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Purpose: Hypotension after emergency endotracheal intubation (ETI) is one of the major complications from emergency
airway management. The aim of this study was to determine the possible risk factors that may predict postintubation
hypotension (PIH) and its impact on in-hospital mortality.
Methods: We conducted a retrospective, standardized chart review of consecutive emergency department patients that
required intubation between January 2011 and December 2014. Patients were divided into 2 groups according to the
presence or absence of PIH. PIH was defined as any recorded systolic blood pressure with less than 90 mmHg or mean
arterial pressure with less than 65 mmHg within the 60-minute period after intubation. The outcome measures were in-
hospital mortality, as well as intensive care unit and hospital length of stay.
Results: The incidence of PIH was 23% (80 of 352 patients). Patients in the PIH group were slightly older and had more
comorbid diseases than those in the non-PIH group. PIH patients had a significantly higher mortality rate (54% vs. 30%,
p<0.01). PIH was a strong predictor for in-hospital mortality of intubated patients (hazard ratio, 2.3; 95% confidence inter-
val, 1.3 to 3.4).
Conclusion: Older age, lack of skill, history of hypertension, low albumin and pH, and elevated were risk factors for the
occurrence of hypotension after ETI. Patients with PIH show increased risk of in-hospital mortality.
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Introduction

Hypotension after emergency endotracheal intubation

(ETI) is one of major complications during emergency

airway management. Comparing to elective intubations

performed in the operating room, emergent ETI can be

considered risky and challenging. Several studies

focused on postintubation hypotension (PIH) have

shown poor outcomes including mortality, length of stay,

and other outcomes of patients with PIH1-5).

In a systematic review of PIH associated with emer-

gent intubation in emergency department (ED) and

intensive care unit (ICU) patients, the incidence of PIH

ranged from 0.5% to 44% with a pooled estimate of

11%6). Despite of considering the study design and

inhospital location, PIH is a common event after ETI.

Variable factors such as positive pressure ventilation,

anesthetic agents, and preexisting comorbidities may

contribute to hemodynamic alterations after ETI7). Based

on literatures, there were few studies describing of PIH

as their primary objective with focusing prediction as

well as its outcomes in the ED settings8,9). For emergency

medicine practitioners, predicting and evaluating out-

comes of the hemodynamic complication after rapid

sequence intubation (RSI) can be helpful for safe perfor-

mance.

The aim of this study was to determine the risk factors

predicting of PIH and the impact of PIH on in-hospital

mortality.
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Materials and Methods

1. Study setting and population

We conducted a retrospective, standardized chart review

of consecutive ED patients requiring intubation at an

urban, tertiary-care teaching hospital, from January 2011

to December 2014. We included all adult patients (≥18

years) who required ETI. ETI was defined as the passage

of an endotracheal tube through a patient’s glottis in any

patient intubated in the ED. Training in emergency airway

management is done in the emergency airway course by

the emergency airway committee as core curriculum.

Patients with the following conditions were excluded

from the study: 1) systolic blood pressure (SBP) mea-

surements less than 90 mmHg or mean arterial pressure

(MAP) less than 65 mmHg before intubation; 2) received

inotropic agents; 3) had cardiac arrest (Fig. 1).

2. Study protocol and data collection

This study was approved by the institutional review

board before implementation. For analyzing risk factors

of hemodynamic instability, patients were divided into 2

groups according to the presence or absence of PIH. PIH

was defined as any recorded SBP less than 90 mmHg or

MAP less than 65 mmHg within the 60-minute period

after intubation. The outcome measures were in-hospital

mortality as well as ICU and hospital length of stay. A

structural telephone follow-up was performed for

patients who were transferred to other hospital before

completion of management.

Patients were identified through an electronic chart

review after sorting all potential subjects with our proce-

Article Summary

What is already known in the previous study

Hypotension after emergency endotracheal intubation

(ETI) is one of major complications during emergency

airway management. Several studies focused on postin-

tubation hypotension (PIH) have shown poor outcomes

including mortality, length of stay, and other outcomes

of patients with PIH.

What is new in the current study

Variable factors such as positive pressure ventilation,

anesthetic agents, and preexisting comorbidities may

contribute to hemodynamic alterations after ETI.

Fig. 1. Algorithm of the selection of patients.
ED: emergency department, PIH: postintubation hypotension



dure code of endotracheal tube. Record review and data

collection were performed by two independent

researchers. The data were collected as follows: demo-

graphic data, patient comorbidities, ED clinical vari-

ables, biochemistry tests of blood, and medications pre-

scribed upon intubation.

