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Purpose: Postintubation hypotension (PIH) is a recognized complication that increases both in-hospital mortality and hospital length 
of stay. Sepsis is reportedly a factor associated with PIH. However, no study to date has examined which factors, including the 
intubation method, may be clinical predictors of PIH in patients with sepsis. This study aims to investigate factors associated with the 
occurrence of PIH in patients with suspected sepsis in emergency department.
Patients and Methods: This retrospective cross-sectional study was performed over a 5-year period (January 2013–December 2017) 
and involved patients with suspected sepsis who underwent endotracheal intubation in the emergency department of Ramathibodi 
Hospital. The patients were divided into those with and without PIH, and factors associated with the occurrence of PIH were analyzed. 
PIH was defined as any recorded systolic blood pressure of <90 mmHg within 60 minutes of intubation.
Results: In total, 394 patients with suspected sepsis were included. PIH occurred in 106 patients (26.9%) and was associated with 
increased in-hospital mortality (43.00% in the PIH group vs 31.25% in the non-PIH group, P = 0.034). Multivariable logistic 
regression showed that the factors associated with PIH were an age of ≥61 years (adjusted odds ratio [aOR] 2.25; 95% confidence 
interval [CI] 1.14–4.43; P = 0.019) and initial serum lactate concentration of >4.4 mmol/L (aOR 2.00; 95% CI 1.16–3.46; P = 0.013). 
Rapid sequence intubation and difference types of induction agents was unrelated to PIH.
Conclusion: Monitoring the development of PIH in patients with sepsis is essential because of its correlation with higher in-hospital 
mortality. This is particularly critical for older individuals and those with severe infections and high initial lactate concentrations.
Keywords: postintubation hypotension, sepsis, emergency department intubation

Introduction
Along with hypoxemia, arrhythmia, and cardiac arrest, postintubation hypotension (PIH) is among the most undesirable 
complications after emergency endotracheal intubation.1–5 A systematic review showed that in the emergency department 
(ED), the incidence of PIH ranged from 6.5% to 16.7% and reached 20% in critically ill patients.6 Postintubation 
hemodynamic decompensation increases both the in-hospital mortality and hospital length of stay.7,8

Sepsis is a life-threatening condition which is typically seen in the ED. Patients with sepsis manifest with a wide range of 
clinical severity, some patients presented with impaired oxygenation and ventilation which required emergency endotracheal 
intubation.9 Rapid sequence intubation (RSI) is an intubation technique widely used in the ED to facilitate high success rate of 
intubation. However, several studies have been reported numbers of immediate complication after RSI.10

Intravascular hypovolemia, increased intrathoracic pressure, and effects of anesthetic medications used in RSI are 
significant contributors to the development of PIH.11 Among the patients intubated by the RSI method, sepsis was 
a significant factor with increasing up to 9 folds of odd associated with the development of PIH. However, factors contributing 
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to PIH in patients with suspected sepsis remain unclear.10 The objective of this study was to investigate the clinical factors 
associated with PIH, including RSI, in patients with suspected sepsis who undergoing intubation in the ED.

Materials and Methods
Study Design and Setting
This retrospective cross-sectional study was conducted at the ED of Ramathibodi Hospital, a university-affiliated super- 
tertiary care hospital in Bangkok, Thailand. The data were collected from the database and electronic medical record system of 
Ramathibodi Hospital from January 2013 to December 2017. This study was approved by the Committee on Human Rights 
Related to Research Involving Human Subjects, Faculty of Medicine Ramathibodi Hospital, Mahidol University (COA. 
MURA2017/564). The ethics committee waived the requirement for patient consent because of the nature of the study 
(medical record review). Patient data confidentiality was ensured, and the study complied with the Declaration of Helsinki.

