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Background: We aim to report the incidence of post-intubation hypotension in the critically ill, to report in-hospital mortal-
ity and length of stay in those who developed post-intubation hypotension, and to explore possible risk fac-
tors associated with post-intubation hypotension.

Material/Methods: Adult (>18 years) ICU patients who received emergent endotracheal intubation were included. We excluded
patients if they were hemodynamically unstable 60 minutes pre-intubation. Post-intubation hypotension was
defined as the administration of any vasopressor within 60 minutes following intubation.

Results: Twenty-nine patients developed post-intubation hypotension (29/147, 20%). Post-intubation hypotension was
associated with increased in-hospital mortality (11/29, 38% vs. 19/118, 16%) and length of stay (21 [10-37]
vs. 12 [7-21] days) on multivariate analysis. Three risk factors for post-intubation hypotension were identified
on multivariate analysis: 1) decreasing mean arterial pressure pre-intubation (per 5 mmHg decrease) (p-val-
ue=0.04; 95% Cl 1.01-1.55); 2) administration of neuromuscular blockers (p-value=0.03; 95% Cl 1.12-6.53);
and 3) intubation complication (p-value=0.03; 95% Cl 1.16-15.57).

Conclusions: Post-intubation hypotension was common in the ICU and was associated with increased in-hospital mortality
and length of stay. These patients were more likely to have had lower mean arterial pressure prior to intuba-
tion, received neuromuscular blockers, or suffered a complication during intubation.
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Abbreviations: APACHE - acute physiology and chronic health evaluation; ICU - intensive care unit; SOFA — sequential
organ failure assessment
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Background

Patients admitted to the intensive care unit (ICU) frequently
present with acute respiratory failure and/or cardiovascular col-
lapse, and endotracheal intubation is a frequently performed
procedure in the critically ill [1]. Not only do these patients pres-
ent in extremis, but cardiopulmonary reserves are often limited
compared to the non-critically ill. Endotracheal intubation per-
formed in a controlled, non-emergent setting, is associated with
few complications. However, when carried out within the ICU,
where conditions are frequently emergent, the complications
increase [2-5]. Complications that may result from this proce-
dure in the critically ill include, but are not limited to, hypoxemia,
aspiration, hypotension, and cardiac arrest [2-6]. Information
on airway-related complications is fairly robust; however, infor-
mation on the hemodynamic perturbations is limited. This is
of significant relevance, as studies performed in the emergen-
cy department setting have demonstrated increased morbid-
ity and mortality [7,8]. Heffner et al. demonstrated that post-
intubation hypotension, defined as any systolic blood pressure
less than 90 mmHg within 60 minutes of intubation, was as-
sociated with higher in-hospital mortality and longer ICU and
hospital length of stay [7]. These authors also analyzed risk
factors for post-intubation hypotension. On multivariate anal-
ysis, pre-intubation shock index, chronic renal disease, intuba-
tion for acute respiratory failure, and increasing age were inde-
pendently associated with the development of post-intubation
hypotension [9]. Green et al. performed a chart audit on adult
patients requiring emergent intubation over a 16 month peri-
od. They defined post-intubation hypotension as systolic blood
pressure <90 mmHg, a decrease in systolic blood pressure of
>20% from baseline, a decrease in mean arterial pressure to
<65 mmHg, or the initiation of any vasopressor during the 30
minutes following intubation. They concluded that increasing
age, chronic obstructive pulmonary disease, and pre-emergent
endotracheal intubation hemodynamic instability were associ-
ated with the development of post-intubation hypotension [10].

The above studies, similar to other studies, have evaluated pa-
tients presenting prior to ICU admission [7,9,11]. The ICU pa-
tient is distinctive from other patient populations. For example,
ICU patients comprise a mixed population with both medical
and surgical factors having potential influences on patient out-
comes. These same patients may have acquired certain diag-
noses such as acute renal failure during their ICU which was
not present prior to ICU arrival. Thus, risk factors that may be
important in other populations may not apply in the critical-
ly ill. In addition, several different definitions for post-intuba-
tion hypotension have been reported in the literature. The au-
thors of the current paper performed a prior study evaluating
six definitions for post-intubation hypotension. The six surro-
gates evaluated during the 60 minute post-intubation period
were: any systolic blood pressure <90 mmHg; any mean arterial
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pressure <65 mmHg; reduction in median systolic blood pres-
sure of >20%; any vasopressor administration; any non-sinus
rhythm and; and fluid administration of >30 ml/kg. We pre-
viously reported that, of the six definitions, only the require-
ment of vasopressors was associated with increased in-hospi-
tal and 90-day mortality, as well as increased ICU and hospital
length of stay [12]. Importantly, we performed this study in a
population of medical and surgical ICU patients.