3. Statistical analyses

Continuous variables were expressed as mean±stan-

dard deviation or median and interquartile ranges (IQR)

and, when appropriate, were compared for statistical dif-

ferences using independent t tests or Mann-Whitney U-

tests. Categorical variables are reported as numbers and

percentages using chi-square test or Fisher exact test. For

all statistical tests, p<0.05 was considered significant.

Variables found to be statistically significant in the

univariate analysis were selected as candidates for the

subsequent multivariate analysis using PIH as the depen-

dent variable. This model was refined using forward

stepwise elimination with Hosmer-Lemeshow goodness-

of-fit test.
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Table 1. Characteristics of the patients

Total Non PIH PIH
Variables Group Group Group p-value

(N=432) (N=352) (N=80)

Male sex 266 (62) 216 (61) 50 (63) <0.85
Age (yr) 64±17 63±18 71±14. <0.01
Body weight (kg) 61±13 61±13 60±11. <0.64
Comorbidities

Hypertension 210 (49) 156 (44) 54 (68) <0.01
Heart failure 34 (8) 21 (6) 13 (16) <0.01
COPD 23 (5) 15 (4) 08 (10) <0.04
Liver disease 15 (4) 11 (3) 4 (5) <0.49
Diabetes mellitus 109 (25) 091 (26) 18 (23) <0.53
End stage renal disease 24 (6) 15 (4) 09 (11) <0.01

Case (non-trauma) 300 (69) 242 (69) 58 (73) <0.51
GCS before intubation 9.4±4.3 9.4±4.3 9.6±4.7. <0.81
Vital status, before intubation

SBP (mmHg) 160±42. 162±410 149±450. <0.01
DBP (mmHg) 88±22 89±22 84±24. <0.03
Heart rate (rate/min) 104±29. 103±290 108±310. <0.18
Shock index* 0.70±270 0.68±0.25 0.79±0.33. <0.01

Laboratory value before RSI
WBC (×103 cells/μL) 13.4±6.0. 13.4±6.00 13.4±6.20. <0.97
Hemoglobin (g/dl) 12.8±2.6. 12.9±2.60 12.6±2.50. <0.40
Platelet (×103 cells/μL) 241±92. 240±900 246±101. <0.65
Total bilirubin (mg/dL) 0.8±1.4 0.9±1.5 0.8±0.6. <0.63
Albumin (g/dL) 3.9±0.7 4.0±0.6 3.6±0.9. <0.01
Blood urea nitrogen (mg/dL) 22.0±19.5 20.1±16.0 27.0±30.1. <0.08
Creatinine (mg/dL) 1.6±1.8 1.6±1.9 1.7±1.5. <0.67
Sodium (mmol/L) 139±6.4 139±5.9. 137±8.00 <0.03
Potassium (mmol/L) 4.3±6.6 4.3±7.3 4.1±0.9. <0.77
pH 7.3±0.1 7.3±0.1 7.3±0.2. <0.01
PCO2 (mmHg) 42±17 41±16 47±21. <0.03
PaO2 (mmHg) 110±95. 116±101 84±55. <0.01
O2 saturation (%) 88±17 89±16 83±21. <0.02
Bicarbonate (mmol/L) 21±6. 21±50 21±70. <0.86

Values are presented as mean±standard deviation or number (%).
PIH: postintubation hypotension, COPD: chronic obstructive lung disease, GCS: Glasgow Coma Scale, SBP: systolic blood
pressure, DBP: diastolic blood pressure, RSI: rapid sequence intubation, WBC: white blood cell
* Shock index: heart rate/systolic blood pressure.
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The cumulative survival rates between groups were

assessed using Kaplan-Meier survival curves and the

log-rank test. To determine the independent factors of

inhospital mortality, we performed univariate Cox pro-

portional hazards analysis and variables with p<0.1 were

entered in multivariate full model. The results are

expressed as hazard ratio and 95% confidence interval

(CI). All analyses were performed using SPSS ver. 15.0

(SPSS Inc., Chicago, IL, USA) and Microsoft Excel

(Microsoft Corp., Redmond, WA, USA).

Results

A total of 432 patients were enrolled to the study. The

mean age of patients was 64±17 years, and 62% of

them was male. The median time to intubation after RSI

was 2 minutes (IQR, 1 to 3 minutes). Of 80 patients with

PIH, 64 patients (80%) received intravenous fluids and

inotropics for hemodynamic support. Sixteen 0f 80

patients (20%) received intravenous fluids only. There

were 2 patients (3%) with PIH who were still in shock

state regardless of the aggressive management before

admission to the ICU. Baseline demographics and clini-

cal characteristics of the study subjects are outlined in

Table 1. Table 2 documents medications prior to ETI and

ventilator parameters in the ED. The incidence of PIH

was 18%. The median time to hypotension after ETI was

25 minutes (IQR, 12 to 48 minutes). Of 432 patients, 388

(90%) patients received etomidate for sedation.

