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Introduction: Spontaneous intracranial hemorrhage (sICH) that increases intracranial pressure (ICP) is a life-
threatening emergency often requiring intubation in Emergency Departments (ED). A previous study of
intubated ED patients found that providing ≥5 interventions after initiating mechanical ventilation (pMVI)
reduced mortality rate. We hypothesized that pMVIs would lower blood pressure variability (BPV) in patients
with sICH and thus improve survival rates and neurologic outcomes.
Method:We performed a retrospective study of adults, who were transferred to a quaternary medical center be-
tween 01/01/2011 and 09/30/2015 for sICH, received an extraventricular drain during hospitalization. Theywere
identified by International Classification of Diseases, version 9 (430.XX, 431.XX), and procedure code 02.21. Out-
comes were BPV indices, death, and being discharged home.
Results:We analyzed records from 147 intubated patients transferred from 40 EDs. Forty-one percent of patients
received ≥5 pMVIs and was associated with lower median successive variation in systolic blood pressure (BPSV)
(31,[IQR 18–45) compared with those receiving 4 or less pMVIs (38[IQR 16–70]], p = 0.040). Three pMVIs,
appropriate tidal volume, sedative infusion, and capnography were significantly associated with lower BPV. In
addition to clinical factors, BPSV (OR 26; 95% CI 1.2, N100) and chest radiography (OR 0.3; 95% CI 0.09, 0.9)
were associated with mortality rate. Use of quantitative capnography (OR 8.3; 95%CI, 4.7, 8.8) was associated
with increased likelihood of being discharged home.
Conclusions: In addition to disease severity, individual pMVIs were significantly associated with BPV and patient
outcomes. Emergency physicians should perform pMVIs more frequently to prevent BPV and improve patients'
outcomes.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

Spontaneous intracranial hemorrhage that elevates intracranial
pressure (ICP) is a neurologic emergency with a high mortality rate
(35–52%) [1]. Patients with that combination usually require invasive
mechanical ventilation, which Zafar and colleagues found to be an inde-
pendent risk factor for mortality [2]. Since cerebral perfusion pressure
(CPP) is dependent on mean arterial pressure (MAP) [3], patients with
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spontaneous intracranial hemorrhage are susceptible to secondary inju-
ries, such as hypocapnia [4] and blood pressure variability, which is
associated with early neurologic deterioration [5,6] and an increased
risk of death [6-8]. Blood pressure variability is defined as the average
of absolute differences between consecutive blood pressure measure-
ments (successive variation [BPSV]), variation of blood pressure during
a period of time (standard deviation [BPSD]), or coefficient of variation
[BPCV]) [7].

Emergency physicians (EPs) frequently intubate critically ill patients
in the ED; however, they usually do not have significant training in
mechanical ventilation [9], increasing the risk of its inadequatemanage-
ment [10]. As a result, extended length of stay (LOS) in the ED has been
associated with worse outcomes for intubated trauma [11] and non-
trauma patients [12]. While there is scant information about what
constitutes good clinical practice formanagement followingmechanical
ventilation in the ED, EPs' proper interventions for mechanically
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ventilated patients were associated with improved patients' outcomes.
Fuller and associates showed that introduction of a lung-protective pro-
tocol for patients with acute respiratory distress syndrome (ARDS) im-
proved outcomes [13]. Bhat and colleagues [14] found that performing
five of the following seven post-mechanical ventilation interventions
improved the outcomes of patients destined for a medical intensive
care unit (ICU): 1) having appropriate tidal volume, 2) confirming
proper endotracheal tube position by chest X-ray, 3) checking arterial
blood gas (ABG) values, 4) inserting an orogastric or a nasogastric
tube for gastric decompression, 5) inserting a urethral Foley catheter,
6)monitoringpatients via quantitative capnography, and7)administer-
ing sedatives early.

