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Abstract

Background Mechanical ventilation is frequently per-

formed in patients with ischemic stroke (IS), intracerebral

hemorrhage (ICH), and subarachnoid hemorrhage (SAH).

In this study, we used statewide administrative claims data

to examine the rates of use, associated conditions, and in-

hospital mortality rates for mechanically ventilated stroke

patients.

Methods We used statewide administrative claims data

from three states and ICD-9-CM codes to identify patients

admitted with stroke and those who received mechanical

ventilation and tracheostomy. Descriptive statistics and

exact 95 % confidence intervals were used to report rates

of mechanical ventilation, tracheostomy, and in-hospital

mortality. Logistic regression analysis was performed to

identify conditions associated with mechanical ventilation

based on previously described risk factors.

Results 798,255 hospital admissions for stroke were

identified. 12.5 % of these patients underwent mechanical

ventilation. This rate varied by stroke type: 7.9 % for IS,

29.9 % for ICH, and 38.5 % for SAH. Increased age was

associated with a decreased risk of receiving mechanical

ventilation (RR per decade, 0.91). Of stroke patients who

underwent mechanical ventilation, 16.3 % received a tra-

cheostomy. Mechanical ventilation was more likely to

occur in association with status epilepticus (RR, 5.1),

pneumonia (RR, 4.9), sepsis (RR, 3.6), and hydrocephalus

(RR, 3.3). In-hospital mortality rate for mechanically

ventilated stroke patients was 52.7 % (46.8 % for IS,

61.0 % for ICH, and 54.6 % for SAH).

Conclusions In this large population-based sample, over

half of mechanically ventilated stroke patients died in the

hospital despite the fact that younger patients were more

likely to receive mechanical ventilation. Future studies are

indicated to elucidate mechanical ventilation strategies to

optimize long-term outcomes after severe stroke.
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Introduction

Ischemic stroke, Intracerebral hemorrhage, and Subarach-

noid hemorrhage often cause respiratory failure from injury

to vital structures responsible for respiration, arousal, and

airway protection. Although mechanical ventilation is fre-

quently initiated as a life-saving intervention, little is known

about the rates of use of this intervention and its association

with mortality at a population level. Prior studies have been

largely limited to single-center series and have reported

conflicting findings. In one relatively small population-based

study, Mayer et al. reported mechanical ventilation rates of
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5 % in IS, 26 % in ICH, and 47 % in SAH [1]. The same

study found that two-thirds of these mechanically ventilated

patients died during their hospitalization. Another study of

mechanically ventilated ICH patients reported a 90 % in-

hospital mortality rate [2]. Other studies have reported sig-

nificantly better outcomes such as 50 % survival at 3 years

for mechanically ventilated ICH patients and good func-

tional outcome in 20 % of patients after mechanical

ventilation for IS [3–5]. Given the variability in single-center

studies and the limited population-based data on mechanical

ventilation after stroke, we used statewide administrative

claims data to examine the rates of use and associated in-

hospital mortality rates of this intervention.

Methods

Design

The rates of use and in-hospital mortality rates ofmechanical

ventilation in patients with stroke (IS, ICH, or SAH) were

examined using statewide administrative claims data col-

lected by the states of California, Florida, and New York.

These data comprise discharge data for all patient visits at

non-federal acute care emergency departments and acute

care hospitals. These data are electronically reported to the

respective state health agencies and then are checked for

inconsistent or invalid elements and codes. The data are then

provided in a de-identified format to the Healthcare Cost and

Utilization Project of the Agency for Healthcare Research

and Quality [6]. Data with an anonymous patient identifier

allowing for longitudinal tracking across visits were avail-

able from 2005 to 2011 for California, 2005–2012 for

Florida, and 2006–2011 for New York.

Patient Population

Previously validated International Classification of Dis-

eases, 9th Edition, Clinical Modification (ICD-9-CM)

codes were used to identify patients discharged with a first-

recorded diagnosis of IS (433.x1, 434.x1, and 436), ICH

(431), or SAH (430) [7]. After excluding potentially con-

comitant codes for traumatic causes of brain injury,

admissions for rehabilitation care, and late complications

of cerebrovascular disease, these codes were found to be

both sensitive and specific for identifying patients admitted

with IS (sensitivity: 86 % specificity: 95 %), ICH (sensi-

tivity: 82 % specificity: 93 %), and SAH (sensitivity: 98 %

specificity: 92 %). To focus on incident cases of stroke, we

included only the first stroke admission for each patient

during the study period.