Thus, our primary aim was to determine the incidence of post-
intubation hypotension and its effect on in-hospital mortality
and length of stay. Our secondary aim was to determine risk
factors for the development post-intubation hypotension, de-
fined as the requirement of any vasopressor within 60 min-
utes post-intubation, given the association with mortality and
length of stay in our prior study.

Material and Methods

All patients analyzed in the current study gave prior research
authorization for the use of their medical records. This study
was approved by the institutional review board.

Study design

Retrospective cohort study of critical care patients admitted to
a medical and surgical ICU during a two-year period.

Study population

The study population was obtained retrospectively from a
medical and surgical ICU at Mayo Clinic Rochester, Minnesota.
The surgical intensive care unit is a heterogenous popula-
tion of surgical patients, with the exception of transplant pa-
tients. Data was abstracted from both units during the period
of 01/01/2010 to 12/31/2011. The electronic medical record
was reviewed and data was collected from the initial ICU ad-
mission versus repeated ICU admissions, as evidence sug-
gests higher mortality with repeated ICU admissions [13,14].
Moreover, the two-year time period was chosen to limit vari-
ation in the intubation practice, which may confound the re-
lationship between the risk factor analyzed and post-intuba-
tion hypotension. Thus, the total cohort consisted of 6714
consecutive patients admitted to the two intensive care units
during the above time period. The cohort was further reduced
to 2684 adult patients (>18 years) who received invasive me-
chanical ventilation during their first ICU stay, excluding 101
patients who did not provide research authorization for the
use of their medical records.

For abstraction of the relevant data, we developed and validat-
ed two electronic search algorithms. This form of chart review
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Figure 1. Flow diagram of study patients.
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has become increasingly popular to conduct retrospective re-
views with studies validating the suitability of using electronic
search algorithms for data collection within clinical investiga-
tions [15]. Given that we were concerned about those critical
care patients who emergently needed invasive endotrache-
al intubation during their first ICU admission, we utilized two
electronic search algorithms to identify if a patient had an
emergent endotracheal intubation and when this procedure
took place. The electronic search algorithms have been previ-
ously published [16,17].

Based on the electronic search algorithms, 484 charts were
identified that fulfilled the criteria. For data integrity, all 484
charts were manually reviewed with 151 charts excluded, as
the patients had been intubated en-route to the ICU. Thus, our
final cohort consisted of 333 patients. Please refer to Figure 1
for a complete flow diagram of the process.

Post-intubation hypotension definition

As there is no consensus definition on post-intubation hypo-
tension, we previously performed a retrospective study with-
in our cohort to arrive at the best definition for post-intuba-
tion hypotension that accurately predicted in-hospital and
90-day mortality [12]. In that study, we evaluated six defini-
tions based on literature review and expert opinion. Of the six

definitions evaluated, only the requirement of vasopressors
post-intubation was associated with in-hospital and 90-day
mortality. Therefore, post-intubation hypotension was defined
as the requirement of any vasopressor at any time in the 60
minutes following emergent intubation. We excluded patients
who met any of the six definitions 60 minutes prior to intu-
bation given that pre-intubation hemodynamic instability is
likely to significantly confound any association between puta-
tive risk factors and post-intubation hypotension. In addition,
the population that is hemodynamically stable pre-intubation
is of interest as prevention can be undertaken to prevent he-
modynamic instability post-intubation. Hemodynamic mea-
surements (e.g., systolic blood pressure, diastolic blood pres-
sure, mean arterial pressure, heart rate) were obtained from
invasive (arterial) and non-invasive devices. All hemodynamic
measurements that were available in the 60 minutes pre- and
post-intubation were abstracted. Assessed patient outcomes
include ICU and hospital length of stay and ICU and in-hos-
pital mortality. The outcome assessors (N.J.S. and O.D.) were
blinded to the status of the groups.