The purpose of our study was to elucidate whether providing 5 or
more post mechanical ventilation interventions would affect blood
pressure variability during the ED stays of patientswith spontaneous in-
tracranial hemorrhage and elevated ICP, prior to transferring to a qua-
ternary academic center. Consequently, we also investigated whether
providing any individual post mechanical ventilation intervention
would also be associated with blood pressure variability and outcomes
in these critically ill patients.

2. Methods

2.1. Study settings

We retrospectively reviewed the charts of adults who experienced
spontaneous intracranial hemorrhage, were transferred to an academic
quaternary center (UMMC), and underwent extraventricular drain
(EVD) placement to temporarily relieve intracranial hypertension, dur-
ing hospitalization. Patients who were transferred from any referring
EDs between 01/01/2011 and 09/30/2015 were included. Patients
were identified by International Classification of Diseases, version 9
(ICD-9), code 430.XX or 431.XX [15,16] and procedure code 02.21
[16]. The study was approved by the institutional review board at the
medical center with which the corresponding author is affiliated.

We excluded patients whowere not transferred directly from refer-
ring EDs aswell as thosewhowere not accompanied by complete ED re-
cords. Because of our institution's clinical policy, we also excluded
patients who presented initially to our academic ED: after patients are
admitted to an inpatient team, such as the neurology critical care unit
(NCCU), they are not actively managed by ED providers, unless their
conditions deteriorate. Therefore, the management of admitted and
ED-boarding patients does not accurately reflect care by ED providers.

2.2. Data collection and management

The principal investigator of the study (QKT) trained other research
teammembers (GT, AU, JR, KP, TN,MCP, andHA) in data extraction. The
team members were blinded to the study's hypothesis. Data were ex-
tracted to a standardized Microsoft Access database (Microsoft Corp,
WA). To minimize bias, each investigator independently extracted sep-
arate variables. Up to 50% of the data were checked by the principal in-
vestigator to maintain an inter-rater agreement of at least 90%. The
group met every 3 months to discuss issues regarding data interpreta-
tion, data extractions, and data adjudication until data collection was
complete.

2.2.1. Independent variables
We obtained demographic and clinical data from three sources: re-

ferring ED records, transportation teams' documentation, and ICU re-
cords. Demographic data included date and time of ED triage and
departure from the referring ED, age, gender, weight, and height. Clini-
cal data included vital signs andGlasgowComa Scale (GCS) scores at tri-
age and ED departure, the presence of seizure prior to or during the ED
stay, ED tidal volume, and the results of arterial blood gas (ABG)
analysis.
Weused the seven interventionsdelineated byBhat et al. [14]: 1) ap-
propriate tidal volume, defined as 6 to 8 ml per kilogram (kg) of ideal
body weight; 2) documentation of confirmation of proper ETT position-
ing with chest X-ray, 3) insertion of an orogastric or a nasogastric tube
for gastric decompression, 4) insertion of a urethral Foley catheter,
5) ABG analysis, 6) initiation of continuous sedative infusion, and
7) use of quantitative capnography. We recorded the use of any post
mechanical ventilation intervention documented in any of the data
sources aswhen it was performed, notwhen itwas ordered by an emer-
gency care provider.

2.3. Blood pressure variability

Blood pressure variability has been shown to be associated with
poor outcome in patients with spontaneous intracranial hemorrhage
[6-8,17]. Since ED staffmembers do not record blood pressuremeasure-
ments regularly or hourly, we extracted four of those measurements at
clinically meaningful points: at ED triage (BPTriage) and at ED departure
(BPdepart) and then the highest one (BPhigh) and the lowest one (BPlow)
during the ED stay. The BPhigh and BPlow valueswere not the same as the
BPtriage and BPdepart values. If the BP at triage or departure happened to
be the highest or lowest value, then the next higher or lower value dur-
ing the ED stay was recorded.

