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Synopsis: In this prospective, multicenter, randomized trial, addi-
tion of a helium-oxygen gas mixture to non-invasive positive pres-
sure ventilation in the treatment of COPD exacerbations did not 
decrease the need for intubation when compared to non-invasive 

positive pressure ventilation alone. 

Source: Maggiore SM, et al. A multicenter randomized trial of noninva-
sive ventilation with helium-oxygen mixture in exacerbations of chronic 

obstructive lung disease. Crit Care Med. 2010;38:145-151. 

Previous studies have shown that addition of a helium-oxygen mix-
ture (HeO

2
) to non-invasive ventilation (NIV) in patients with 

COPD exacerbation improves dyspnea, work of breathing, and carbon 
dioxide elimination, but have yet to establish whether this approach is 
associated with improvements in other important clinical outcomes. 
Using a prospective, multicenter randomized study design, Maggiore 
and colleagues sought to address this gap in the literature and test the 
hypothesis that NIV combined with HeO

2
 was associated with de-

creased need for intubation during COPD exacerbations when com-
pared to NIV alone. 

Patients were included in the study if they were between 18 and 
85 years of age; had known or suspected COPD based on pulmonary 
function tests, blood gases, clinical history, or chest radiograph; had 
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worsening dyspnea for two weeks or less; had PaCO
2
 > 45 

mm Hg; and had two or more of the following: respiratory 
rate > 24, pH < 7.35, and PaO

2
 < 50 mm Hg on room air. Pa-

tients were excluded if they had respiratory arrest or need for 
immediate intubation, pneumothorax, a short life expectancy 
(< 1 month), high oxygen requirements, and a variety of other 
criteria. 

Enrolled patients were randomized to receive NIV plus 
HeO

2
 or air-oxygen in addition to conventional medical treat-

ment. All patients were treated with an FIO
2
 of 0.35 and were 

started on an inspiratory pressure (IPAP) of 12-15 cm H
2
O 

and an expiratory pressure (EPAP) of 5 cm H
2
O with subse-

quent changes based on clinical status and blood gas results. 
NIV was not applied continuously and was, instead, applied 
intermittently for > 6 hours/day with clinicians free to decide 
how long and how often to use NIV each day. NIV was grad-
ually discontinued when the total duration of NIV was < 6 
hours/day. The decision to perform endotracheal intubation 
was based on pre-specified criteria that were well-defined in 
the study. The primary endpoint was the need for endotra-
cheal intubation while secondary endpoints included total du-
ration of NIV and invasive mechanical ventilation, length of 
ICU and hospital stay, 28-day mortality, and the incidence of 
adverse events. 

A total of 204 patients were included in the study (102 per 
group). Sixty-four percent of the patients had a prior diagnosis 
of COPD, while the remaining 36% were suspected of having 
the diagnosis at the time of admission. Patients in both groups 
received an average IPAP of 15.1 ± 4 cm H

2
O and EPAP of 3.3 

± 2.0 cm H
2
O. The total duration of NIV in the first 48 hours 

of admission did not differ between the two groups, with the 
HeO

2
-treated patients receiving an average of 17.7 ± 9.8 hours 

compared to 18.8 ± 11.3 hours in the control group. A total of 
56 patients in the study (27%) required intubation. The intuba-
tion rate was lower in the HeO

2
 group (24.5%) compared to 

the control group (30.4%), but this difference was not statisti-
cally significant (p = 0.35). Statistically significant differences 
favoring HeO

2
 were seen, however, in the subgroup of patients 

who required NIV for < 4 days (31% vs. 53%). There were no 
statistically significant differences in the duration of mechani-
cal ventilation, ICU and hospital length of stay, and mortal-
ity. Observed complications included facial skin necrosis, eye 
irritation, gastric distention, and nosocomial pneumonia, but 
there were no observed differences in the incidence of these 
complications between the two study groups.