Study protocol
The study protocol used four data abstractors (D.A.D., D.W.B.,

B...S, S.T.) who were blinded to each other. All four data ab-
stractors underwent training prior to study initiation, including
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database acquisition, electronic medical record instruction, and
practice under a supervising physician (R.K.). The data was cap-
tured from the Mayo Clinic ICU Data mart. This electronic med-
ical record is reliable and has been previously validated [18].
The four data abstractors followed a standard operating man-
ual for data collection. Data extraction variables included de-
mographic data, co-morbidities, illness severity, and smoking
status. Laboratory data consisting of hemoglobin, albumin, ar-
terial blood gas, lactate, and glucose levels were recorded for
at least 24 hours before and after emergent intubation. Total
fluid volume 24 hours pre- and post-intubation was record-
ed. The use of non-invasive ventilation was recorded in the 60
minutes pre-intubation and ventilator settings were recorded
in the 60 minutes following emergent intubation. Medications
used for emergent intubation, the indication for emergent in-
tubation, and complications (hypoxemia, esophageal intuba-
tion, vomiting/aspiration, and cardiac arrest) of emergent in-
tubation were recorded. Finally, sepsis diagnosis within the
preceding 24 hours of emergent intubation was document-
ed. Data not recorded in the electronic medical record were
coded as missing and not imputed. All the data was extracted
by four abstractors (D.A.D., D.W.B., B...S, S.T.) and 10% of the
medical records were selected at random and reviewed by the
supervising physician (R.K.) for accuracy using selected vari-
ables. Inaccuracies were resolved by a third investigator (N.J.S.).

Statistical analysis

The total cohort of 333 patients was reduced to 147 patients
after excluding those who met any of the pre-defined defini-
tions for post-intubation hypotension. Thus, the final cohort
of 147 patients was stratified by the presence or absence of
post-intubation hypotension, defined as any vasopressor re-
quirement at any time in the 60 minutes post-intubation.
Baseline characteristics were assessed in terms of age, sex,
weight, co-morbidities, total fluid volume, smoking status,
and illness severity.

We then preformed a univariate analysis on the data abstract-
ed to identify possible associations between any risk factors
and the development of post-intubation hypotension. Variables
that were found to be significantly associated with the outcome
of interest were then entered into a multivariable logistic re-
gression model. In the multivariate model, we chose to focus
on three possible confounders; age, Sequential Organ Failure
Assessment (SOFA) score on day one of ICU admission, and
Acute Physiology and Chronic Health Evaluation (APACHE I11)
score 24 hours from ICU admission. We recognize that there
are other possible confounders, but we did not want to over-fit
our final model given the number of subjects in the stratified
groups. Moreover, severity scores such as SOFA and APACHE
include a multitude of other variables to accurately refect the
patient’s severity of illness. Age, SOFA, and APACHE Il score
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were entered as continuous variables in the model as a sat-
isfactory linear model was demonstrated by plotting the es-
timated logits of the response variable (post-intubation hy-
potension) versus each of the predictor variables (age, SOFA,
and APACHE Il score). Multicollinearity was assessed by ex-
amining the variance inflation factor, with all variance infla-
tion factors being less than 5.0. Model fit was calculated us-
ing Harrell’s c-index [19]. The c-index for the models ranged
between 0.67-0.70. Odds ratios are presented with 95% con-
fidence intervals. All reported p-values are two-tailed, and a
value <0.05 was considered statistically significant. Continuous
measurements are expressed as mean * standard deviation
(SD) or median and interquartile (IQR) where appropriate, and
were compared for statistical differences using paired t-tests
or Mann Whitney U tests. Categorical variables are reported
as counts and percentages and were tested for significance
using Chi-square or Fisher’s exact tests when applicable. We
used SAS version 9.3 and JMP version 9.0 (SAS Institute Inc,
Cary, NC) statistical packages for all calculations.

Results

The final cohort consisted of 147 patients who were in need
of emergent endotracheal intubation during their first ICU
admission after excluding 186 patients who met any of the
aforementioned exclusion criteria (Figure 1). The demograph-
ic and clinical characteristics of total study subjects as well as
the subsets of hemodynamically stable (unexposed) and un-
stable (exposed) patients in the post-intubation period are
shown in Table 1.

