and oxygen saturation with endotracheal intubation. Thus, this may 
be one of the reasons for the high pre-intubation SBP in this study. In clinical practice, we should pay more attention to 
patients who are preintubation agitated and have COPD.

Besides a history of COPD and SBP, the patient’s age, BMI and APACHE II score should also be assessed before 
endotracheal intubation. Several studies have demonstrated that age as a main risk factor for PIH. In this study, the mean 
age of the patients in the PIH group was 68 years, which is consistent with the age of the patients who experienced 
hypotensive events in the Smischney NJ team’s study.14 Patients of advanced age are more likely to have a PIH event 
related to reduced physiological reserve or co-morbidities.25 Regarding BMI, it has been suggested that patients with 
a low BMI tend to have poor nutritional status and are more likely to develop PIH.32 In this study, patients with PIH had 
a lower BMI than the non-PIH group. Thus, the incidence of PIH is significantly higher in older and lower weight 
patients and should be of greater concern to clinicians. Additionally, the APACHE II score, an important variable in 
assessing the severity of a patient’s condition,33 was also strongly associated with PIH events. In this study, APACHE II 
score was dramatically higher in the PIH group than in the non-PIH group [15.00 (12.00–18.00) vs 12.00 (9.00–17.00), 
p<0.001]. The results indicated that critically ill patients often have multiple organ dysfunction and were weaker than the 
normal population in regulating all body functions.

Inducers, as one of the drugs often used prior to intubation, are chosen with great care in terms of type. The use of 
induction agents during endotracheal intubation is often associated with the incidence of PIH.27,34 Inducers can 
contribute to the development of PIH by inhibiting the action of catecholamines in the body35 and suppressing 
adrenocortical function.36,37 In a retrospective study that included 469 critically ill patients in the emergency department, 
induction agents increased the incidence of PIH events.27 The association of induction agents with PIH was also 
confirmed in the study by April et al.38 In this study, we found that the use of induction agents prior to intubation 
increased the risk of hypotensive events by 3.579-fold, consistent with the findings of the investigators mentioned above. 
In addition, patients in the PIH group had significantly higher rates of propofol [147 (62.8) vs 126 (47.4), p=0.001] and 
remifentanil [32 (13.7) vs 19 (7.1), p=0.016] than those in the non-PIH group. These results suggested that propofol and 
remifentanil may have contributed to PIH events. However, some investigators have found that ketamine, a safer 
induction agent with sympathomimetic properties that indirectly releases catecholamines39 and reduces the risk of 
hypotension, may be used in patients who are hemodynamically unstable in the emergency department.40 Other studies 
have shown that etomidate does not inhibit sympathetic tone or myocardial function and produces minimal hemodynamic 
changes during endotracheal intubation.41,42 Therefore, the choice of induction agent still needs further confirmation in 
prospective clinical studies with large samples.

Although a predictive model for PIH in patients with severe pneumonia was developed in this study, there are still 
some limitations. Firstly, this research is a non-randomized retrospective clinical study, and there may have been 
selection bias in the inclusion of patients. Secondly, induction agents are the main risk factors for PIH, and different 
induction agents may produce different hemodynamic effects. Therefore, the characteristics of different inducers need to 
be considered when applying predictive models. In addition, different inducers may be applied in different regions or 
hospitals. Only three inducers were applied in this study, resulting in the possibility that accurate prediction results may 
not be obtained when applying other inducers and cannot be generalized to a larger population. Finally, this study was 
internally validated using only retrospective data and lacked results validated in prospective trials. Our team will conduct 
a multicenter prospective validation in a subsequent study to further assess the validity and clinical application value of 
the prediction model.
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Conclusion
In this study, we developed and validated a predictive model for the occurrence of PIH in patients with severe 
pneumonia. Although this nomogram model allows individualized prediction of post-intubation hypotensive events, 
more prospective trials are needed for validation.
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