■ COMMENTARY

Non-invasive positive pressure ventilation is now the stan-
dard treatment for patients who present with severe COPD 
exacerbations, as the treatment modality has been shown to 
decrease the need for intubation, shorten ICU length of stay, 
and improve mortality in such patients. The question is: Can 
we do better? The addition of HeO

2
 to treatment regimens in 

these patients certainly makes physiologic sense — the less 
dense and slightly more viscous HeO

2
 mixture leads to more 

laminar flow in obstructed airways and requires less pressure 
to drive ventilation — and has been shown to improve symp-
tom-based and physiologic outcomes. Unfortunately, we still 
lack evidence that the therapy provides benefits over NIV 
alone with regard to other more important outcomes, includ-
ing the need for intubation. Maggiore et al did show a trend 
toward improvement in this outcome measure but, as with a 
previous study that looked at this issue,1 these results were not 
statistically significant. They did show a significant improve-
ment in those patients who required NIV for < 4 days, but the 
utility of this finding is questionable, as it is very difficult to 
predict a priori the duration of therapy that will be required in 
a given patient. 

Both of these studies share a problem in that they were small 
and likely underpowered and, as a result, potentially subject to 
Type II errors. The study by Maggiore and colleagues likely 
also suffered from their overly broad inclusion criteria that 
might have captured patients who did not truly have COPD 
(e.g., prior pulmonary function testing was not required for di-
agnosis and relatively young patients unlikely to have COPD 
were eligible for inclusion) and the fact that NIV practices and 
other aspects of care were not standardized across study sites. 
It is also unclear whether the choice of HeO

2
 mixture (65% he-

lium, 35% oxygen) was appropriate and, in particular, wheth-
er mixtures with a lower FIO

2
 and, therefore, lower density, 

might have yielded more benefit. The choice of this mixture is 
somewhat odd in that the observed hypoxemia in COPD exac-
erbations is typically due to areas of low ventilation-perfusion 
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ratios rather than shunt and usually responds to only small in-
creases in the FIO

2
 well below the 35% level used in this study. 

The fact that this and the prior study showed a trend to-
ward improvement does provide a reasonable justification for 
conducting a larger trial to address this question, but until the 
results of such a trial are available, we should not be wheel-
ing the heliox tanks to the bedsides of our COPD patients. 
Although the therapy is relatively benign in terms of the side 
effect profile, it is not cheap. At our institution, each K-sized 
tank costs roughly $150 and, depending on the intensity of 
use in a given patient, several tanks may be required each day. 
Granted, this expense may be offset by savings associated with 
decreased hospital and ICU length of stay, but before we em-
bark on wholesale use of the therapy we should really wait for 
better evidence of benefit in important clinical outcomes.   ■ 

Reference
1. Jolliet P, et al. Helium-oxygen versus air-oxygen noninva-

sive pressure support in decompensated chronic obstruc-
tive disease. Crit Care Med. 2003;31:878-884.

Stress Cardiomyopathy 
 
ABSTRACT & COMMENTARY

By Michael H. Crawford, MD
Dr. Crawford is Professor of Medicine, Chief of Cardiology, Uni-
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Source: Sharkey SW, et al. Natural history and expansive clini-
cal profile of stress (Tako-Tsubo) cardiomyopathy. J Am Coll Car-
diol. 2010;55: 333-341.

Stress-induced apical cardiomyopathy (tako-Tsubo) is 
a recently recognized reversible form of acute cardio-

myopathy that may mimic acute myocardial infarction ini-
tially. Reported experience with this condition is limited to 
small observational studies with short follow-up periods. 
Thus, these investigators from Minneapolis and Boston as-
sembled data on 136 consecutive cases of stress cardiomy-
opathy (SC) over a seven-year period. Diagnostic criteria 
included an acute chest pain event, typical LV contraction 
abnormality encompassing more than one coronary artery 
territory, and no significant coronary stenoses on angiogra-
phy. A subgroup of 95 patients had cardiac MRI shortly af-
ter admission. Almost all the patients were women (96%), 
and the mean age was 68 years (range 32-94 years). In 

89%, a distinct stressful event preceded the presentation 
within 12 hours. These events were emotional in 47% and 
physical (trauma, post surgical) in 42%. Among the physi-
cal triggers, use of catecholamines was common. An ECG 
mimicking acute ST elevation myocardial infarction was 
common (49%), and troponin was elevated in 92%. Ven-
tricular wall motion abnormalities were variable, but most 
involved at least the apex of the left ventricle. Only one 
patient showed delayed enhancement on CMR consistent 
with scar. Acute mortality was 2%, but only one patient 
died of cardiogenic shock. The others died of intracranial 
causes. Apical ventricular thrombi were identified in five 
patients, two of whom had embolic events. LV function 
returned rapidly in 96%, although, in 5%, recovery was 
delayed more than two months. Nonfatal recurrences oc-
curred in 5%. During the seven years of the study, the inci-
dence of SC increased due to a shift to more events associ-
ated with physical trauma. The authors concluded that the 
clinical spectrum of SC was heterogeneous, and suggested 
that expanded surveillance strategies and anticoagulation 
should be considered.