The mean age of the study sample was 61.4 years and 45%
were female. The average APACHE Il score 24 hours from ad-
mission to the ICU was 81.7 with average SOFA score on day
1 of ICU admission of 7.6. Overall, etomidate was used in 61%
of intubations with midazolam and fentanyl used in 73% and
80% of emergent intubations respectively. Other common-
ly used medications included propofol (35%), ketamine (5%),
and neuromuscular blockers (52%) (Table 1).

The incidence of post-intubation hypotension was 20% (29 of
147 patients), utilizing our strict definition of any vasopressor
administration in the 60 minute post-intubation period. We
stratified the groups into those that developed post-intubation
hypotension and those that remained hemodynamically sta-
ble. Univariate analyses were performed on several variables
to identify possible risk factors for the development of post-
intubation hypotension. On univariate analyses, increasing age
(per 10 year increase) (OR 1.33, 95% Cl 1.00-1.79), decreasing
mean arterial pressure pre-intubation (per 5mmHg decrease)
(OR 1.23, 95% Cl 1.00-1.52), neuromuscular blocker administra-
tion (OR 2.30, 95% Cl 1.00-5.31), and presence of complications
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Table 1. Sample characteristics grouped by hemodynamic status post-intubation*.

Variables Total N=147 Stable N=118 Unstable N=29 P-value
Demographics
"""" Age(years)£sD  6142:1521  6022£1596  6628:1060 005
"""" Weight (lograms) 5D 806262203  8156:2246 767982010 030
"""" Sex(maleN(® 8 (5 e (5 13 @ o021
"""" SOFA(day)&SD 7611342 753330 793394 075
"""" APACHE Il (24 hours from admi) 45D 817942179 805942132 8666:2335 018

Congestive heart failure N (%) 20 (14) 15  (13) 5 (17) 0.52
"""" lschemic heart disease N (%) 35 (4 25 @) 10 (34 013
"""" Chronic obstructive lung disease N (%) 31 (1) 26 (@2 5 a7 os1
"""" AKI - emergent intubation N %) 69 (47) 57 (@8 12 @) 050
"""" Dialysis/CRRT - emergent intubationN (%) 7 (5 6 () 1 () 100
"""" Preumonia - emergent intubation N (%) 57 (39 45 (38 12 () 075
"""" End-stage renal diseaseN(%) 7 () 6 () 1 (3 10
"""" GrhosisNG® 1 @ 1 © o © o1
"""" StokeN®%®) 12 @® 10 © 2 @ 10
"""" Diabetes mellitus 2N (%) 29 (0 27 @) 2 @ 007

Airway protection N (%) 74 (50) 63 (53) 11  (38) 0.14
"""" Acuterespiratory failure N (%) 114 (78) 88 (5 26 (©0) 009
"""" Atered mental statusN %) 26 (18 22 (19 4 (4 060
"""" CardiacamestN®®) 2 @® 1 @® 1 @  o03x

Ketamine N (%) 7 (5) 4 3) 3 (10) 0.14
"""" FomidateN %) 8 (1) 72 () 17 (9 o081
"""" PropoflN %) 52 (35 40 (4 12 @) o045
"""" MidazolamN (%) 107 (3 8 (o 24 (83) o018
"""" FetanylN(6) 117 @) 92 (8 25 (8) 044
"""" Neuwromuscular blocker N (%) 67 () 49 (42) 18 (62  005™
"""" sepssNG) 45 (@) a1 (5 4 (4 o004

Intubation complication (yes) N (%) 12 (8) 7 (6) 5 (17) 0.05**
Airway difficulty (>1 attempt) N (%) 15 (10) 12 (10) 3 (10 1.00
NIV — emergent intubation N (%) 88 (60) 74 (63) 14 (48) 0.19
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Table 1 continued. Sample characteristics grouped by hemodynamic status post-intubation*.