The magnitude of systolic blood pressure during the ED stay
(MACdepart-triage) was calculated as previously described [5,8]:
√(BPdepart − BPtriage)2. The magnitude of absolute change between
the high and low systolic blood pressures (MACHigh-Low) was calcu-
lated as MACHigh-Low = (SBPHigh − SBPLow). The standard deviation

of BP (BPSD) was calculated [18,19] as √ ð 1
�
n−1Þ

R ðn−1Þ
ði¼1Þ ð BPi−BPmean Þ2.

The coefficient of variation of BP (BPCV) was calculated as ðSD�meanÞX100
[5,17,20]. Successive variations in blood pressure (BPSV) were calculated

[17,19,20] with the following equation: BPSV = √ ð1�ðn−1Þ Þ
R ðn−1Þ
i¼1

ðSBPiþ1−SBPiÞ2.

2.4. Outcome

Our primary outcome was the difference in blood pressure variabil-
ity indices among patients receiving four or fewer post mechanical ven-
tilation interventions versus those receiving five or more. The rationale
for selecting this number of interventions was based on the study by
Bhat and colleagues [14]. Secondary outcomes were Glasgow Coma
Scale on hospital day 5, which is associated with 90-day functional out-
come [21], being discharged directly to home, and death during hospi-
talization. We also examined factors associated with these outcomes.

2.5. Data analysis

Descriptive analyses involving demographic and clinical data were
used to describe characteristics of all patients requiring invasive me-
chanical ventilation and to compare patients receiving five or more
post mechanical ventilation interventions with those receiving four or
fewer of them. Continuous data were first tested for normality using
the Shapiro-Wilk test andwere then expressed asmean (standard devi-
ation [SD]) or median with interquartile (IQR) ranges and analyzed by
the student t-test or the Mann Whitney U test when appropriate. A
chi-squared test with Yates correction was used to compare categorical
data.

Backward stepwise multiple linear regression was used to assess
correlations between patients' characteristics, individual post mechani-
cal ventilation interventions, and continuous outcomes. Prior to
performing regression analyses, we logarithmically transformed non-
parametric continuous data. We used multivariable logistic regression
to assess associations between clinical data and two outcomes: in-
hospital mortality and being discharged directly to home. All statistical



1667G. Tuteja et al. / American Journal of Emergency Medicine 37 (2019) 1665–1671
tests were performed with Sigma Plot version 13 (Systat Software, San
Jose, CA, USA), and a p-value b0.05 was considered significant.

3. Results

During our study period, 378 patientsmet our ICD-9 criteria. For a va-
riety of reasons (Fig. 1), 231 were excluded, leaving 147 mechanically
ventilated patients with spontaneous intracranial hemorrhage who
were transferred from approximately 40 EDs and underwent EVD place-
ment during hospitalization at our quaternary medical center. We di-
vided the patients into two groups: Group A comprised 87 patients
who received four post mechanical ventilation interventions or fewer
and Group B comprised 60 patients who received five or more post me-
chanical ventilation interventions (Table 1). The two groups' characteris-
tics were similar except for two variables: Group A had a significantly
higher median GCS score at triage (10 [IQR, 6–14] vs 7 [IQR, 4–9] [p =
0.049]) and a shorter duration of mechanical ventilation in the ED (79
[IQR, 52–125] vs 121 min [IQR, 82–155] [p b 0.001]) (Table 1).

The two groups had similar percentages of appropriate tidal volume
and similar percentages of endotracheal tube confirmation by chest X-
ray, gastric decompression, and Foley catheter insertion (Table 2A).
Group B had significantly higher percentages of ABG analysis, continuous
sedative infusion, and monitoring with quantitative capnography
(Table 2A). Both groups also had similar patterns of inductionmedication
or paralytics used for intubation (Table 2B). Similarly, ventilation modes
and ventilator settings were also similar between 2 groups (Table 2B).
Fig. 1. Patient selec
Backward stepwise multiple linear regression analysis showed that
three clinical factors (age, systolic blood pressure, and GCS score at ED
triage) were significantly associated with several indices of Blood Pres-
sure Variability, i.e., BPSV, BPSD, and BPCV. Having either one of three post
mechanical ventilation interventions—appropriate tidal volume, contin-
uous sedative infusion, and quantitative capnography—was associated
with less blood pressure variability (Table 3). Appropriate tidal volume
(6–8 ml/kg) was associated with less BPSV, BPSD, and BPCV; continuous
sedative infusion and quantitative capnography were associated with
less BPSD and BPCV. Although there was no significant correlation be-
tween any individual post mechanical ventilation intervention with
Glasgow Coma Scale on hospital day 5, younger age (coefficient 0.92, p
= 0.008), higher triage GCS score (coefficient 1.14, p = 0.001) and
lower MACDepart-Triage (coefficient 0.99, p b 0.001) were associated
with higher Glasgow Coma Scale on hospital day 5 (Table 3).