■ COMMENTARY

This large observational study of patients with SC raises 
several interesting points about this unusual but serious 
condition. First, the investigators took an inclusive ap-
proach, combining those with emotionally triggered events 
and those with physical or pharmacologic triggers. Much 
has been written about the cardiomyopathy of subarach-
noid hemorrhage, but it was included as another form of SC 
in this series. Second, in the later years of their experience, 
physical triggers predominated, suggesting that increased 
awareness led to more SC diagnoses in hospitalized patients 
with a variety of medical illnesses, surgical procedures, 
and, even, diagnostic tests (e.g., dobutamine stress echo). 
Third, despite the potential role of exogenous or endog-
enous catecholamines, beta-blocker therapy did not seem 
to prevent the occurrence of SC. Fourth, ventricular throm-
bus and systemic emboli were observed in a few patients, 
raising the issue of prophylactic anticoagulation. Since the 
majority of patients had normal LV function within a few 
days, perhaps prophylactic anticoagulation should be used 
in those with persistent apical akinesis and continued until 
LV function normalizes. Fortunately, mortality is low in SC 
and usually due to the underlying disease.   ■

Aortic Stenosis —  
When to Operate 
 
ABSTRACT & COMMENTARY

By Harold L. Karpman, MD, FACC, FACP 
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Synopsis: Even if asymptomatic, early elective aortic valve 
replacement should be considered for increasingly symp-
tomatic patients with severe aortic valve stenosis because 
they have a poor prognosis with a high event rate and a 
risk of rapid functional deterioration, especially if the peak 
aortic jet velocity is above 5.5 m/sec.

Source: Rosenhek R, et al. Natural history of very severe aortic 
stenosis. Circulation. 2010;121:151-156.

The prognosis for asymptomatic patients with severe 
aortic stenosis is usually quite favorable and a watchful 

waiting approach, which has been demonstrated to be quite 
safe, is usually the clinical approach utilized by most phy-
sicians.1-4 However, it must be clearly recognized that when 
symptoms start to develop in patients with severe aortic ste-
nosis, a very poor prognosis can be expected unless an aor-
tic valve replacement procedure is urgently performed.5-7 

Asymptomatic patients usually are not recommended for 
aortic valve replacement for many reasons, including the 
immediate operative risk, the long-term morbidity and 
mortality, and the potential need for reoperation.8 However, 
many clinicians have argued in favor of an earlier inter-
vention because of the higher operative risk that occurs as 
patients become increasingly symptomatic,9 the risks of 
late symptom reporting by stoical patients, and the risk of 
sudden death even though this risk is generally quite low in 
asymptomatic patients.1,2

Rosenhek and his colleagues prospectively followed 
116 consecutive, asymptomatic patients with very severe 
isolated aortic stenosis in an attempt to define its natural 
history and to determine which patients should be selected 
for valve replacement before they became symptomatic. 
They concluded that in asymptomatic patients with severe 
aortic stenosis, the presence of a calcified aortic valve 
combined with rapid hemodynamic progression identi-
fied a high-risk population in whom early elective valve 
replacement should be considered.2

■ COMMENTARY

Despite being asymptomatic, patients with very severe 
aortic stenosis quite often have a poor prognosis with a 
high event rate and a significant risk of rapid functional 

deterioration. This study by Rosenhek et al demonstrated 
that event-free survival rate for patients with severe aortic 
stenosis (defined by a peak aortic jet velocity of 4.0-5.0 m/
sec) diminished from 82% at year 1 to 39% at year four. 
The survival rates were significantly worse for patients 
with a very severe stenosis (defined by a peak jet veloc-
ity of 5.0-5.5 m/sec): These patients had a survival rate of 
only 76% at year one and 17% a year four. Patients with 
aortic stenosis and associated coronary artery disease had 
a worse chance of event-free survival because a more rapid 
hemodynamic deterioration usually occurs.2,8 However, the 
presence of coronary artery disease was not found to be 
of statistically significant additional prognostic importance 
and neither was treatment with statin drugs, renin-angio-
tensin-aldosterone system inhibitors, or beta blockers.