Measurements

We used ICD-9-CM procedure codes that have been pre-

viously validated as 86 % sensitive and 98 % specific to

ascertain mechanical ventilation (96.70–96.72) [8]. Since

the accuracy of the ICD-9-CM code for tracheostomy

(31.1–31.2) has not been previously validated, we per-

formed a retrospective chart review at our institution to

determine its sensitivity and specificity. This was done by

identifying 25 hospitalizations for stroke (IS, ICH, or SAH)

and a concomitant diagnosis code for tracheostomy

(31.1–31.2) as well as 25 stroke hospitalizations with no

concomitant tracheostomy code. A neurology board-certi-

fied neurocritical care fellow (SL) performed retrospective

chart review of these encounters, while blinded to the ICD-

9-CM codes, to identify whether tracheostomy had been

performed during each hospitalization.

Statistical Analysis

The rates of use of mechanical ventilation and tracheos-

tomy and the mortality rates for patients undergoing

mechanical ventilation were assessed using standard

descriptive statistics with exact 95 % confidence intervals

(CI). We used the v2 test to compare proportions and

means with standard deviations (SD) to compare continu-

ous variables. Factors associated with mechanical

ventilation were examined using a modified form of

logistic regression that accounts for the fact that our out-

comes were not rare [9]. These models included previously

reported risk factors for mechanical ventilation: demo-

graphic characteristics (i.e., age, gender, race etc.), stroke

type (i.e., IS, ICH, or SAH), markers of illness severity

(sepsis, cerebral edema, hypoxemia, status epilepticus,

seizures, pneumonia), and the Elixhauser comorbidity

index [10–13].

Results

Validation of ICD-9-CM codes 31.1–31.2 by chart review

of 50 patient encounters indicated a sensitivity of 100 %

and specificity of 96 % for tracheostomy.

There were 798,255 hospital admissions for IS, ICH, or

SAH. Overall, 99,782 (12.5 %; 95 % CI 12.4–12.6 %) of

these patients underwent mechanical ventilation. This rate

varied by stroke type: 7.9 % (95 % CI 7.8–7.9 %) for IS,

29.9 % (95 % CI 29.6–30.1 %) for ICH, and 38.5 % (95 %

CI 38.1–39.0 %) for SAH. Demographic characteristics,

stroke type, and associated illness severity markers strati-

fied by mechanical ventilation occurrence are summarized

in Table 1.
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Compared to those with IS, mechanical ventilation was

more likely in those with ICH [relative risk (RR), 3.6; 95 %

CI 3.56–3.65] or SAH (RR, 3.9; 95 %CI 3.8–4.0). Increased

age was associated with decreased risk of mechanical ven-

tilation (RR per decade, 0.91; 95 % CI 0.91–0.92). Several

markers of illness severity were associated with higher risk

of mechanical ventilation: status epilepticus (RR, 5.1; 95 %

CI 4.8–5.4), pneumonia (RR, 4.9; 95 % CI 4.8–5.1), sepsis

(RR, 3.6; 95 % CI 3.5–3.6), and hydrocephalus (RR, 3.3;

95 % CI 3.3–3.4). Demographic characteristics and associ-

ated illness severity markers stratified by stroke type are

summarized in Table 2.

Of those stroke patients who received mechanical venti-

lation, 16.3 % (95 % CI 16.0–16.5 %) underwent

tracheostomy. Tracheostomy rates were similar among stroke

subtypes: 16.6 % (95 % CI 16.3–17.0 %) among IS patients,

Table 1 Characteristics of patients hospitalized with stroke, stratified

by the occurrence of mechanical ventilation

Characteristic Mechanical

ventilation

(N = 99,782)

No mechanical

ventilation

(N = 698,473)

Age, mean (SD), year 67.2 (15.3) 71.6 (14.7)

Female 50,020 (50.1) 371,363 (53.2)

Race/ethnicitya

White 57,316 (59.1) 446,758 (65.3)

Black 15,311 (15.8) 93,648 (13.7)

Hispanic 14,335 (14.8) 89,540 (13.1)

Asian 6,085 (6.3) 33,651 (4.9)

Other 3,922 (4.0) 20,122 (2.9)

Payment sourceb

Medicare 59,607 (59.7) 472,628 (67.7)

Medicaid 14,105 (14.1) 57,378 (8.2)

Private 18,827 (18.9) 121,872 (17.5)

Self-pay 4,338 (4.4) 25,773 (3.7)

No charge 439 (0.4) 4,577 (0.7)

Other 2,458 (2.5) 16,210 (2.3)

Stroke type

Ischemic stroke 50,871 (51.0) 595,608 (85.3)

Subarachnoid hemorrhage 15,944 (16.0) 25,427 (3.6)

Intracerebral hemorrhage 32,967 (33.0) 77,438 (11.1)

Illness severity markers

Sepsis 25,428 (25.5) 25,062 (3.6)

Cerebral edema 25,404 (25.5) 134,404 (19.2)

Hypoxemia 2,272 (2.3) 7,070 (1.0)

Status epilepticus 1,518 (1.5) 705 (0.1)

Seizures 5,171 (5.2) 17,134 (2.5)

Intervention for hydrocephalus 11,359 (11.4) 5,043 (0.72)

Pneumonia 9,963 (10.0) 3,230 (0.5)

Elixhauser comorbidities,

mean (SD), no.