Participants
Participants were patients with suspected or confirmed sepsis - defined as the presence (probable or documented) of 
infection together with systemic manifestations of infection with two of the four following clinical signs: body 
temperature of >38.3°C or <36.0°C, heart rate of >90 beats/minute, respiratory rate of >20 breaths/minute, alternating 
consciousness, and white blood cell count of >12,000/µL or <4000/µL or presence of >10% band forms.12

Patients who aged >15 years and underwent intubation in the ED were enrolled. Patients who were intubated before 
arrival at the ED and those who had developed cardiac arrest or systolic blood pressure (SBP) of <90 mmHg within 30 
minutes before intubation were excluded.

Data Collection and Outcome Measures
Patients baseline characteristics including sex, age, body weight; comorbidities and current medications; pre-intubation 
laboratory assessments; patient disposition status and hospital length of stay were electronically extracted from the 
Ramathibodi Hospital database. Data including source of infection; time to receipt of antibiotics; amounts of intravenous 
fluid administration; indications and method of intubations; drugs and dosages used for facilitating intubation; hemody-
namic parameters; as well as procedures or interventions before and after intubation were reviewed and collected from 
the electronic medical record system. A standardized data collection sheet and guidance were used for data acquisition. 
Regular meetings among the authors were conducted to identify and resolve any encounter problems during the data 
acquisition process.

Post-intubation hypotension (PIH) was defined as the occurrence of one of any following incidents within 60 minutes 
after intubation: SBP of <90 mmHg or a 20% decrease from the pre-intubation SBP, mean arterial pressure (MAP) of <65 
mmHg, fluid resuscitation of >30 mL/kg or vasopressor administration.8

Statistical Analysis
Statistical analyses were performed with Stata software version 14.0 (StataCorp, College Station, TX, USA). Comparison 
of two independent proportions was used for the sample size calculation. The probability of the expected values (p) was 
0.26 and 0.13, according to the prevalence of PIH among patients who underwent RSI and non-RSI as reported by 
Smischney et al.8 Therefore, the minimum sample size was determined to be 339 patients.

Categorical variables were presented as number and percentage (%), whereas numerical variables were presented as mean ± 
standard deviation (SD) or median and interquartile range (IQR), as appropriate. The chi-square test or exact probability test was 
used to compare independent categorical variables. Student’s t-test was used for parametric variables to compare two 
independent numerical variables, while the Wilcoxon rank-sum test was used for non-parametric variables.

The association of potential clinical factors with PIH was identified using exploratory modeling multivariable logistic 
regression, presented with adjusted odds ratio (aOR) and 95% confidence interval (95% CI). The selected clinical factors 
in this model consisted of the factors that had the significant association of PIH from the univariable analysis and from 
the literature review. All results were considered statistically significant at a P-value of <0.05.
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There were 25 missing variables which 16 of them were missing <5%. The 3 variables with the most missing values 
were amount of intravenous fluid administered prior to intubation (44%), body weight (35%), and initial lactate level 
(24%). Multiple imputation using chained equations with 30 imputed datasets was performed to handle with the missing 
data.13,14

Results
In total, 394 patients with suspected sepsis who were intubated in the ED of Ramathibodi Hospital were enrolled 
(Figure 1). PIH occurred in 106 patients (26.90%) within 20 (5–38) minutes after intubation, most commonly from 0 to 5 
minutes (26.42%) (Figure 2). The patients’ baseline characteristics are shown in Table 1. Most patients were male 
(55.58%), and their mean age was 70.83 ± 15.30 years. The mean age of patients in the PIH group was significantly 
higher than that in the non-PIH group (74.07 vs 69.64 years, respectively; P = 0.011). Likewise, when analyzed using the 
Youden index, the cut-off point was 61 years. The number of patients aged ≥61 years was significantly greater in the PIH 
than non-PIH group (86.79% vs 74.65%, respectively; P = 0.001).

Respiratory tract infection was the primary cause of sepsis (64.47%), and acute respiratory failure was the most 
common indication for intubation (85.53%). In the laboratory assessment, the PIH group had a higher median lactate 
concentration than the non-PIH group (4.6 vs 3.4 mmol/L, respectively; P = 0.014), while the other test results showed no 
statistically significant difference. There was also no difference between the two groups in the source of infection, 
comorbidities, antihypertensive medications, or treatments such as the time to antibiotic administration, amounts of 
intravenous fluids administered prior to intubation, and vasopressor drug use.