Multiple logistic regression analyses showed that age (odds ratio
[OR] 1.9, 95% confidence interval (CI) 1.2,2.9] and GCS score at triage
(OR 0.57, 95% CI 0.3, 0.9) were significantly associated with death dur-
ing hospitalization. Higher BPSV (OR 26, 95% CI 1.3, N100, p = 0.036)
and MACDepart-Triage (OR 1.02, 95% CI 1.003, 1.04) were associated with
higher odd ratios for in-hospital mortality (Table 4). Similarly, the use
of quantitative capnography (OR 8.3, 95% CI 4.7, 8.8) was associated
with increased odds of being discharged home directly. In contrast, in-
creased MACHigh-Low (OR 0.92, 95% CI 0.88, 0.98) during the ED stay
was associated with lower odds of being discharged home directly
from the hospital.
tion diagram.



Table 1
Characteristics of patients with spontaneous intracranial hemorrhage requiring intubation at referring EDs prior to transfer to a quaternary academic medical center.

All MV patients
(N = 147)

≤4 interventions
(Group A) (N = 87)

≥5 interventions
(Group B) (N = 60)

p-Value
(A vs B)

Age (years), mean (SD) 58 (14) 60 (14) 56 (13) 0.07
Gender

Female, N (%) 81 (55) 49 (56) 32 (53) 0.84
Male, N (%) 66 (45) 38 (44) 28 (47)

Transport Type
Ground, N (%) 95 (65) 58 (67) 37 (62) 0.66
Air, N (%) 52 (35) 29 (33) 23 (38)

Type of hemorrhage
IPH 63 (43) 52 (60) 32 (53) 0.77
SAH 84 (57) 35 (40) 28 (47)

Seizure, N (%)
No 125 (85) 71 (82) 54 (90) 0.24
Yes 22 (15) 16 (18) 6 (10)

ESI, median [IQR] 2 [1–2] 2 [1–2] 1 [1–2] 0.45
Triage GCS, median [IQR] 9 [5–13] 10 [6–14] 7 [4–13] 0.049
Triage SBP (mm Hg), mean (SD) 184 (41) 183 (40) 185 (42) 0.74
Departure SBP, mean (SD) 147 (29) 147 (27) 148 (31) 0.77
Duration of MV in ED (min), median [IQR] 95 [60–145] 79 [52–125] 121 [82–155] b0.001
ED LOS (min), median [IQR] 171 [129–213] 171 [121–209] 171 [140–217] 0.342
ICU First GCS, median [IQR] 7 [4–8] 7 [4–9] 6 [4–8] 0.64
Intracranial opening pressure (cm H20), mean (SD) 25 [15–30] 25 [15–30] 25 [17–30] 0.21
BPSV 35 [21–50] 38 [25–55] 31 [18–45] 0.040
BPSD 47 [32–63] 48 [30–62] 45 [33–65] 0.98
BPCV 31 [20–41] 31 [20–40] 30 [21–43] 0.94
MACdepart-triage 45 (34) 44 (32) 47 (38) 0.54
MAChigh-low 58 (38) 62 (36) 53 (41) 0.17
HD5 GCS, median [IQR] 10 [5–13] 10 [5–11] 10 [5–11] 0.49
Survivors' LOS (day), median [IQR] 27 [18–35] 25 [18–33] 27 [20–36] 0.26
Mortality, N (%) 49 (33) 31 (36) 18 (30) 0.59
Discharge home, N (%) 16 (11) 9 (10) 7 (12) 1

