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Abstract 

Background:  To investigate the rates, predictors, and outcomes of prolonged mechanical ventilation (≥ 96 h) follow-
ing endovascular treatment (EVT) of ischemic stroke.

Methods:  Hospitalizations with acute ischemic stroke and EVT were identified using validated codes in the National 
Inpatient Sample (2010–2015). The primary outcome was prolonged mechanical ventilation defined as ventila-
tion ≥ 96 consecutive hours. We compared hospitalizations involving prolonged ventilation following EVT with those 
that did not involve prolonged ventilation. Propensity score matching was used to adjust for differences between 
groups. Clinical predictors of prolonged ventilation were assessed using multivariable conditional logistic regression 
analyses.

Results:  Among the 34,184 hospitalizations with EVT, 5087 (14.9%) required prolonged mechanical ventilation. There 
was a decline in overall intubation and prolonged ventilation during the study period. On multivariable analysis, his-
tory of heart failure [OR 1.28 (95% CI 1.05–1.57)] and diabetes [OR 1.22 (95% CI 1–1.50)] was independent predictors 
of prolonged ventilation following EVT. In a sensitivity analysis of anterior circulation stroke only, heart failure [OR 1.3 
(95% CI 1.10–1.61)], diabetes [OR 1.25 (95% CI 1.01–1.57)], and chronic lung disease [OR 1.31 (95% CI 1.03–1.66)] were 
independent predictors of prolonged ventilation. The weighted proportions of in-hospital mortality, post-procedural 
shock, acute renal failure, and intracerebral hemorrhage were higher in the prolonged ventilation group.

Conclusions:  Among a nationally representative sample of hospitalizations, nearly one-in-six patients had prolonged 
mechanical ventilation after EVT. Heart failure and diabetes were significantly associated with prolonged mechanical 
ventilation following EVT. Prolonged ventilation was associated with significant increase in in-hospital mortality and 
morbidity.

Keywords:  Ischemic stroke, Endovascular therapy, Mechanical ventilation, Epidemiology

Introduction
Despite advances in endovascular treatment (EVT) for 
large vessel occlusions, a considerable number of patients 

will not achieve favorable outcome following therapy [1]. 
Mechanical ventilation is frequently utilized in emergent 
large vessel occlusion stroke patients as part of the EVT 
protocol for procedural safety, or following respiratory 
failure or for airway protection [2]. Prolonged mechanical 
ventilation (PMV) requirement (≥ 96 h) is an important 
condition following ischemic stroke and may arise due to 
underlying clinical comorbidities, ischemic injury impact 
on the brain, therapeutic interventions, or a combination 
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of these factors. PMV is associated with poor in-hospital 
and long-term outcomes, as well as a financial burden on 
payers (e.g., insurers and hospitals) [2, 3].

Thus, better understanding of potentially modifiable 
clinical risk factors for development of PMV could play 
an important role in the management of these patients. 
Yet, no prior studies have investigated the rates, predic-
tors, and outcomes of PMV in patients undergoing EVT. 
Given this important gap in knowledge, we aimed to 
characterize the prevalence of PMV, as well as the clinical 
predictors and in-hospital outcomes of PMV in patients 
undergoing EVT using real-world data.

Methods
Study Population
The study data were obtained from the largest United 
States all-payer inpatient claims-based database, the 
National (Nationwide) Inpatient Sample (NIS). Hospitali-
zations for ischemic stroke involving treatment with EVT 
from 2010 to the third quarter of 2015 (when ICD-10 was 
adopted in the US) were identified using validated Inter-
national Classification of Diseases-9th Revision-Clinical 
Modification (ICD-9-CM) diagnosis and procedural 
codes [4]. Patients aged less than 18 years were excluded. 
We excluded patients who died within the first 96  h of 
hospitalization to reduce differential misclassification. 
Data were checked for distribution, outliers, and miss-
ing values. Analyses of deidentified and publicly available 
data did not warrant an institutional review of this study.

Outcomes
The primary outcome was the development of prolonged 
continuous mechanical ventilation. PMV was identified 
using the ICD-9 code 96.72, defined as continuous inva-
sive mechanical ventilation for ≥ 96 consecutive hours 
[5–7]. Independent clinical predictors of PMV were 
investigated using a propensity score matched analysis. 
In-hospital outcomes including in-hospital mortality, 
intracranial hemorrhage, septic or cardiogenic shock, 
acute renal failure (ARF), myocardial infarction, post-
procedure hemorrhage requiring transfusion, vascular 
complications, and length of stay (LOS) were also exam-
ined in the two groups of patients with or without PMV. 
Detailed information on methodology for identification 
of clinical conditions and outcomes using the ICD-9 
codes is presented in the Online Supplement.