Table 2 shows the intubation process and outcome between the PIH and non-PIH groups. There was no significant 
difference in the pre-intubation hemodynamic parameters, including the mean MAP (P = 0.311) and the median shock 
index (P = 0.998). With respect to essential factors associated with intubation, the most common methods of choice were 

Figure 1 Study flow diagram.
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RSI (38.07%). Comparison between the PIH and non-PIH groups showed that neither RSI nor other intubation methods 
were associated with the incidence of PIH (P = 0.206).

The most commonly used medications for intubation were etomidate (35.03%) as an induction or sedative agent and 
succinylcholine (35.53%) for paralytic agent. The rate of midazolam use was significantly higher in the PIH than non- 
PIH group (21.7% vs 11.81%, respectively; P = 0.013), while other medications showed no difference. Moreover, 
58.82% of drugs were correctly given at weight-based doses. Nevertheless, the reductions or increases in doses did not 
affect the likelihood of PIH (P = 0.092).

The overall mortality during hospitalization was 34.41% and was significantly higher in the PIH than non-PIH group 
(43.00% vs 31.25%, respectively; P = 0.034). However, the median hospitalization duration was not different between 
the two study groups (P = 0.632).

The variables associated with the occurrence of PIH were identified by the multivariable logistic regression analysis. 
Variables which were confirmed as potential clinical factors include age of ≥61 years with an adjusted OR of 2.25 (95% 
CI, 1.14–4.43) and initial lactate concentration of ≥4.4 mmol/L with an adjusted OR of 2.00 (95% CI, 1.16–3.46). 
However, use of midazolam was not statistically significantly increase the odds of occurrence of PIH (Table 3).

Figure 2 Incidence of PIH by time after intubation. 
Abbreviation: PIH, postintubation hypotension.

Table 1 Baseline Characteristics Between Patients with PIH and Non-PIH Groups

Variables Total  
(n = 394)

PIH  
(n = 106)

Non-PIH  
(n = 288)

P-value

Age, years 70.83 ± 15.30 74.07 ± 13.40 69.64 ± 15.79 0.011

Age of ≥61 years, N (%) 307 (77.92) 92 (86.79) 215 (74.65) 0.010

Sex – male, N (%) 219 (55.58) 65 (61.32) 154 (53.47) 0.164

Weight, kg 54.37 ± 9.73 53.27 ± 8.11 54.79 ± 10.27 0.264

(Continued)
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Table 1 (Continued). 

Variables Total  
(n = 394)

PIH  
(n = 106)

Non-PIH  
(n = 288)

P-value

Comorbidities, N (%)

Hypertension 214 (54.31) 57 (53.77) 157 (54.51) 0.896

Diabetes mellitus type 2 128 (32.49) 33 (31.13) 95 (32.99) 0.727

Chronic artery disease 57 (14.47) 18 (16.98) 39 (13.54) 0.389

Chronic kidney disease 53 (13.45) 14 (13.21) 39 (13.54) 0.931

End-stage renal disease 26 (6.60) 6 (5.66) 20 (6.94) 0.649

Chronic obstructive pulmonary disease or asthma 50 (12.69) 12 (11.32) 38 (13.19) 0.620

Malignancy 87 (22.08) 23 (21.70) 64 (22.22) 0.911

Cerebrovascular disease 90 (22.84) 30 (28.30) 60 (20.83) 0.117

Immunocompromised status 58 (14.72) 17 (16.04) 41 (14.24) 0.654

Outpatient antihypertensive medications, N (%) 197 (50.26) 61 (58.10) 136 (47.39) 0.060