Abbreviations: BPSV, successive variation in blood pressure; BPSD, standard deviation of blood pressure; BPCV, coefficient variation of blood pressure; cm, centimeter; ED, emergency de-
partment; ESI, Emergency Severity Index; GCS, Glasgow Coma Scale; HD5GCS, GCS score on hospital day 5; ICU, intensive care unit; IMV, invasive mechanical ventilation; IPH,
intraparenchymal hemorrhage; IQR, interquartile range; LOS, length of stay; MACdepart-triage, magnitude of absolute change between triage and departure blood pressures; min, minute;
MV, mechanical ventilation; SAH, subarachnoid hemorrhage; SBP, systolic blood pressure; SD, standard deviation.
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4. Discussion

In this study of patients with spontaneous intracranial hemorrhage
and elevated ICP being intubated in an ED, those who received five or
more post mechanical ventilation interventions had less successive var-
iation in blood pressure (BPSV), whichwas associatedwith a lower odds
ratio of in-hospital mortality. In addition to clinical factors such as sys-
tolic blood pressure at triage and at departure, providing any of the
three post mechanical ventilation interventions was associated with
less blood pressure variability. One post mechanical ventilation inter-
vention, confirming endotracheal tube placement with chest X-ray,
was associatedwith a significantly lower likelihood of death during hos-
pitalization. Another post mechanical ventilation intervention,
Table 2A
Comparison of frequencies of post-intubation interventions between groups of mechani-
cally ventilated patients.

Intervention, N (%)a All
patients

≤4
interventions
(Group A)

≥5
interventions
(Group B)

p-Value

Appropriate tidal volume 104 (71) 51 (35) 53 (36) 0.9
Chest X-ray 117 (80) 63 (43) 54 (37) 0.34
Gastric decompression 113 (77) 57 (39) 56 (38) 1.0
Urethral Foley catheter 129 (88) 71 (48) 58 (40) 0.16
ABG analysis 61 (41) 22 (15) 39 (27) 0.02b

Continuous sedative
infusion

69 (47) 24 (16) 45 (31) b0.01c

Quantitative capnography 18 (12) 4 (3) 14 (10) 0.03d

a Percentages were calculated based on total number of patients (N= 147).
b OR 0.5 (95% CI 0.27, 0.87).
c OR 7.9 (95% CI 3.7, 6.7).
d OR 0.27 (95% CI 0.08, 0.83).
monitoring patients with quantitative capnography, was associated
with an increased odds ratio of discharge directly to home.

Our finding that increased BPSV and MACDepart-Triage during ED stay
were associated with a higher odds ratio of in-hospital mortality is sup-
ported by previous studies [6-8]. The mechanism by which blood pres-
sure variability affects outcome in patients with spontaneous
intracranial hemorrhage is still unknown. Manning and colleagues hy-
pothesized that large fluctuations in systolic blood pressure could im-
pair cerebral autoregulation [7]. Blood pressure variation might
increase oncotic and hydrostatic pressure gradients in the perihemato-
mal region, which would exacerbate cerebral edema [7,22]. Therefore,
maintaining consistent bloodpressurewhileminimizing blood pressure
variability is important for enhancing patient outcome [7,22].
Performing a few post mechanical ventilation interventions was crucial
because theywere associatedwith decreased blood pressure variability,
and even a short period of blood pressure variability during ED stay ad-
versely affects the mortality rate, according to our data. Therefore, it is
good clinical practice for emergency physicians to direct the ED staff
to perform all appropriate post mechanical ventilation interventions
on patients with spontaneous intracranial hemorrhage and increased
ICP during ED stay to avoid early blood pressure variability and thus po-
tentially improve outcomes.