3.6 (2.0) 2.7 (1.7)

Data are presented as No. (%) unless otherwise specified. All dif-

ferences between groups were significant at a level of P < 0.001

SD standard deviation
a Self-reported by patients or their surrogates. Numbers do not sum to

group totals because of missing race/ethnicity data in 2.2 % of

patients
b Numbers do not sum to group totals because of missing payment-

source data in <0.01 % of patients

Table 2 Characteristics of patients hospitalized with stroke, stratified

by stroke type

Characteristic Ischemic

Stroke

(N = 646,479)

Subarachnoid

Hemorrhage

(N = 41,371)

Intracerebral

Hemorrhage

(N = 110,405)

Age, mean (SD),

year

72.1 (14.3) 60.4 (16.6) 69.0 (15.6)

Female 341,916 (52.9) 25,110 (60.7) 54,357 (49.2)

Race/ethnicitya

White 415,034 (65.5) 23,153 (58.0) 65,887 (61.3)

Black 89,309 (14.1) 5,050 (12.7) 14,600 (13.6)

Hispanic 81,227 (12.8) 7,183 (18.0) 15,465 (14.4)

Asian 29,369 (4.6) 2,756 (6.9) 7,611 (7.1)

Other 18,330 (2.9) 1,757 (4.4) 3,957 (3.7)

Payment sourceb

Medicare 447,285 (69.2) 16,667 (40.3) 68,283 (61.9)

Medicaid 52,806 (8.2) 6,236 (15.1) 12,441 (11.3)

Private 105,305 (16.3) 14,035 (33.9) 21,359 (19.4)

Self-pay 22,751 (3.5) 2,501 (6.1) 4,859 (4.4)

No charge 4,023 (0.6) 333 (0.8) 660 (0.6)

Other 14,275 (2.2) 1,595 (3.9) 2,798 (2.5)

Illness severity markers

Sepsis 38,337 (5.9) 3,875 (9.4) 8,278 (7.5)

Cerebral

edema

122,057 (18.9) 9,691 (23.4) 28,060 (25.4)

Hypoxemia 7,359 (1.1) 670 (1.6) 1,313 (1.2)

Status

epilepticus

1,562 (0.2) 202 (0.5) 459 (0.4)

Seizures 16,541 (2.6) 1,548 (3.7) 4,216 (3.8)

Intervention

for

hydrocephalus

1,244 (0.2) 8,276 (20.0) 6,882 (6.2)

Pneumonia 8,119 (1.3) 1,758 (4.3) 3,316 (3.0)

Elixhauser

comorbidities,

mean (SD),

no.

2.8 (1.7) 2.5 (1.8) 2.8 (1.7)

Data are presented as No. (%) unless otherwise specified. All dif-

ferences between groups were significant at a level of P < 0.001

SD standard deviation
b Self-reported by patients or their surrogates. Numbers do not sum to

group totals because of missing race/ethnicity data in 2.2 % of

patients
c Numbers do not sum to group totals because of missing payment-

source data in <0.01 % of patients
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15.5 % (95 % CI 15.1–15.9 %) among ICH patients, and

16.6 % (95 % CI 16.1–17.2 %) among SAH patients.

Of those stroke patients who received mechanical ven-

tilation, 11.8 % (95 % CI 11.5–12.1 %) were discharged

home (IS: 11.0 %, ICH 10.2 %, SAH 17.6 %). In contrast,

37.3 % (95 % CI 37.2–37.4 %) of patients with stroke who

did not undergo mechanical ventilation were discharged

home (IS: 37.4 %, ICH 30.7 %, SAH 55.9 %). Of all

patients with stroke who underwent tracheostomy, 4.3 %

(95 % CI 3.9–4.6 %) were discharged home (IS: 4.3 %,

ICH: 3.8 %, SAH 5.2 %), while 36.2 % (95 % CI

36.1–36.3 %) of all patients with stroke who survived after

receiving mechanical ventilation but did not undergo tra-

cheostomy were discharged home (IS: 36.5 %, ICH

28.7 %, SAH: 50.4 %).

The in-hospital mortality rate for mechanically venti-

lated stroke patients was 52.7 % (95 % CI 52.4–53.0 %).