Variables

Total N=147

Stable N=118 Unstable N=29 P-value

Hemodynamic assessment

Pre-intubation SBP (IQR) 120 (109-137) 110 (100-131) 0.09
"""" Pre-intubation MAP(QR) 79 (71-89) 73  (68-8) 005
”””” Pre-ntubation sl (R 092 (078-112) 099 (081-12) 036
Claboratoryassessment
"""" Pre-intubation lactate level (Q)) 16 (L1-23) 16 (L1-25 19 (0821 093
"""" Pre-intubation hemoglobin level (QR) 99 (87-116) 98 (85-116) 104 (©6-1) 060
"""" Pre-intubation albumin level (QR) 3 (2533 31 (734 25 (@5 04
"""" Pre-intubation bicarbonate level (QR) 245 (20-285) 24 (19.529) 25 (14-27.3) 08
"""" Pre-intubation leukocyte count (IQR) 126 (0-173) 12 (87-166) 15 (106-186) 007
CVentilatory parameters
"""" Postintubation MAPSD 14281494 14114502 15461 040
"""" Postintubation TVSD  53220:21580 53854422747 50512415729 048
"""" Postintubation PEEP+SD  B16$359 8094375 846s283 063
Totalaystalloidvolume (m)
"""" Pre-intubation (24 hours) £5D  1878:2181 19002187 1791s2193 063
"""" Postintubation (24 howrs) 5D 332642756 312942678 412842968 009
CTotalcolloidvolume (m)
"""" Pre-ntubation (24 hours) £50  l60x448 1724467 1108362 040
"""" Postintubation (24 howrs) 5D 2524505 2564545 234s299 084
CcUMetic
"""" Mechanical ventilation (days) 5D 487¢481  454:453 6208571 010

SD - standard deviation; N — number; SOFA — sequential organ failure assessment; APACE — acute physiology and chronic health
evaluation; AKI — acute kidney injury; CRRT — continuous renal replacement therapy; NIV — non-invasive ventilation; SBP — systolic
blood pressure; IQR — interquartile range; MAP — mean arterial pressure; SI — shock index; MAP — mean airway pressure; TV — tidal
volume; PEEP — positive end-expiratory pressure; ml — milliliters; ICU — intensive care unit. * Surrogate marker of hemodynamic status:
no vasopressor 60 minutes post-intubation (stable) vs. any vasopressor within 60 minutes following intubation (unstable); ** indicates

significance at p-value <0.05.

during emergent intubation (OR 3.30, 95% Cl 1.00-11.30) were
associated with the development of post-intubation hypoten-
sion (Table 2). Additional medications used to facilitate emer-
gent intubation including propofol, etomidate, ketamine, mid-
azolam, and fentanyl were not associated with the development
of post-intubation hypotension (Table 1). Those patients who
presented with the diagnosis of sepsis according to the 2008
sepsis guidelines had a decreased incidence of post-intubation
hypotension (OR 0.30, 95% CI 0.01-0.92) (Table 2). We did ex-
plore whether certain laboratory values such as lactate level,
hemoglobin level, bicarbonate level, leukocyte count, arterial

blood gas measurements, and albumin level were associated
with post-intubation hypotension, but none were significant
with the outcome of interest. We also did not find any asso-
ciation between post-intubation hypotension and ventilatory
parameters utilized (Table 1).

Multivariate analysis was then performed on the above risk
factors. After adjusting for age and illness severity (SOFA and
APACHE Il score), decreasing mean arterial pressure pre-intu-
bation (per 5 mmHg decrease), neuromuscular blocker admin-
istration, and intubation complication were associated with
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Table 2. Risk factors and protective factors associated with the development of post-intubation hypotension on univariable analysis.

Variable OR 95% C.I. p-value
Age (per 10 year increase) 1.33 1.00-1.79 0.05
 Mean arterial pressure (per 5 mmHg decrease) 123 100-1%2 005
 Neuomuscular blocker 23 100531 005
ntubation complication 330 1001130 005
Sepsis diagnosis® 030 001-092 004

OR - odds ratio; Cl — confidence interval. * Indicates protective effect.

Table 3. Risk factors and protective factors associated with post-intubation hypotension on multivariable analysis after adjusting for
age and illness severity (SOFA and APACHE Il score).

Variable OR 95% C.I. p-value
Mean arterial pressure (per 5 mmHg decrease) 1.25 1.01-1.55 0.04
 Newomuscular blocker 270 112653 003
intubation complication 425 1161557 003
Sepsis diagnosist 024 008076 002

OR - odds ratio; Cl — confidence interval. * Indicates protective effect.

Table 4. Post-intubation hypotension with hospital mortality and length of stay after adjusting for age and illness severity (SOFA and
APACHE Ill score).