Missing Data
We followed the Healthcare Cost and Utilization Project 
(HCUP) recommendations for dealing with missing data 
in the NIS [8]. In NIS, race is missing approximately at 6% 
and the missingness for the rest of variables is less than 
3%. Multivariable multiple imputation was performed 

using the fully conditional specification (FCS) approach. 
The FCS method can impute missing data for different 
data types such as continuous, nominal, ordinal, count, 
and semi-continuous variables using sequential regres-
sion algorithm in IVEware [9]. Multiple imputation with 
10 iterations was performed using linear regression and 
predictive mean matching for continuous variables, and 
discriminant function and logistic regression for binary 
or categorical variables. All the variables (demographic, 
sampling/hospital, clinical, and outcome) including the 
dependent variable were included in the modeling of 
multiple imputation to preserve the variance [10].

Propensity Score Matching
Propensity score matching was used to adjust for differ-
ences between the two groups. Propensity scores were 
estimated using a logistic regression model (Table 1). We 
performed the Variable or Full matching method using 
the optimal matching algorithm and applied a caliper 
radius of 0.1 times the standard deviation of the esti-
mated propensity score. We performed a 1:3 case/con-
trol matching and evaluated the balance between two 
groups both before and after propensity score matching 

Table 1  Baseline clinical characteristics in  cohort 
before matching process

Values are mean ± SD for continuous variables and percent for categorical 
variables. CAD: Coronary artery disease

Characteristic Before matching

Prolonged mechanical 
ventilation

P value

Yes No

Weighted observation 5087 (14.9) 29,097 (85.1)

Age (mean, SD) 64.3 (± 0.46) 66.4 (± 0.20) 0.001

Female 2275(44.7) 14,978 (51.5) 0.001

Race

 White, n (%) 3082 (60.6) 19,644 (67.5) 0.003

 Black, n (%) 819 (16.1) 3581 (12.3) 0.014

 Hispanic, n (%) 500 (9.8) 2346 (8.1) 0.160

 Asian or Pacific, n (%) 277 (5.4) 1626 (5.6) 0.900

Obesity, n (%) 694 (13.6) 3151 (10.9) 0.010

Hypertension, n (%) 3697 (72.7) 21,421 (73.7) 0.530

Diabetes, n (%) 1277 (25.1) 6096 (20.9) 0.001

CAD, n (%) 1288 (25.3) 7805 (26.8) 0.310

Heart failure, n (%) 1237 (24.3) 5518 (18.9) < 0.001

Chronic lung disease, n (%) 888 (17.4) 4101 (14.1) 0.008

Pulmonary circulation disorders, 
n (%)

438 (8.6) 1753 (6.1) 0.006

Renal failure, n (%) 530 (10.4) 2782 (9.5) 0.406

Peripheral arterial disease, n (%) 886 (17.4) 3565 (12.2) 0.001
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by comparing the standardized difference of means 
(Table 1) and distribution of covariates used in the pro-
pensity score modeling.

Statistical Analysis
All the analyses (univariable and multivariable) were per-
formed using weighted data using survey-specific design 
(strata, clusters, and discharge weights). We analyzed 10 
imputed datasets separately and combined the results 
using Rubin’s rules to produce key estimates and standard 
error [10]. Categorical variables were expressed as sum of 
weights (weighted proportion) and continuous variables 
as weighted mean (± standard error). We performed 
multivariable conditional logistic regression models of 
matched observations to identify the independent pre-
dictors of PMV following EVT. Statistically significant 
baseline clinical covariates in univariable analysis with P 
value of < 0.05 were used in modeling conditional logistic 
regression. Results of regression models were reported 
using odds ratios and 95% confidence intervals. Statistical 
analysis was performed using SAS Version 9.4 (SAS Insti-
tute Inc., Cary, North Carolina) and IVEware Version 0.3.