Neuromuscular blocking agents were used for 88% of

patients for ETI. There were no significant differences of

the use of the medications and ventilator parameters

between the groups (Table 2).

Table 2. RSI medications and ventilator parameters

Total Non PIH PIH
Variables Group Group Group p-value

(N=432) (N=352) (N=80)

More than 2 consecutive attempts for intubation 19 (4) 11 (3) 08 (10) <0.01
Sedatives 399 (92) 327 (93) 72 (90) <0.63

Etomidate 388 (90) 318 (90) 70 (88)
Midazolam 08 (2) 06 (2) 2 (3)
Ketamine 03 (1) 03 (1) 0 (0)

Etomidate dose/kg (mg/kg) 0.29±0.09 0.29±0.09 0.27±0.10. <0.12
Neuromuscular blocking agents 382 (88) 313 (89) 69 (86) <0.03

Rocuronium 335 (78) 269 (76) 66 (83)
Vecuronium 047 (11) 044 (13) 3 (4)

Dose of rocuronium (mg/kg) 0.71±0.22 0.72±0.22 0.69±0.24. <0.38
Dose of vecuronium (mg/kg) 0.11±0.17 0.10±0.17 0.17±0.22. <0.51
Ventilator parameters

PEEP (cmH2O) 5.7±2.2 5.6±2.3 6.0±2.0. <0.17
Tidal volume (ml/kg) 7.3±1.6 7.3±1.7 7.3±1.2. <0.95

Values are presented as mean±standard deviation or number (%).
RSI: rapid sequence intubation, PIH: postintubation hypotension, PEEP: positive end expiratory pressure

Table 3. Logistic regression analysis for predicting postintubation hypotension

Variables OR 95% CI p-value

Age (yr) 1.02 1.00-1.04 0.034
No. of intubation attempts 3.15 1.11-8.92 0.031
Hypertension 2.59 1.44-4.68 0.002
Albumin (g/dL) 0.64 0.43-0.96 0.030
pH 0.15 0.03-0.78 0.025
Shock index 3.24 1.24-8.46 0.016

OR: odds ratio, CI: confidence interval, Hosmer-lemeshow test χ2, p=0.16.
* Number of intubation attempts: ≥2 consecutive attempts of intubation.



Patients of the PIH group were slightly older, had

more comorbid disease than the no PIH group.

Comparing the vital signs before ETI, blood pressure

(BP) of the hypotensive patients tend to be lower along

with higher in shock index (the quotient of heart rate

divided by SBP) than the patients having normal BP

after ETI. Meanwhile, there were no differences found in

laboratory variables except the value of albumin and

sodium. On arterial blood analysis, the hypotensive

patients were found to have hypercabia (47±21 vs. 41±
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Table 4. Hospital mortality and intensive care unit and hospital length of stay

Non PIH PIH
Variables Group Group p-value

(N=352) (N=80)

Hospital mortality 105 (30) 43 (54) <0.01
Hospital stay (day) 29.3±35.5 25.6±34.6 <0.41
ICU stay (day) 15.3±16.8 15.8±19.2 <0.80

Values are presented as mean±standard deviation or number (%).
ICU: intensive care unit, PIH: postintubation hypotension

Table 5. Cox proportional hazard for inhospital mortality regression analysis

Variables Hazard ratio 95% CI p-value

PIH 2.32 1.31-3.35 <0.001
Age (yr) 1.02 1.01-1.04 <0.001
Glasgow coma scale 0.92 0.88-0.95 <0.001
pCO2 (mmHg) 0.98 0.97-0.99 <0.001

CI: confidence interval, PIH: postintubation hypotension

Fig. 2. Kaplan Meier analysis.
PIH: postintubation hypotension
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16, p=0.03) and hypoxemia (84±55 vs. 116±101,

p<0.01) (Table 1).

The logistic regression model to the end point of PIH

has demonstrated that shock index, age, multiple

attempts of intubation, and the medical history of hyper-

tension were significant prognostic factors for hypoten-

sion after ETI. Whereas ongoing DM, relatively normal

albumin, and pH were less likely factors associated with

the occurrence of hypotension after ETI (Table 3).