Variable Stable (118) Unstable (29) p-value
Hospital mortality
N vae ney 001
Hospital length of stay (days)
peRI 127211 2110371 002

IQR — interquartile range.

the development of post-intubation hypotension (Table 3).
Sepsis diagnosis remained protective against post-intuba-
tion hypotension.

The overall in-hospital mortality rate for our cohort was 20.4%
and was higher in patients who developed post-intubation hy-
potension (37.9%) compared to those who did not (16.1%) (p-
value=0.01). Furthermore, patients who developed post-intuba-
tion hypotension had an increased median length of stay (21
[10-37] days versus 12 [7-21] days, p-value=0.02) (Table 4).

Discussion

Our data indicate that post-intubation hypotension is common
(20%) in critically ill patients who underwent intubation. Those
who developed post-intubation hypotension had a lower mean

arterial pressure 60 minutes prior to intubation than those
who did not develop post-intubation hypotension. These pa-
tients were also more likely to have received neuromuscular
blockers or develop a complication during the emergent intu-
bation. In addition, they were more likely to be of higher age.
On the other hand, those that were diagnosed with sepsis
during their ICU stay had a decreased incidence of post-intu-
bation hypotension. The above associations remained signifi-
cant even after adjustments for age and illness severity using
SOFA and APACHE Il score. Furthermore, post-intubation hy-
potension, using our strict definition, was associated with in-
creased hospital mortality and length of stay.

Patients admitted to the intensive care unit often have acute
respiratory failure and/or cardiovascular collapse. Furthermore,
physiologic reserve is frequently limited in this population due
to previous insults or the current disease process. In turn, they
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are more vulnerable than non-critically ill patients to proce-
dures performed in the intensive care unit, such as endotra-
cheal intubation. Despite the importance, its impact on patient
outcomes has not been well described in the literature, and
the reported incidence of post-intubation hypotension varies
considerably from 0 to 44% [10,11,13,20]. For example, Lin and
colleagues found that 28.6% of patients intubated in the emer-
gency department developed post-intubation hypotension and
other studies performed in non-emergency department settings
found a range between 9.6% and 38.6% [13,20-22]. Recently,
a systematic review conducted by Green and colleagues indi-
cated a summary estimate for the incidence of post-intuba-
tion hypotension as 11%, but the results were significantly lim-
ited by study heterogeneity [11]. Moreover, studies that did
evaluate outcomes associated with post-intubation hypoten-
sion suffered from a lack of a standard definition for post-in-
tubation hypotension [23-28]. Thus, this may account for the
widely dispersed incidence of post-intubation hypotension.
We found an incidence of post-intubation hypotension in our
study that was congruent with other studies.

Evidence dictates medications used for emergent intubation
may contribute to post-intubation hypotension [29,30]. We
did find that the use of a neuromuscular blocker (largely suc-
cinylcholine and rocuronium in the current study) was associ-
ated with post-intubation hypotension. However, we did not
find that other medications used to facilitate emergent intu-
bation were associated with subsequent hemodynamic insta-
bility. The finding of neuromuscular blocking agents contribut-
ing to post-intubation hypotension is in contrast to the finding
of Green et al. [10]. They found that the use of neuromuscu-
lar blockers was protective for post-intubation hypotension.
The use of a neuromuscular blocker could be hypothesized to
lead to post-intubation hypotension, as muscle relaxants are
quaternary ammonium compounds and thus, possess hista-
mine-releasing properties (vecuronium, rocuronium, etc.). When
large doses of certain muscle relaxants are injected rapidly by
the intravenous route, some degree of erythema of the face,
neck, and upper torso may develop, possibly together with a
brief fall in arterial pressure and a slight-to-moderate rise in
heart rate [31]. In addition, neuromuscular blockers, along with
antibiotics, are frequently cited as likely culprits of anaphy-
laxis during endotracheal intubation [32]. One cannot deter-
mine whether the association observed in our study is caus-
ative or rather related to an attribute of those patients who
were selected to receive neuromuscular blockade, thus further
research is warranted.