Sensitivity Analysis
We performed a sensitivity analysis restricting the cohort 
to patients who had claims for anterior circulation LVOs 
only; to identify these patients, we used a previously 
published algorithm of ICD-9-CM diagnostic codes to 
exclude strokes involving the basilar or vertebral arteries 
(433.01 and 433.2) [11]. Also, a separate sensitivity analy-
sis was performed restricted to patients receiving EVT 
and concomitant intravenous tissue-type plasminogen 
activator (tPA) administration (99.10 ICD-9 code) [4].

Data Availability
Data used in this study are publicly available via HCUP. 
Requests for access to the data are possible upon reason-
able request.

Results
Baseline Characteristics
Nationally, there was an estimated total of 34,184 EVT 
hospitalizations between January 1, 2010 and Septem-
ber 30, 2015, and the estimated number of adults who 
required PMV following EVT in this period was 5087 
(14.9%). The rates of PMV requirement decreased from 
19.4% in 2010 to 13.1% in 2015 (Fig.  1). We observed a 
continuous decline in the rate of overall intubation (with 
short-term or prolonged ventilation requirement) during 
hospitalizations for EVT during the study period (Fig. 1).

Table  1 shows the baseline characteristics for clinical 
and hospital level factors before matching. Significant 
differences were seen in demographics and sampling/

hospital characteristics (Table 2). After adjustment with 
the use of Variable or Full matching, all these character-
istics were well balanced (Table 2). The clinical covariates 
of patients, with and without PMV, following EVT after 
propensity score matching are shown in Table 3.

Predictors of Prolonged Mechanical Ventilation Following 
EVT
After propensity score matching, heart failure and dia-
betes were the only covariates that were significantly 
associated with PMV in univariable analysis (Table  3). 
In multivariable analysis, history of heart failure [OR 
1.28 (95% CI 1.05–1.57)] and diabetes [OR 1.22 (95% CI 
1–1.5)] remained as independent predictors of PMV fol-
lowing EVT.

Secondary in‑Hospital Outcomes
In-hospital mortality [1325 (32.1%) vs. 892 (8.2%); 
P < 0.001] was significantly higher among patients who 
required PMV following EVT. The weighted proportions 
of post-procedural shock, acute renal failure, and intrac-
erebral hemorrhage were significantly higher in the PMV 
group and the trends were similar to the weighted pro-
portions for in-hospital mortality (Table  4). No signifi-
cant difference was seen between the two groups for the 
outcomes of acute MI, vascular complications, or post-
procedure hemorrhage requiring transfusion (Table 4).

Fig. 1  Temporal trend in utilization of endotracheal intubation and 
requirement for prolonged mechanical ventilation following endo-
vascular stroke therapy between 2010 and 2015 (Rates reported as  % 
total EVT procedures)
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Sensitivity Analysis
Table  5 demonstrates the baseline characteristics of the 
propensity score matched analysis cohort restricted to 
strokes of the anterior circulation. In this cohort, history 
of heart failure [OR 1.30 (95% CI 1.10–1.61), P = 0.01], 
diabetes [OR 1.25 (95% CI 1.01–1.57, P = 0.04)], and 
chronic lung disease [OR 1.31 (95% CI 1.03–1.66), 
P = 0.03] was significantly associated with higher risk of 
PMV. In a separate analysis restricted to patients treated 
with tPA in addition to EVT, history of heart failure [OR 
1.34 (95% CI 1.00–1.80), P = 0.05] was the only independ-
ent predictor of PMV.

Discussion
In this analysis of nationwide discharge data on stroke 
patients undergoing EVT, about 15% of patients devel-
oped PMV. A history of CHF and diabetes independently 
predicted for PMV; and PMV was significantly associated 
with higher risks of mortality, acute kidney injury, and 
prolonged hospitalization. We observed a decline in utili-
zation of mechanical ventilation during the study period.

To our knowledge, this is the first study that explored 
the rates, predictors, and outcomes of PMV in patients 
undergoing EVT. Prior studies have mainly examined 
long-term outcomes and predictors of functional recov-
ery in the patient population requiring prolonged venti-
lation after stroke. In one study, poor outcome, defined 
as Glasgow Outcome Scale score 1–3, occurred in 74% of 

Table 2  Standardized mean differences for hospital- and patient-level variables before and after matching