Of the 432 patients, 148 died in the hospital for an

overall mortality rate of 34%. The PIH patients had sig-

nificantly higher mortality rate (54% vs. 30%, p<0.01)

than the non PIH group. However, there were no statisti-

cal differences in hospital and ICU stay between the

groups (Table 4). Among the independent variables in

cox-proportional hazard analysis for inhospital mortality,

PIH was the strong predictor for inhospital mortality of

intubated patients (hazard ratio, 2.3; 95% CI, 1.3 to 3.4)

(Table 5). In Kaplan Meier survival curves, the mean

survival time of the PIH patients was significantly short-

er than the counterpart (101±11 vs. 145±5, Log-rank

test p=0.000) (Fig. 2).

Discussion

In this study, we observed an occurrence of 18% of

PIH within one hour after emergent tracheal intubation

in hemodynamically stable patients before intubation in

the ED. Increasing age, multiple attempts of intubation,

hypertension, and high shock index (SI) were indepen-

dently associated with the development of PIH. When

controlling other factors, PIH was the strong predictor of

inhospital mortality. Prediction of potential factors for

developing postintubation hypotension and evaluation of

its impact on mortality could be helpful for emergency

physician to guide the emergent tracheal intubation in

the ED.

ETI can be cardinal lifesaving procedure in critically

ill patients10,11). Patients who need this procedure may

result in suboptimal condition11). Complications related

to ETI include both mechanical adverse events (dental

trauma, malpositions) and broader life-threatening events

(hypotension, dysrhythmia, and hypotension)1-7,9,12-15).

Despite the fact that hypotension after ETI is a common

complication in the ED, there are little information about

predicting the associating factors and its significance.

PIH may be based on multiple factors, including

comorbidities and hemodynamic alterations7). Besides,

PIH may be related to other factors such as skills of

physicians, medications to facilitate ETI, baseline condi-

tions of patients in the ED6,14). Our study showed that,

multiple attempts of intubation was significantly corre-

lated with the development of PIH. If a difficult intuba-

tion is anticipated, more experienced physician should be

allocated for the task, and alternative airway techniques

and accessory device should be considered16). Etomidate

is considered as a safe and effective agent for use in a

range of patients undergoing rapid sequence intubation

in the ED17,18). We also found no clear association with

the use of etomidate as an induction agent and the devel-

opment of hypotension after ETI. The use of neuromus-

cular blockers have protective effect for the development

of PIH in studies based on ED settings8,9). However, we

did not find any statistically significant difference with

the use of these agents.

Although heart rate did not show the difference

between the groups, SI before ETI was independently

associated with PIH in this study. Similarities were

observed in other study that SI was confirmed for a pre-

dictor of PIH in the ED and ICU8,19). Elevated SI was a

useful marker to evaluate acute critical illness in the ED

where patients had apparently stable vital signs at

triage20). Heffner et al8) evaluated predictors of the com-

plication of PIH during emergency airway management

in 300 patients in the ED, and they concluded that the

elevated SI was a strong predictor of systolic hypoten-

sion after ETI. A similar association between preintuba-

tion SI and postintubation systolic hypotension was

found in the study of ICU patients19). We also found that

elevated SI significantly predicts the development of

PIH. In patents who are in high-risk, hemodynamic sup-

port, such as empiric volume loading, blood transfusion,

and peri-RSI catecholamine support is necessary. The

RSI medication of these patients should be selected

according to clinical condition using hemodynamically

stable agents and its dose8).

PIH is one of an adverse events that may occur during

ETI, however, few studies described the impact of the

event on patient mortality2,5,9). Despite of confounding

results about the association between the PIH and hospi-

tal mortality, emergency physicians cannot oversight the



development of PIH in terms of its impact on patient

morbidity and mortality2,9). We did observe increased

inhospital mortality associated with PIH and may insist

of its importance to outcome in intubated patients. The

results of this study can be the foundation of further

investigation into an area of safe lifesaving ETI.

Emergency physicians should consider therapeutic

options to reduce PIH and its adverse outcomes.

There are several limitations to this study. First, there

are potential biases because of a retrospective analysis.

Second, our chart review was done at a single center, as

so a multi-center cohort study should be followed to

address PIH. Third, we only used noninvasive blood

pressure measurements, therefore, discrete hemodynamic

changes may have undetected.

Conclusion

This study suggested that variable factors induce

postintubation hypotension. Older age, lack of skill, his-

tory of hypertension, low albumin and pH, and elevated

SI were risk factors for occurrence of hypotension after

ETI. Apparently, patients with PIH show increased risk

of inhospital mortality. Further studies are needed to

investigate therapeutic strategies to reduce PIH in high

risk populations.
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