Ourfinding that confirming endotracheal tube placementwith chest
X-ray was associated with lower mortality is consistent with findings
reported by Bhat et al. [14], who showed that ED patients, destined for
medical intensive care unit and underwent chest-X-ray for endotra-
cheal tube placement confirmation, had a reduced risk of death (OR
0.10, 95% CI 0.01, 0.98). However, Bhat's study did not show that the
use of quantitative capnography was associated with outcome. In con-
trast, patients in our study who were monitored with quantitative
capnography had a significantly higher likelihood of being discharged
home. This observation suggests that physicians who monitor patients



Table 2B
Intubation medication and mechanical ventilator settings in patients with intracranial hemorrhage and requiring mechanical ventilation in ED.

All Patients
(N = 147)

≤4 Interventions
(Group A) (N = 87)

≥5 Interventions
(Group B) (N = 60)

p-value
(A vs B)

Induction medication, N (%)
Etomidate 92 (63) 52 (60) 40 (67) 0.49
Benzodiazepines 32 (22) 18 (20) 14 (23) 0.86
None 23 (15) 17 (20) 6 (10) 0.18

Paralytic Medication, N (%)
Succinylcholine 65 (44) 36 (41) 29 (48) 0.51
Rocuronium 55 (37) 32 (37) 23 (38) 0.99
Vecuronium 4 (3) 2 (2) 2 (4) 0.99
None 23 (16) 17 (20) 6 (10) 0.16

Ventilator mode, N (%)
PRVC 74 (50) 39 (45) 35 (58) 0.15
VC 61 (42) 41 (47) 20 (33) 0.13
Otherb 12 (8) 7 (8) 5 (8) 0.89

FiO2, mean, SD 0.5 (0.2) 0.49 (16) 0.47 (14) 0.37
Respiratory rate, breaths per minute, mean (SD) 16 (3) 16 (3) 16 (2) 0.57
Tidal volume (ml)a, mean (SD) 450 (57) 454 (58) 452 (55) 0.79
PEEP, cm H2O, mean (SD) 6 (2) 5.7 (2) 5.9 (2) 0.31
Peak airway pressure, cm H2O, mean (SD) 21.4 (6) 22 (6) 21 (7) 0.48

Cm, centimeter; FiO2, fraction of inspired oxygen; H2O, water;ml, milliliter; PEEP, Positive End Expiratory Pressure; PRVC, Pressure-regulated, volume-control; SD StandardDeviation; VC,
volume control.

a Tidal volume (milliliter) per kilogram of ideal body weight was reported in Table 2A.
b Other modes of ventilator settings (2 [1.3%] Continuous Mandatory Ventilation [CMV], 4 (2.7%) synchronized intermittent mechanical ventilation [SIMV], 6 Pressure Control [PC]).
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with capnography receive frequent and early information that enables
them to adjust ventilator settings to prevent hypocapnia and hypercap-
nia. Hypocapnia is associated with cerebral vasoconstriction and conse-
quently poor outcome in these high-risk patients [4,23] and duration of
hypocapnia has been associated with poor outcome among patients
with subarachnoid hemorrhage [4].

To our knowledge, our study is the first to suggest factors that could
be associated with blood pressure variability among patients who have
spontaneous intracranial hemorrhage, elevated ICP and requiring inva-
sive mechanical ventilation. In addition to patients' disease severity,
three post mechanical ventilation interventions, maintaining appropri-
ate tidal volume, infusing sedative medications, and the use of
capnography, were also associated with blood pressure variability. On
the other hand, reverse causality between blood pressure variability
and those 3 post mechanical ventilation interventions cannot be
Table 3
Backward stepwise linear regressions to measure associations between patients' clinical
characteristics, individual post-mechanical ventilation interventions, indices of blood
pressure variability, and Glasgow Coma Scale Score on Hospital Day 5 (HD5GCS).