Clinicians should recognize that patients with very se-
vere aortic stenosis (i.e., defined as those patients with a 
peak aortic jet velocity greater than or equal to 5.5 m/sec) 
tend to have more severe and rapid onset of symptoms 
than do those patients with a lower jet velocity. There-
fore, even asymptomatic patients with very severe aortic 
stenosis should be considered for early elective valve re-
placement surgery because of the risk of rapid functional 
deterioration often associated with an increased event 
rate. All patients with aortic stenosis should be closely 
followed, evaluated carefully with respect to early symp-
tom development. Additionally, they should be frequently 
monitored echocardiographically to determine any aortic 
jet velocity changes of significance.   ■
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Cardiac Surgery  
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ABSTRACT & COMMENTARY
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Source: Speziale G et al. Operative and middle-term results of 
cardiac surgery in nonagenarians. A bridge toward routine prac-
tice. Circulation. 2010;121:208-213.

Cardiac surgery carries greater risk in older patients. No-
nagenarians are a growing part of cardiology practice as 

our population ages. While age > 90 years has previously been 
considered a contraindication to cardiac surgery, more recently, 
surgeons have been operating on selected nonagenarians who 
have high functional status. To determine the factors associated 
with adverse outcomes in this age group, Speziale et al present 
their retrospectively collected surgical data on nonagenarians 
undergoing cardiac surgery over a 10-year period from eight 
centers in Italy. In carefully selecting their patients, they rou-
tinely use the Duke Activity Status Index in all patients pre-
senting for surgical evaluation. They considered a score less 
than 10 an absolute contraindication to surgery and a score of 
10-15 as a relative contraindication. Furthermore, they refused 
surgery to those who were bed-bound and those without strong 
family support.

A total of 127 patients with a mean age of 92 years (range 
90-103) underwent cardiac surgery — coronary artery bypass 
grafting (CABG), valve surgery, or both. This represented 
1.2% of their total surgical volume during that time period. Im-
portantly, over one-third of cases were non-elective. Overall 
30-day surgical mortality was 13.4%. This compared favorably 
with the expected mortality based on the logistic EuroSCORE 
(21.3 6.1). Mean follow-up time was 3.6 years (range 7 months 
to 5 years). The total mortality at the end of follow-up was ap-
proximately 50%. Post-operative complication rates were high, 
occurring in 54 patients (42.5%); these included eight ICU 
readmissions, five surgical revisions, 17 cases of respiratory 
failure, 22 cases of acute renal failure, 11 neurological compli-
cations, 38 post-op arrhythmias, and two sternal wound infec-
tions. There were no differences in mortality or complication 
rates according to the types of surgery. Multiple logistic regres-
sion identified non-elective presentation (odds ratio 9.3, p < 
0.001) and previous myocardial infarction (odds ratio 4.1, p = 
0.014) as independent predictors of post-op complications. The 

ICU and total hospital lengths of stay were prolonged (10.2-
4.1 days in ICU, 29.2-5.6 days in hospital). Despite the high 
mortality, complication rates, and length of stay, those who 
survived experienced improvement in symptoms. Comparing 
baseline to end of follow-up, the percentage of patients in each 
NYHA class were as follows: I- 10.8% vs. 44.6%; II-27.7% vs. 
41.5%; III-44.6% vs. 12.3%; IV-16.9% vs. 1.5%. The authors 
conclude that although the complication rate is high, cardiac 
surgery in nonagenarians can achieve functional improvement 
at the price of considerable operative and follow-up mortality. 
Cardiac operations are supported in the very elderly if the sur-
gery is performed early and electively.