NIS National inpatient sample

Propensity score model variables Standardized difference of means

Before matching Propensity score 
matched data

Age 0.140 0.076

Female 0.130 0.030

Race 0.200 0.114

Elective versus non-elective admission 0.01 0.009

Admission day is a weekend 0.050 0.016

Primary expected payer 0.195 0.105

Number of chronic conditions 0.191 0.052

Number of diagnoses 0.750 0.156

Number of procedures 1.23 0.334

NIS discharge weight 0.110 0.025

NIS hospital stratum 0.560 0.478

Region of hospital 0.110 0.067

Number of universe discharges in the stratum 0.100 0.001

Number of universe hospitals in the stratum 0.025 0.007

Number of sample discharges in the stratum 0.080 0.005

Number of sample hospitals in the stratum 0.050 0.030

Total number of discharges from hospital 0.100 0.028

Table 3  Clinical characteristics in the cohort following 3:1 
propensity score matching

Values are mean ± SD for continuous variables and percent for categorical 
variables. CAD coronary artery disease

Characteristic Propensity score matched data

Prolonged mechanical 
ventilation

P value

Yes No

Unweighted observation, n (%) 808 (26.9) 2193 (73.1)

Weighted observation, n (%) 4008 (26.9) 10,881 (73.1)

Age (mean, SD) 65.2 (± 0.54) 66 (± 0.34) 0.180

Female, n (%) 1824 (45.5) 4957 (45.5) 0.980

Race

 White, n (%) 2501 (62.4) 6978 (64.1) 0.430

 Black, n (%) 608 (15.2) 1606 (14.7) 0.800

Hispanic, n (%) 361 (9.1) 883 (8.1) 0.480

 Asian or Pacific, n (%) 225 (5.6) 562 (5.1) 0.660

Obesity, n (%) 501 (12.5) 1355 (12.4) 0.900

Hypertension, n (%) 2913 (72.6) 7890 (72.5) 0.930

Diabetes, n (%) 996 (24.8) 2286 (21.1) 0.040

CAD, n (%) 996 (24.8) 3035 (28) 0.113

Heart failure, n (%) 1002 (24.9) 2220 (20.4) 0.010

Chronic lung disease, n (%) 714 (17.8) 1590 (14.6) 0.066

Pulmonary circulation disorders, 
n (%)

330 (8.3) 678 (6.2) 0.070

Renal failure, n (%) 413 (10.3) 1187 (10.8) 0.680

Peripheral arterial disease, n (%) 666 (16.6) 1575 (14.5) 0.170
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patients at 1 year in those requiring tracheostomy [12]. In 
another study of 74 patients with ischemic stroke, mor-
tality rate was 55% in those who required mechanical 
ventilation [13]. Signs of brainstem dysfunction and male 
gender predicted mortality in patients requiring ventila-
tion, whereas stroke location did not influence long-term 
outcomes. In another study of 124 consecutive stroke 
patients who required mechanical ventilation,  52% died 

in the neurological intensive care unit [2]. In this study, 
Glasgow Coma Scale score < 10 and intubation due to 
coma/acute respiratory failure were independent predic-
tors of death at 2 months [2]. In a study using NIS data, 
pneumonia was found to be a significant predictor of 
tracheostomy [14]. However, this study was not able to 
distinguish between the timing of pneumonia relative to 
the timing of tracheostomy. Ventilator associated pneu-
monia is a common complication of mechanical ventila-
tion with greatest risk occurring during the first 5  days 
of mechanical ventilation [15]. Thus, pneumonia may 
more likely represent an in-hospital infection prior to 
tracheostomy rather than a baseline clinical risk indica-
tor of prolonged ventilation. Unlike these prior studies, 
we considered PMV as an important stand-alone clinical 
outcome and explored predictors of PMV using baseline 
clinical characteristics.

Possible explanations for the observed associations 
include worsening of pulmonary edema and alteration of 
physiologic homeostasis due to cardiac dysfunction and 
poor myocardial contractile reserve, particularly in the 
setting of stroke-related systemic inflammatory response. 
This process could lead to an increased capillary perme-
ability including pulmonary circulation which may in 
turn contribute to respiratory failure and PMV in those 
with poor cardiac function. Furthermore, patients with 
heart failure and diabetes have other associated comor-
bidities which contribute to a greater systemic burden 
of large vessel occlusive stroke. Cabello and colleagues 
identified heart failure as the cause of 42% of failures of 
spontaneous breathing trials in a large cohort of medi-
cal ICU patients [16]. In an externally validated risk score 
by Sharma et  al., low left ventricular ejection fraction 
was reported as an independent predictor of intubation 

Table 4  In-hospital outcomes in patient requiring prolonged ventilation in NIS (2010-2015)