Outcome (Adj. R-square) Variables Coefficienta p-Value

BPSV (0.12) Appropriate tidal volume 0.61 0.008
Triage SBP 1.2 b0.001
Departure SBP 0.91 0.047

BPSD (0.27) Appropriate tidal volume 0.81 0.034
Continuous sedative infusion 0.80 0.018
Quantitative capnography 0.76 0.043
Triage SBP 1.18 b0.001

BPCV (0.25) Appropriate tidal volume 0.82 0.038
Continuous sedative infusion 0.80 0.019
Quantitative capnography 0.77 0.038
Triage SBP 1.2 b0.001

MACDepart-Triage (0.42) Triage GCS −4.1 0.038
MACHigh-Low (0.07) Triage SBP 6.7 0.002
HD5GCS (0.2) Age 0.92 0.03

Triage GCS 1.14 0.001
MACDepart-Triage 0.99 b0.001

Abbreviations: Adj., adjusted; BPSV successive variation of blood pressure; BPSD, standard
deviation of blood pressure; BPCV, coefficient variation of blood pressure; GCS, Glasgow
Coma Scale; HD5GCS, GCS score on hospital day 5;MACDepart-Triage, magnitude of absolute
change between departure and triage systolic blood pressure; MACHigh-Low, magnitude of
absolute change between high and low systolic blood pressure readings during ED stay;
SBP, systolic blood pressure.

a Prior to analysis, values of BPSV; BPSD, BPCV, HD5GCS were logarithmically-trans-
formed; the coefficients were re-transformed for reporting.
excluded. It is possible that emergency physicians initiate more inter-
ventions when they recognize that patients have blood pressure vari-
ability; for example, they might start sedative infusions or adjust the
ventilator settings to resolve patient–ventilator dyssynchrony. There-
fore, it is recommended that physicians initiate early and deep sedation
of patients with spontaneous intracranial hemorrhage in the hyper-
acute phase to avoid blood pressure variability. Light sedation is associ-
ated with increased catecholamine production [24], resulting in higher
blood pressure variability.

5. Limitations

Our study has several limitations in addition to its retrospective na-
ture. We did not have access to Computer Tomography (CT) results
from the referring EDs, so we could not assess hematoma volume
growth although previous studies suggested that components of blood
pressure variability are not associated with increases in hematoma vol-
ume [7,17]. Additionally, for outcome,we did not calculate themodified
Rankin Scale retrospectively because that calculation is unreliable [25].
We did not use hospital length of stay as an outcome because of it was
not used in previous studies of blood pressure variability [6-8]. Further-
more, we calculated blood pressure variability from four readings per
patient, during their short ED stay—fewer than a previous study,
which collected five blood pressure measurements during the
Table 4
Multivariable logistic regressions assessing association between patients' characteristics,
post-mechanical ventilation interventions and the likelihood of in-hospital mortality or
being discharged home.

Outcome Variables ORs 95% CI p-value

Mortality
Age 1.9 1.2, 2.9 0.003
Triage GCS 0.57 0.3, 0.9 0.038
Chest X-ray 0.30 0.09, 0.9 0.042
BPSV 26 1.3, N100 0.036
MACDepart-Triage 1.02 1.003, 1.04 0.021

Discharging home
MACHigh-Low 0.92 0.88, 0.98 0.003
Quantitative capnography 8.3 4.7, 8.8 0.002

Abbreviations: BPSV, successive variation in blood pressure; CI, confidence interval;
MACdepart-triage, magnitude of absolute change between triage and departure blood pres-
sures; MACHigh-Low, magnitude of absolute change between high and low systolic blood
pressures during ED stay; OR, odds ratio; XR, radiograph.
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hyperacute phase of up to 6 h from symptoms onset [8] and extension of
the observation periodmight have resulted in a different blood pressure
variability calculation among these patients. Finally, we did not assess
the effect of blood-pressure-lowering medications by EPs on our pa-
tients during their ED stays because nicardipine infusion lowers BP in
a more controlled fashion than other hypertensive medications [26].