We found that a lower mean arterial pressure 60 minutes prior
to emergent intubation was also associated with an increased
risk of developing post-intubation hypotension. This finding is
similar to the finding of Green et al. [10]. Patients who have
less physiologic reserve, such as those with lower mean arterial
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pressure prior to emergent intubation and those with advanced
age (which we also found in our study), would likely be at in-
creased risk to develop post-intubation hypotension with the
introduction of positive intrathoracic pressure. As such, pre-
load may not be optimized in this group of patients. We also
demonstrated that patients who developed a complication
during emergent intubation had an increased risk of post-in-
tubation hypotension. Evidence suggests that complications
arising during emergent intubation may lead to hemodynam-
ic instability [22,33]. Complications noted in the current study
included hypoxemia, esophageal intubation, vomiting/aspira-
tion, and cardiac arrest.

Interestingly, we found that patients who were diagnosed
with sepsis during current ICU admission had a lower inci-
dence of post-intubation hypotension. Our data demonstrat-
ed that patients who were diagnosed with sepsis had a higher
total volume of intravenous fluid administered 24 hours pri-
or to emergent intubation. At our institution, patients meet-
ing the definition of sepsis have sepsis activation alerts that
lead to optimal fluid resuscitation based on current evidence.
Thus, we postulate that patients recognized as having sepsis
according to the notification system may have received op-
timal fluid resuscitation as compared to those who were not
recognized as having sepsis, resulting in a lower incidence of
post-intubation hypotension. Further speculation may be that
the physiology demonstrated in septic patients (i.e., high out-
put/low systemic vascular resistance) results in a reduced in-
cidence of post-intubation hypotension.

We found that post-intubation hypotension was associated
with increased in-hospital mortality and hospital length of
stay. Patients who developed hemodynamic instability had an
in-hospital mortality of 37.9% and median hospital length of
stay of 21 days, whereas those that remained hemodynami-
cally stable had an in-hospital mortality of 16.1% and median
hospital length of stay of 12 days. Our findings are consistent
with recent studies, which demonstrate that hemodynamic in-
stability post-intubation is associated with increased morbidity
and mortality. In addition, these studies have revealed a high-
er hospital length of stay as compared to those that remained
hemodynamically stable post-intubation [7,8,12].

Our study should be interpreted with caution, as there are sev-
eral important limitations, including all those inherit to a ret-
rospective study. The first and major concern was the sample
size. We conducted the current study over a two-year period
to limit the variation in intubation practice. By conducting the
study over a larger time frame, we may have found different
results. For example, with a bigger study size, we may have
found an association with induction medications (e.g., propo-
fol) and post-intubation hypotension. A second limitation is
the definition we chose for post-intubation hypotension. If we
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used other definitions found in the literature, we may have
identified other risk factors for the development of post-intu-
bation hypotension. However, we performed a previous study
in which we evaluated several definitions, based on literature
review and expert opinion, and found that any vasopressor
requirement within 60 minutes following intubation was the
only predictor of short and long-term mortality as well as other
important patient outcomes. Furthermore, this definition rep-
resents a treatment for hypotension and as such, the hypo-
tension must be severe and sustained to warrant vasoactive
administration. Finally, the administration of vasoactive med-
ications within the critically ill follows guidelines set forth by
the society that dictate when to begin vasoactive agents, such
as for patients presenting with sepsis who are still hypoten-
sive (mean arterial pressure <65 mmHg) after fluid administra-
tion [34]. Thus, we felt it was necessary to evaluate potential
risk factors for requiring vasopressors post-intubation. Other
limitations include data representative of a single academic
center, lack of standardized vital sign recording, lack of pro-
vider type performing intubation and duration of attempt(s),
lack of echocardiographic data for volume assessment, and
the possibility of missed intubations. The study was conduct-
ed through the use of a database used in our ICU’s to capture
important physiologic and pharmacologic data. The database
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is reliable and has been validated in other studies. Therefore,
we feel we captured the majority of intubations occurring in
the two ICU’s within our time frame.

Conclusions

Our study demonstrated that critically ill patients undergoing
emergent intubation have a higher than expected rate of post-
intubation hypotension and that these patients were more
likely to be of higher age, have a lower mean arterial pres-
sure prior to intubation, have received neuromuscular block-
ers during intubation, or have suffered a complication during
the intubation. Furthermore, post-intubation hypotension was
associated with increased in-hospital mortality and length of
stay. Interestingly, sepsis diagnosis conferred a protective ef-
fect against post-intubation hypotension. Future studies are
needed to confirm these associations.
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