■ COMMENTARY

Advanced age is associated with higher complication rates for 
most procedures and operations. Thus, cardiac surgery, which 
carries significant risk even in young healthy patients, has tradi-
tionally not been offered to the very elderly. Furthermore, many 
cardiac surgeries are performed to increase life expectancy, which 
may be unrealistic in elderly patients with other co-morbidities. 
However, whether cardiac surgery should be offered to those no-
nagenarians who are highly functional remains unknown. Stud-
ies like these, although limited by their retrospective nature and 
lack of control group, demonstrate that even in very rigorously 
selected, highly functioning nonagenarians, surgical mortality, 
complication rates, and length of stay are very high. As nona-
genarians become a more common part of cardiology practice, 
which they inevitably will, discussing therapeutic options with 
them must include these high-mortality and complication rates. 
Symptomatic improvement can be seen in those who survive, but 
the price is high.   ■

Brain Attack 
 
SPECIAL FEATURE

By Saadia R. Akhtar, MD, MSc 
Idaho Pulmonary Associates, Boise 
Dr. Akhtar reports no financial relationship to this field of study.
This article originally appeared in the March 2010 issue of Critical Care Alert. It was 

edited by David J. Pierson, MD, and peer reviewed by William Thompson, MD. 

Each year, about 795,000 strokes occur in the United 
States; 85% of these are acute ischemic strokes. Acute 

stroke remains the third leading cause of death in the United 
States (137,000 persons yearly) and accounts for significant 
morbidity and disability in survivors. Risk factors for acute 
stroke include race (incidence is higher in African-American 
and Hispanic patients, compared to Caucasians), age (75% of 
patients are > 65 years), obesity, hypertension, atrial fibrilla-
tion, diabetes, hyperlipidemia, and tobacco use.1 
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The underlying pathophysiology of acute ischemic stroke gen-
erally involves acute intracranial arterial occlusion (thrombotic or 
embolic). Neurons in the area of the brain being primarily sup-
plied by the occluded vessel die within minutes. Adjacent to and 
surrounding the immediate area of ischemia and infarct are fur-
ther at-risk areas of diminished blood flow, the ischemic penum-
bra. Without rapid revascularization, these areas may infarct as 
well, greatly extending the injury.2

In the past, clinical observation and supportive care were all 
that could be offered for acute ischemic stroke. More recently, 
thrombolysis in the early hours has been shown to significantly 
improve outcomes. To convey the importance of early detection 
and intervention for stroke, the term “brain attack” (analogous to 
heart attack) has been advocated by some experts. This review will 
discuss diagnosis and initial evaluation of acute ischemic stroke, 
the evidence and indications for thrombolysis, and some key is-
sues in subsequent ICU management. 
 
Diagnosis

Acute ischemic stroke typically presents as acute onset 
of focal neurological deficits with or without higher cerebral 
dysfunction. As the term brain attack implies, these patients 
should be triaged with no less urgency than those with acute 
myocardial infarction. After assessing and stabilizing airway, 
breathing, and circulation, a focused history (including risk 
factors for ischemic stroke and potential contraindications for 
thrombolytics, discussed below) and examination should be 
performed. Determination of the exact time of symptom onset 
is essential for making treatment decisions.3 It is important to 
consider and rule out conditions that may mimic stroke, such 
as severe hypoglycemia, seizure, migraine, or conversion dis-
order.4 Use of a formal stroke scale is recommended by ex-
pert guidelines. There are a variety of validated assessment 
and scoring systems for initial diagnosis, grading of severity 
and subsequent monitoring of patients with acute stroke. The 
National Institutes of Health Stroke Scale (NIHSS) is perhaps 
the most commonly endorsed and utilized. It is a simple series 
of tests evaluating level of consciousness, comprehension, and 
visual, motor, sensory, and language responses, taking about 5 
minutes to administer.5 

The initial imaging study should be a noncontrast head CT 
scan. This will generally rule out hemorrhagic stroke, as well as 
mass lesions, and may give clues about the vascular distribution 
of an ischemic stroke. A standard brain MRI is equally useful 
but generally not as readily available in many centers.6

Additional imaging may be obtained but is not usually 
necessary in the initial evaluation and decision-making pro-
cess about thrombolytic therapy. CT-angiography or contrast-
enhanced MR-angiography can define vascular anatomy and 
directly identify vascular occlusions or stenoses. Diffusion-
weighted MRI will demonstrate infarct within minutes of vas-
cular occlusion and perfusion CT or perfusion-weighted MRI 
may help to delineate the ischemic penumbra.6