MI myocardial infarction, NIS National inpatient sample

Outcomes Propensity score matched data

Prolonged mechanical ventilation P value

Yes No

Inpatient mortality, n (%) 1325 (32.1) 892 (8.2) < 0.001

Postoperative shock, n (%) 327 (8.1) 274 (2.5) < 0.001

Postoperative cardiogenic shock, n (%) 79 (1.9) 81 (0.7) 0.041

Postoperative septic shock, n (%) 196 (4.9) 143 (1.3) < 0.001

Acute kidney Injury, n (%) 918 (22.9) 1512 (13.9) < 0.001

Acute MI, n (%) 312 (7.8) 594 (5.4) 0.064

Acute intracranial hemorrhage, n (%) 1160 (28.9) 2524 (23.2) 0.003

Length of stay 17.93 (± 0.49) 11.55 (± 0.24) < 0.001

Postoperative hemorrhage, n (%) 41 (1.1) 73 (0.7) 0.420

Vascular complications, n (%) 137 (3.4) 417 (3.8) 0.612

Table 5  Sensitivity analysis (Anterior circulation cohort 
only)

CAD coronary artery disease

Propensity score matched data

Prolonged mechanical 
ventilation

P value

Yes No

Age (mean, SD) 65.36 (± 0.5) 66.18 (0.4) 0.250

Female, n (%) 1652 (46.7) 4542 (46.9) 0.880

Race

 White, n (%) 2229 (62.9) 6193 (64.9) 0.620

 Black, n (%) 543 (15.3) 1442 (14.9) 0.810

 Hispanic, n (%) 333 (9.4) 834 (8.6) 0.580

 Asian or Pacific, n (%) 200 (5.6) 549 (5.6) 0.960

Hypertension, n (%) 2572 (72.6) 6951 (71.9) 0.760

Diabetes, n (%) 883 (24.9) 1986 (20.5) 0.029

CAD, n (%) 875 (24.7) 2672 (27.6) 0.168

Heart failure, n (%) 929 (26.2) 2015 (20.8) 0.006

Chronic lung disease, n (%) 670 (18.1) 1427 (14.7) 0.017

Pulmonary circulation disorders, 
n (%)

275 (7.8) 626 (6.5) 0.301

Renal failure, n (%) 374 (10.5) 1052 (10.8) 0.857

Peripheral arterial disease, n (%) 594 (16.7) 1385 (14.3) 0.150
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following cardiac surgery [17]. Interestingly, in a study of 
117 patients with heart failure and 634 patients without, 
the authors reported that patients with PMV and heart 
failure had significantly lower weaning rate and higher 
mortality rate compared with PMV patients without 
heart failure. Also, a randomized clinical trial showed a 
BNP-driven fluid management protocol that decreased 
the duration of mechanical ventilation, especially in 
patients with chronic heart failure [18]. Diabetes is an 
important predictor of stroke severity at onset, as well as 
radiographic stroke progression at 24-h after stroke likely 
reflecting the fact that diabetes at baseline is associated 
with impaired collateral flow [19]. Therefore, a higher 
likelihood of requirement for PMV may represent poor 
collateral circulation and fast core infarct progression 
in this group of patients. Diabetes has also been shown 
to be associated with a higher likelihood of respiratory 
or bloodstream infections in ICU patients which may 
have contributed to PMV requirement after endovas-
cular stroke therapy [20]. Because of the lack of impor-
tant neurological clinical information associated with 
PMV, including stroke severity, exact location and size of 
stroke, etc., the results of the article may not completely 
reflect the risk factors of PMV.

We observed a decline in rates of intubation utilization 
(overall general anesthesia) and PMV over time during 
the period of this analysis. However, our analysis of claims 
data for PMV is unable to differentiate whether patients 
were initially intubated for elective reasons prior to the 
endovascular procedure, or for medical comorbidities 
and complications requiring intubation and mechanical 
ventilation. Results from the general or local anesthesia 
in intra-arterial therapy (GOLIATH) trial showed no sig-
nificant difference in infarct growth, clinical outcomes 
[21], or ventilator associated pneumonia [22] between 
patients randomized to the general anesthesia and those 
randomized to the conscious sedation. Thus, prolonged 
ventilation requirement is more likely associated with the 
underlying clinical comorbidities and the acute ischemic 
sequala, rather than the elective choice of pre-procedural 
general anesthesia. Taken together, the observed decline 
in rates of prolonged ventilation requirement over time 
would more likely represent recent improvements in EVT 
and post-interventional clinical care, rather than merely 
a decrease in rates of general anesthesia utilization prior 
to EVT. In addition, practice changes in the field could 
have implications on our findings via patient selection 
and systems of care, as prior to the landmark endovas-
cular stroke trials, only the most severe LVOs were more 
likely to be selected for EVT and these patients may have 
had prolonged intubation as the result of their underlying 
stroke severity.