Mortality rates among mechanically ventilated patients

varied by stroke type: 46.8 % (95 % CI 46.3–47.2 %) for

IS, 61.0 % (95 % CI 60.5–61.5 %) for ICH, and 54.6 %

(95 % CI 53.8–55.3 %) for SAH. In contrast, the mortality

rate for stroke patients who did not receive mechanical

ventilation was 5.8 % (95 % CI 5.7–5.8 %) overall, 4.7 %

(95 % CI 4.7–4.8 %) for IS, 12.7 % (95 % CI

12.5–13.0 %) for ICH, and 9.1 % (95 % CI 8.7–9.5 %) for

SAH (Fig 1). Overall, in-hospital mortality was 8.6 (95 %

CI 8.5–8.7) times more likely in mechanically ventilated

stroke patients compared to those not mechanically venti-

lated. Compared to those undergoing mechanical

ventilation for IS, mechanically ventilated ICH and SAH

patients were 2.7 (95 % CI 2.66–2.75) and 2.5 (95 % CI

2.5–2.6) times more likely to die in the hospital.

Conclusion

In this large population-based sample, 12.5 % of stroke

patients underwent mechanical ventilation. Over half of

these patients died despite the fact that younger patients

were more likely to receive mechanical ventilation.

Approximately one out of six mechanically ventilated

stroke patients received a tracheostomy.

Although the in-hospital mortality rates in this study

seem remarkably high among patients undergoing

mechanical ventilation, they are lower than those reported

in Mayer et al’s population-based study from the year

2000. It is unclear whether these lower mortality rates

reflect differences in patient population, changes in

approaches to end-of-life care, advances in critical care, or

other factors. Consistent with prior studies, patients with

ICH and SAH were more likely to receive mechanical

ventilation and more likely to die in the hospital (regardless

of mechanical ventilation status) compared to patients with

IS. These findings further support the notion that overall,

patients with IS have a better short-term prognosis com-

pared to ICH and SAH [1, 14, 15]. Of note, even though the

in-hospital mortality rates for patients with SAH were high,

these patients were more likely to be discharged home

compared to those with IS or ICH regardless of whether

they received mechanical ventilation. There are several

possible explanations for this divergent finding that is

dissimilar from Mayer et al’s findings that reported 88 %

in-hospital mortality rate for mechanically ventilated

patients with SAH [1]. One possible explanation is that

mechanical ventilation improves outcomes by facilitating

current therapeutics for patients with SAH, for example, by

enabling aneurysm securement and aggressive volume

resuscitation. Another explanation is that the events leading

up to mechanical ventilation in patients with SAH, such as

acute hydrocephalus may be reversible compared to

physiological processes that underlie IS and ICH. Despite

the variability in outcome, rates of tracheostomy for ICH

and SAH patients were similar to IS patients. This simi-

larity may suggest that other unmeasured variables such as

the expectations of the patient or their surrogates may

significantly contribute to the decision to undergo

tracheostomy.

Strengths of this study include a large and diverse

sample of patients from three states that represent

approximately 25 % of the US population, thus enabling

population-based inferences of care utilization and practice

trends. There are important limitations of this study that

should be considered. Although the ICD-9-CM codes used

in this study were validated with high accuracy, the lack of

clinical details such as stroke severity, cause of death, and

long-term functional outcomes limits understanding of the

relationships between the variables that were studied. For

Fig. 1 In-hospital mortality rates stratified by mechanical ventilation

status and stroke subtype
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instance, it is unclear whether mechanical ventilation was a

marker of severity of illness or whether it independently

contributed to the observed high mortality rates (for

example by causing hypotension during endotracheal

intubation or by necessitating sedation that clouds the

neurological examination). Additionally, the lack of long-

term functional outcomes data limits understanding of the

true effectiveness of the intervention among survivors. The

specific circumstances for initiating mechanical ventilation

may have also influenced the measured outcomes. For

example, a greater proportion of patients with SAH may

have been intubated to facilitate medical and surgical

management whereas this is less likely in IS and ICH

patients. Similarly, the threshold for initiating mechanical

ventilation may vary depending on the individual patient’s

characteristics such as age and medical comorbidities.

Finally, since the exact mechanisms of death are unknown,

it is unclear to what extent withdrawal of care (persuaded

by a ‘‘self-fulfilling prophecy’’) or medical complications

of stroke contributed to the mortality rates.

In conclusion, this study suggests a substantial rate of

in-hospital mortality among mechanical ventilated stroke

patients. Given the frequent utilization of this intervention

in stroke, and the substantial-associated mortality, future

studies are indicated to elucidate mechanical ventilation

strategies to optimize long-term outcomes after severe

stroke.
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