Thrombolysis 
Stroke management changed dramatically in 1995. The Na-

tional Institute of Neurological Disorders and Stroke (NINDS) 
undertook a randomized, double-blind, placebo-controlled 
clinical trial of the use of intravenous (IV) recombinant tissue 
plasminogen activator (tPA; 0.9 mg/kg with maximum dose of 
90 mg) within 3 hours of stroke onset on neurological outcome 
at 3 months. Several important exclusion criteria were used: his-
tory of intracranial hemorrhage, stroke or head trauma in the 
past 3 months, major surgery in the past 2 weeks, GI or GU 
hemorrhage in the past 3 weeks, arterial puncture at noncom-
pressible site within the past week, current use of anticoagulants 
or evidence of coagulopathy, BP > 185/110 mm Hg, minor or 
rapidly improving symptoms, symptoms strongly suggestive 
of subarachnoid hemorrhage, or seizure at onset of stroke. The 
study found that, compared with placebo, patients receiving 
tPA had an increase in favorable outcome; they were at least 
30% more likely to have minimal or no disability at 3 months 
following their strokes (this benefit was later shown to extend 
to 1 year following treatment). This was despite an increase in 
symptomatic intracerebral hemorrhage in the first 36 hours fol-
lowing tPA administration (6.4% vs 0.6% in the placebo group). 
There were no differences in serious systemic hemorrhage or in 
3-month mortality between the placebo and treatment groups.7

The findings of the NINDS trial have subsequently been 
replicated in large prospective observational studies of tPA.6 

More recent, robust data by Hacke et al support extension of 
tPA use to 4.5 hours after stroke onset, although there is a clear 
direct relationship between earlier time of treatment and like-
lihood of favorable outcome.8 Systemic tPA is now the stan-
dard of care for acute ischemic stroke, and it is suggested that 
institutions develop their own protocol for this with inclusion 
and exclusion criteria based on those used in the above hall-
mark studies.4 

There is no place in acute stroke management for other 
thrombolytic agents at this time: Considerably higher inci-
dence of intracerebral hemorrhage has been seen with strep-
tokinase and data for other agents (urokinase, desmoteplase) 
are insufficient.4

The role of intra-arterial thrombolysis directly at the occlu-
sion site remains unclear. There is limited evidence to suggest 
benefit in patients with middle cerebral artery occlusions pre-
senting within 6 hours of stroke onset, but no studies directly 
compare systemic IV tPA to intra-arterial thrombolysis.9 There 
are some pilot studies looking at intra-arterial thrombolysis as 
an early “rescue” therapy if response to systemic IV tPA is 
limited.6

Finally, at this time, there is no defined role for mechanical 
thrombectomy/embolectomy in management of acute ischemic 
stroke. Small studies of endovascular devices have shown reason-
able rates of vascular recanalization, but neurologic outcome has 
not been evaluated as a primary endpoint, and there have been no 
head-to-head comparisons with IV tPA.10
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ICU Care
Airway, ventilation, and oxygenation must continue to be 

monitored closely once a patient is admitted to an ICU. De-
pressed level of consciousness and brainstem dysfunction from 
stroke may lead to hypoventilation, hypoxia, airway compro-
mise, or aspiration; a low threshold must be maintained for 
intubation in such patients. Untreated hypoxia may worsen 
cerebral ischemic injury. Aspiration and other pneumonia may 
adversely impact outcomes. If intubation and mechanical ven-
tilatory support are required, prognosis is guarded; half or more 
of patients requiring intubation in the setting of acute stroke 
may not survive beyond 30 days.11 

Blood pressure management is one of the key aspects of 
acute stroke care in the ICU. Hypertension is common after 
acute stroke, and may reflect underlying chronic hypertension 
or acute pain or anxiety. It may also be an appropriate physio-
logical response to maintain cerebral perfusion in the setting of 
loss of normal autoregulation at the area of ischemia. There is a 
clear U-shaped relationship between initial blood pressure and 
mortality from acute stroke, with adverse outcomes associated 
with very low and very high systolic blood pressures.12 Very 
severe hypertension may increase risk of cerebral edema, hem-
orrhagic transformation of the ischemic stroke, or other end-
organ complications (myocardial ischemia, pulmonary edema, 
acute renal failure); overly aggressive lowering of blood pres-
sure may worsen cerebral perfusion and risk extension of an 
ischemic stroke.6 