ACE inhibitors or ARBs 51 (12.94) 15 (14.15) 36 (12.50) 0.665

Beta-blocker 85 (21.57) 24 (22.64) 61 (21.18) 0.755

Calcium channel blocker 101 (25.63) 33 (31.13) 68 (23.61) 0.129

Diuretic 57 (14.47) 13 (12.26) 44 (15.28) 0.451

Alpha-blocker 31 (7.87) 6 (5.66) 25 (8.68) 0.323

Vasodilator 32 (8.12) 7 (6.60) 25 (8.68) 0.503

Source of infection, N (%)

Respiratory tract 254 (64.47) 56 (52.83) 198 (68.75) 0.091

Gastrointestinal tract 32 (8.12) 10 (9.43) 22 (7.64)

Urinary tract 47 (11.93) 18 (16.98) 29 (10.07)

Skin 14 (3.55) 6 (5.66) 8 (2.78)

Nervous system 17 (4.31) 6 (5.66) 11 (3.82)

Primary bacteremia 15 (3.81) 4 (3.77) 11 (3.82)

Unknown 15 (3.81) 6 (5.66) 9 (3.13)

Indication for intubation, N (%)

Acute respiratory failure 337 (85.53) 89 (83.96) 248 (86.11) 0.591

Altered mental status 57 (14.47) 17 (16.04) 40 (13.89)

Pre-intubation laboratory assessment

Lactate, mmol/L† 3.7 (2.2–6.8) 4.6 (2.3–9.3) 3.4 (2.1–6) 0.014

Lactate of ≥4.4 mmol/L, N (%) 121 (40.60) 44 (53.01) 77 (35.81) 0.007

Bicarbonate, mmol/L 20.48 ± 6.04 20.84 ± 6.66 20.34 ± 5.80 0.477

Albumin, g/L 26.21 ± 6.81 25.80 ± 7.14 26.36 ± 6.69 0.506

(Continued)
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Table 1 (Continued). 

Variables Total  
(n = 394)

PIH  
(n = 106)

Non-PIH  
(n = 288)

P-value

Resuscitation prior to intubation

Time to antibiotics, minutes† 92 (60–152) 85 (59–140) 98 (65–152.5) 0.339

Time to antibiotics >60 min, N (%) 285 (74.80) 74 (70.48) 211 (76.45) 0.230

Amount of intravenous fluid administered, mL† 550 (200–1500) 500 (170–1060) 600 (200–1650) 0.163

Vasopressor administered, N (%) 17 (4.31) 6 (5.66) 11 (3.82) 0.425

SpO2 <90 before intubation, N (%) 121 (32.10) 29 (28.43) 92 (33.45) 0.353

NIV prior to intubation, N (%) 108 (27.41) 21 (19.81) 87 (30.21) 0.040

Notes: †Data are presented as median (interquartile range) and p-value was calculated using the Wilcoxon rank sum test. 
Abbreviations: PIH, post-intubation hypotension; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; NIV, noninvasive 
ventilation.

Table 2 Clinical Predictors Within Intubation Process and Outcomes Between PIH and non-PIH Groups

Variables Total  
(n = 394)

PIH  
(n = 106)

Non-PIH  
(n = 288)

P-value

Intubation method, N (%)

Without medication 136 (34.52) 34 (32.08) 102 (35.42) 0.206

Awake intubation 108 (27.41) 36 (33.96) 72 (25.00)

Rapid sequence intubation 150 (38.07) 36 (33.96) 114 (39.58)

Induction drug, N (%)

Etomidate 138 (35.03) 34 (32.08) 104 (36.11) 0.456

Ketamine 16 (4.06) 4 (3.77) 12 (4.17) 1.000

Propofol 1 (0.25) 1 (0.94) 0 (0.00) 0.269

Fentanyl 1 (0.25) 0 (0.00) 1 (0.35) 1.000

Midazolam 57 (14.47) 23 (21.70) 34 (11.81) 0.013

Diazepam 43 (10.91) 10 (9.43) 33 (11.46) 0.568

Paralytic drug, N (%)