We believe that the findings of this analysis have 
important implications because it demonstrates the 
important potentially modifiable risk factors for PMV 
following EVT. A proper management plan such as better 
treatment optimization of patients with CHF or diabetes 
before and after EVT could help minimize the morbid-
ity and mortality in patients with large vessel occlusive 
strokes. Our results also may have implications for future 
research on predictors of respiratory complications fol-
lowing EVT as it supports the investigation of more sen-
sitive biomarkers for cardiopulmonary failure, such as 
BNP.

Our analysis cannot characterize whether diabetes or 
heart failure equally relates to the risk of PMV in patients 
with elective vs non-elective (e.g., respiratory failure) 
intubation prior to EVT. Therefore, future clinical stud-
ies will be needed to examine the risk of prolonged ven-
tilation in different subgroups of ischemic stroke patients 
that undergo intubation prior to endovascular stroke 
therapy. In fact, the choice of anesthetic strategy (elective 
intubation vs conscious sedation) on functional outcome 
is an unresolved matter, whereas a recent individual 
patient meta-analysis of 368 EVT who were randomized 
to general anesthesia or procedural sedation showed 
better functional outcomes in those who received gen-
eral anesthesia [23], other retrospective studies reported 
worse functional outcome in EVT patients with general 
anesthesia [24, 25]. Therefore, future studies need to 
examine whether underlying comorbidities such as dia-
betes or heart failure would interact with the association 
between elective general anesthesia prior to EVT and 
functional outcomes.

Our investigation has several strengths. It represents a 
comprehensive examination of a large, real-world patient 
population with endovascular stroke therapy. While 
missing values are typically excluded in many of the 
analyses of the nationwide data, we used a robust meth-
odology to impute missing values following guidelines 
provided by the HCUP. We also utilized a robust match-
ing algorithm, i.e., the Full/Variable propensity score 
matching, that allows optimal adjustment for differences 
between the two groups (with or without prolonged ven-
tilation requirement) using all available variables in the 
database.

Our study has limitations. Despite efforts to minimize 
bias, including a robust matching strategy to adjust for 
baseline differences between groups and a sensitiv-
ity analysis restricted to a more homogenous group of 
patients, residual confounding by measured or unmeas-
ured variables remain possible. The NIS lacks clinical 
information regarding stroke severity, exact location, 
and size of stroke; the time from symptom onset to 
treatment; EVT recanalization rates; why patients were 
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initially intubated and the status of advanced direc-
tive for maximal vs minimal life support. Therefore, we 
cannot pinpoint whether our findings are differentially 
mediated by these factors. However, we performed two 
sets of sensitivity analyses restricted to patients with 
slightly different clinical characteristics (IV tPA eligible 
vs not eligible; anterior circulation vs vertebrobasilar 
strokes) which yielded similar results. Additionally, this 
analysis spanned a time of substantial practice changes 
that could influence the observed results. In this anal-
ysis, we used a small and precise caliper (0.1 SD) for 
matching that increases the quality of the matches that 
are made; however, the trade-off is that the number of 
unmatched cases may increase, that may increase the 
likelihood of bias due to incomplete matching. Finally, 
the identification of diagnoses and procedures was 
largely dependent on  ICD-9-CM  codes collected for 
billing purposes and thus may be susceptible to meas-
urement error. However, this is more likely to be non-
differential in nature and therefore would be less likely 
to alter the observed associations.

Conclusion
In summary, heart failure and diabetes were independ-
ent predictors of PMV following EVT. PMV was asso-
ciated with greater risk of in-hospital mortality, acute 
renal failure, and increased length of stay following 
EVT. Early identification of these potentially modifiable 
clinical factors and implementing appropriate manage-
ment strategies, such as patient positioning and care-
ful glycemic and fluid balance management, may help 
improve outcomes in patients admitted to intensive 
care units following EVT.
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