Therefore, current guidelines suggest not treating blood 
pressure in the setting of acute ischemic stroke until it exceeds 
220/120 mm Hg; if patients have received thrombolytics, this 
parameter is lowered to 180/105 mm Hg. Beyond this, blood 
pressure should not be lowered more than about 15% in the 
first day.4 The antihypertensive agents of choice include non-
selective beta-blockers, such as labetolol, and calcium channel 
blockers, such as nicardipine and ACE-inhibitors; nitroprus-
side and hydralazine should be avoided as they may be more 
likely to cause cerebral vasodilation and elevation of intracra-
nial pressure.6

Hypotension is uncommon in the setting of acute ischemic 
stroke and is a poor prognostic indicator. Intravascular vol-
ume should be maintained in these patients, using isotonic IV 
fluids. Clinical trials are ongoing to assess whether inducing 
hypertension may have benefit in patients with acute ischemic 
stroke and initial hypotension.6

It remains unclear how to best manage body temperature 
in patients with acute ischemic stroke. Hyperthermia (fever) is 
associated with worse neurological outcomes, but it has been 
difficult to demonstrate improvement in outcomes with treat-
ment (or prophylaxis) with antipyretics.13,14 Thus, the only rec-
ommendation that can be made is to consider antipyretics if 
fever occurs and treat the source of fever whenever possible. 
Similarly, although hypothermia is neuroprotective in animal 
models of stroke and has been shown to improve neurological 

outcomes after out-of-hospital cardiac arrest, further clinical 
trials are needed to determine whether it may benefit patients 
with acute ischemic stroke.15,16

Hyperglycemia is associated with poorer outcomes after 
acute ischemic stroke. It is clearly a marker of stroke sever-
ity. It worsens ischemic damage in animal models of acute 
stroke and is associated with increased risk of hemorrhagic 
transformation of acute stroke, greater infarct size on MRI, 
and, in some reports, less favorable neurological outcome 
and increased mortality. The mechanism is unclear; anaerobic 
glycolysis, increased free-radical formation, and disruption 
of the blood-brain barrier may occur. Despite these observa-
tions, there is a paucity of data to guide how best to manage 
glucose and whether any approach alters outcomes in patients 
with acute ischemic stroke. Until further evidence is obtained, 
guidelines recommend targeting glucose < 140-180 mg/dL.4

Early antiplatelet therapy with aspirin is indicated for all 
patients with acute ischemic stroke. Two very large random-
ized, placebo-controlled clinical trials (about 20,000 patients 
each) have shown that aspirin given within 48 hours of acute 
ischemic stroke reduces risk of recurrent stroke, death, and 
dependence.17,18 It is recommended that aspirin be started im-
mediately if thrombolytics are not given; if IV tPA is given, 
aspirin should be started 24 hours later.19

Finally, ICU caregivers must be vigilant for neurological com-
plications of acute ischemic stroke: cerebral edema, hemorrhagic 
transformation, and seizure. Frequent examinations and monitor-
ing with a validated stroke scale are essential for identifying neu-
rological changes early. Cerebral edema is most common follow-
ing large middle cerebral artery distribution or cerebellar strokes. 
Although it can progress rapidly with severe clinical deterioration 
within the first 24 hours, it presents most typically at about day 4. 
Usual treatment for elevated intracranial pressure is recommended 
(elevation of head of bed, hyperosmolar therapy, short-term mod-
erate hyperventilation, CSF drainage) along with early consider-
ation of decompressive craniotomy. Hemorrhage at the area of 
stroke is often limited, of little clinical consequence, and managed 
supportively. For more significant, symptomatic intracranial hem-
orrhage, particularly after tPA, fresh frozen plasma and cryopre-
cipitate should be administered emergently.4,6

Conclusion 
Acute ischemic stroke is a common problem resulting in 

considerable morbidity and mortality. Rapid, coordinated tri-
age/evaluation, early treatment with thrombolytics, and sub-
sequent aggressive supportive ICU care have the potential to 
vastly improve outcomes.   ■
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CME/Objectives

Upon completion of this educational activity, participants 
should be able to:

discuss pertinent safety, infection control and quality 
improvement practices;
explain diagnosis and treatment of acute illness in 
the hospital setting; and
discuss current data on diagnostic and therapeutic 
modalities for common inpatient problems.  ■ 
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