Succinylcholine 140 (35.53) 33 (31.13) 107 (37.15) 0.268

Rocuronium 10 (2.54) 3 (2.83) 7 (2.43) 0.733

Appropriate drug dosage used, N (%)

Standard dose (75–125%) 150 (58.82) 35 (48.61) 115 (62.84) 0.092

Overdose (>125%) 5 (1.96) 2 (2.78) 3 (1.64)

Reduced dose (<75%) 100 (39.22) 35 (48.61) 65 (35.52)

More than one intubation attempt 27 (6.85) 7 (6.60) 20 (6.94) 0.906

(Continued)
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Discussion
In this retrospective observational study, we found that the incidence of PIH among suspected sepsis patients was 26.90% 
and the incidence mostly occur within 5 minutes after emergency intubation. We also found that an age of ≥61 years and 
initial lactate concentration of ≥4.4 mmol/L were the potential clinical factors associated with PIH, whereas pharmaco-
logical-facilitated intubation, adjustment for drug dosage, pre-intubation hemodynamic parameters, and interventions 
provided prior to intubation were not associated with PIH.

The incidence of PIH in this study was higher than that in other studies (11–20%).6–8,15 This may have resulted from 
the specific sepsis population being more likely to have hemodynamic instability than other diseases.16 Because PIH was 
associated with life-threatening complications such as post-intubation cardiac arrest, the incidence of overall mortality 

Table 3 Univariable and Multivariable Logistic Regression Analyses of Clinically Significant Association for 
Postintubation Hypotension

Variables Univariable Analysis Multivariable Analysis

OR 95% CI P-value aOR 95% CI P-value

Age of ≥61 years 2.23 1.20–4.16 0.011 2.25 1.14–4.43 0.019

Serum lactate level of ≥4.4 mmol/L 1.76 1.06–2.91 0.028 2.00 1.16–3.46 0.013

Midazolam used for induction 2.07 1.15–3.71 0.015 1.86 0.81–4.28 0.140

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval.

Table 2 (Continued). 

Variables Total  
(n = 394)

PIH  
(n = 106)

Non-PIH  
(n = 288)

P-value

Pre-intubation hemodynamic parameters (30 min prior to intubation)

Systolic blood pressure, mmHg 137.13 ± 31.80 134.74 ± 34.26 138.01 ± 30.86 0.366

Mean arterial pressure, mmHg 95.97 ± 20.46 94.25 ± 22.23 96.61 ± 19.77 0.311

Shock index† 0.86 (0.68–1.03) 0.87 (0.69–1.01) 0.85 (0.67–1.04) 0.998

Shock index >0.8 220 (55.84) 62 (58.49) 158 (54.86) 0.520

Post-intubation hemodynamic parameters

Systolic blood pressure, mmHg 122.51 ± 38.19 86.69 ± 27.85 135.69 ± 32.63 <0.001

Mean arterial pressure, mmHg 85.85 ± 25.03 64.34 ± 21.21 93.77 ± 21.43 <0.001

Shock index† 0.92 (0.73–1.19) 1.28 (1.03–1.60) 0.85 (0.67–1.00) <0.001

Resuscitation after intubation within 60 min

Vasopressor administered, N (%) 19 (4.82) 16 (15.09) 3 (1.04) <0.001

Amount of intravenous fluid administered, mL† 110 (80–500) 500 (300–700) 100 (80–120) <0.001

Clinical outcomes, N (%)

In-hospital mortality 128 (34.41) 43 (43.00) 85 (31.25) 0.034

ED mortality 6 (1.52) 1 (0.94) 5 (1.74) 0.569

Hospital LOS, days 12 (7–24) 13 (6–29) 12 (7–22) 0.632

Notes: †Data are presented as median (interquartile range) and p-value was calculated using the Wilcoxon rank sum test. 
Abbreviations: PIH, post-intubation hypotension; ED, emergency department; LOS, length of stay.
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during hospitalization was also higher.8 Additionally, we also found that thirteen patients developed cardiac arrest after 
intubation (3.3%). Of these patients, seven had immediate cardiac arrest and six had pre-existing PIH.