6. Conclusions

While patients' disease severity might correlate with blood pressure
variability and outcomes, the use of three post mechanical ventilation
interventions in the ED showed correlation with blood pressure vari-
ability among intubated patients with spontaneous intracranial hemor-
rhage. To reduce blood pressure variability and maximize outcomes,
emergency physicians should maintain appropriate tidal volume, initi-
ate continuous infusion of a sedative medication, and confirm proper
endotracheal tube positioning via chest radiography, and use quantita-
tive capnography to monitor patients' respiratory status.
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Appendix 1. Multiple logistic regressions between patients'
characteristics and outcomes (in-hospital mortality, being
discharged home)
Outcome
In
Variables
 OR
 95% CI
 p-Value
-hospital mortality
 Age
 1.9
 1.2, 2.9
 0.003

Gender
 1.5
 0.6, 3.7
 0.44

Triage GCS
 0.57
 0.3, 0.9
 0.038

Type of hemorrhage
 0.79
 0.32, 1.9
 0.62

ESI
 1.2
 0.6, 2.1
 0.64

Transport type
 1.45
 0.46, 4.8
 0.51

Seizure
 1.03
 0.3, 4.3
 0.96
continued)
Outcome
 Variables
 OR
 95% CI
 p-Value
Length of MV in ED
 0.99
 0.99, 1.005
 0.28

ED LOS
 1.05
 0.67, 1.6
 0.66

BPSV
 26
 1.4, N100
 0.036

BPSD
 0.58
 b0.01, N100
 0.25

BPCV
 2.5
 b0.01, N100
 0.31

MACdepart-triage
 1.02
 1.003, 1.04
 0.021

MAC high-low
 1.0
 0.89, 1.02
 0.64

Appropriate tidal volume
 1.3
 0.5, 4.4
 0.54

Chest X-ray
 0.30
 0.09, 0.95
 0.042

Gastric decompression
 0.91
 0.36, 3.0
 0.93

Urethral Foley catheter
 0.35
 0.09,1.3
 0.13

Checking ABG
 1.3
 0.46, 3.6
 0.63

Continuous sedative infusion
 1.3
 0.5, 3.1
 0.59

Quantitative capnography
 0.51
 0.1, 2.1
 0.37
ischarging home
 Age
 0.62
 0.9, 4.5
 0.21

Gender
 0.1
 0.01, 1.4
 0.9

Triage GCS
 2.0
 0.89, 4.5
 0.09

Type of hemorrhage
 0.6
 0.07, 4.6
 0.61

ESI
 3.1
 0.6, 15
 0.16

Transport type
 2.7
 0.24, 30
 0.41

Seizure
 2.9
 0.2, 41
 0.42

Length of MV in ED
 0.61
 0.25, 1.5
 0.29

ED LOS
 0.72
 0.3, 1.6
 0.40

BPSV
 6.1
 0.03, N100
 0.50

BPSD
 1.9
 b0.1, N100
 0.63

BPCV
 0.1
 b0.1, N100
 0.77

MACdepart-triage
 0.97
 0.94, 1.1
 0.09

MAC high-low
 0.92
 0.88, 0.98
 0.004

Appropriate tidal volume
 0.74
 0.2, 3.1
 0.38

Chest X-ray
 1.3
 0.18, 8.9
 0.79

Gastric decompression
 3.8
 0.3, 47
 0.29

Urethral Foley catheter
 15
 0.01, N100
 0.99

Checking ABG
 0.71
 0.2, 3.1
 0.59

Continuous sedative infusion
 0.66
 0.2, 2.5
 0.37

Quantitative capnography
 8.3
 4.7, N100
 0.002
Abbreviations: ABG, arterial blood gas; BPSV, successive variation in blood pressure; BPSD,
standard deviation of blood pressure; BPCV, coefficient variation of blood pressure; ED, emer-
gency department; GCS, Glasgow Coma Scale; ETT, endotracheal tube; MACdepart-triage, mag-
nitude of absolute change between triage and departure blood pressure; SD, standard
deviation; BPSV, SV successive variation.
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