In this study, an age of ≥61 years was a risk factor for PIH. This result is consistent with the finding reported by 
Hasegawa et al,15 which demonstrated that an age of ≥65 years had 2.6 folds of odds of PIH. Moreover, Smischney et al8 

also found that every 10-year increase in age increased the incidence of PIH by 1.33 times. Concordance with previous 
study,17 higher lactate levels are not only associated with the severity of sepsis but also an increasing odds for PIH, 
accounting for a 2.00-times higher odds if the lactate level is >4.4 mmol/L.

Hypertension was the major comorbidity in our participants and was treated mainly by calcium channel blockers or beta 
blockers. Both antihypertensive agents cause slow pulse rates, and most medications in these categories are long-acting. As 
a result, they may obscure the tachycardia response during hypotension. Previous evidence showed that a shock index of >0.8 
was associated with PIH.18,19 However, no statistical significance difference was found in this study. This may be resulted 
from the use of antihypertensive agents as well. We also investigated the relationship between the use of antihypertensive 
agents and PIH. However, we found no difference between the two groups in the present study, which was similar to the 
previous study reported by Heffner et al.7

According to the study, RSI was no association with PIH. This may be due to the higher rate of using etomidate as an 
induction agent among the study population, which has less effect on hemodynamic changes than other induction agents.19–22 

Etomidate was mostly used in standard dosage (94.12% for PIH and 97.12% for non-PIH group) with an average of 0.30 ± 
0.02 mg/Kg in both groups. We also found that PIH less occurred in patients receiving etomidate who were administered 
intravenous fluid aggressively (>30 mL/kg) prior to intubation. Expanded intravascular volume after aggressive fluid 
administration increases the cardiac output and leads to hemodynamic stability. Our finding is similar to that in a study of a pre- 
intubation protocol in which fluid resuscitation prevented hemodynamic collapse following intubation.23

Previous evidence reported that etomidate had a strong association with adrenal insufficiency (AI) and mortality in 
critically ill patients, especially patients with sepsis.24,25 A major concern in using etomidate as an induction agent is its 
inhibition of adrenal mitochondrial 11-β-hydroxylase activity which effects the production of cortisol. Consequently, a decline 
in catecholamine response of vascular and impairment of the renin-angiotensin-aldosterone system may occur.26 However, 
some evidence disproved that there was no association between etomidate and an increase in mortality.27,28 Thus, using 
etomidate as an induction agents for emergency intubation in the sepsis patients is controversial.29

This study had some limitations. First, this was a retrospective study conducted in monocentric institution, partici-
pants’ generalizability may be limited. Second, there are no specific studies had focused on patients with septicemia and 
the occurrence of PIH. This may affect to the sample size calculation of this study. Third, we defined sepsis using initially 
established criteria. Some of the patients were later found to have viral infections or other inflammatory responses; thus, 
our patients may not accurately represent the bacterial septicemia population. However, our definition is more practical 
considering the time to intubation in critically ill patients. We defined PIH within the extended range of 60 minutes after 
intubation. Many factors can affect the hemodynamic stability, such as the parameters of invasive mechanical ventilator, 
but there were not shown in this study because of recording limitations.

Finally, multiple variables were missing according to the nature of retrospective study. Thus, multiple imputation 
strategy was performed for handling with missing data; however, results should be cautiously interpreted. A prospective 
study involving a larger number of patients from multiple institutions may help to increase the predictive accuracy of the 
associated factors.

Conclusion
The incidence of PIH tended to be high among patients with sepsis undergoing endotracheal intubation, and the incidence 
was associated with in-hospital mortality. Monitoring for PIH should be undertaken, especially in elderly patients and 
those who have severe infections with high initial lactate levels.

Data Sharing Statement
The datasets analyzed in this study are not publicly available owing to privacy issues but are available from the 
corresponding author upon reasonable request.
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