
Low-Dose Steroids Effective in
Septic Shock

A B S T R A C T  &  C O M M E N T A R Y

This large, multi-institution, placebo-controlled,
blinded study sought to identify the effect of replacement

doses of adrenocortocosteroids on patients in septic shock with
and without adrenal insufficiency. A total of 300 patients with
clinical signs of severe infection and hypotension unresponsive to
fluids and 5 µg/kg of dopamine (for at least 1 hour), requiring
mechanical ventilation, and having oliguria or a PaO

2
/FiO

2
ratio

less than 280 mm Hg, were randomized to receive hydrocortisone
50 mg IV every 6 hours and 50 µg fludrocortisone by tube, or cor-
responding placebos, daily for 7 days. On entry, patients under-
went a short cortrosyn stimulation test with a 250 µg bolus of
tetracosactin and cortisol levels were determined before and at 30
and 60 minutes after drug administration. Patients who did not
demonstrate a cortisol level increase of at least 9 µg/dL at 30 or
60 minutes were considered nonresponders (NR) indicating rela-
tive adrenal insufficiency. Study end points were 28-day, ICU,
hospital, and 1-year mortality rates. Following complete, blinded
data collection, 4 treatment groups were defined: Nonresponders
treated with steroids (NR-S), nonresponders treated with placebo
(NR-P), responders treated with steroids (R-S), and responders
treated with placebo (R-P).

Of the 300 enrolled patients, 299 completed the study: in the
one dropout, consent was withdrawn. The 4 groups of patients
were well balanced in general characteristics and severity of ill-
ness. There were no significant differences in age, sex, co-mor-
bidities, acute physiologic measures, time to treatment, dose or
type of vasopressor, antibiotics or duration of antibiotic treat-
ment, or level of mechanical ventilatory support. A total of 77%
of the studied patients were classified as NR and only 23% (70
patients) were R. The use of steroids compared to placebo in all
patients (NR-S plus R-S compared to NR-P plus R-P) resulted in
a trend to lower mortality at all study points: 55% vs. 61% at 28
days; 60% vs. 68% at ICU discharge; 63% vs. 69% at hospital
discharge; and 68% vs. 75% at 1 year. The difference was statisti-
cally significant when only the NR were considered: 53% vs.
63% at 28 days (P = .04); 58% vs. 70% at ICU discharge (P =
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.02); 61% vs. 72% at hospital discharge (P = .04); and
68% vs. 77% at 1 year (P = .07). The R, a much
smaller group, showed no benefit at any point. There
was no trend toward a worse outcome from steroid
use in the R group. The improved mortality at 28 days
from steroid treatment in all patients results in 1 life
saved for every 8 patients treated.

In addition to the dramatic improvement in mortality,
withdrawal from vasopressors was significantly shorter
in the treatment group, 7 vs. 9 days. Adverse events
possibly attributable to steroid use, including additional
infections, GI bleed, and psychosis were not more fre-
quent in the steroid-treated patients (Annane D, et al.
Effect of treatment with low doses of hydrocortisone
and fludrocortisone on mortality in patients with septic
shock. JAMA. 2002;288:862-871).

n COMMENT BY CHARLES G. DURBIN, Jr., MD
After a period of enthusiastic use many years ago,

steroid treatment of sepsis and septic shock has been
challenged by many investigators and has been aban-

doned by most clinicians in the last decade. However,
recent evidence suggests that there may be a subgroup
of patients in septic shock whose adrenal response is
insufficient. When these patients are given mainte-
nance rather than “industrial” doses of steroids, their
clinical status quickly improves and they can often be
weaned from vasopressors. Effects on mortality have
been equivocal. This large, well-executed study
strongly supports the use of replacement/maintenance
dose steroids in patients with severe sepsis. The effect
on mortality of this simple replacement therapy is as
great as that reported for the new drug, drotrecogin
alpha (Xigris). The cost of steroid therapy is trivial
compared to the cost of this new anticoagulant, anti-
inflammatory agent.

On the basis of this study, it seems reasonable to pro-
vide a short course (7 days) of maintenance steroids to
septic patients on vasopressors who require mechanical
ventilation. While there were no adverse events (or ben-
efits) in the responders, the number of patients in this
group is small and it is possible that adverse events are
more likely with steroids. It would be prudent to use an
adrenal stimulation test to stop the steroids in those
patients with a normal response to avoid any risk. 

This is a remarkable study in many ways. All of the
patients were followed for a year following their septic
shock treatment and clinical and functional outcomes
were collected—an impressive feat. Very few large clin-
ical studies are successful in obtaining this degree of
information and long-term follow-up. A wide variety of
patients, both surgical and medical, were included
allowing the findings to be applied to diverse patient
groups.

There are many unanswered questions: What is the
proper steroid drug and dose? Would a slightly higher
dose further improve outcomes? When do the side
effects and complications begin to increase? Is the min-
eralocorticoid agent (fludrocortisone) necessary? Will
this therapy be useful earlier in the course of sepsis?
What is the appropriate duration of therapy? Should the
treatment be continued longer in patients still on vaso-
pressors after 1 week?

Not reported in the paper was the effect of the steroid
administration on blood glucose levels. Recent data
indicate that tight control of serum glucose levels with
insulin administration improves ICU outcomes:1,2 Does
the use of steroids make this issue worse?

While this is only a single study, the impressively
positive results, the lack of complications, and the
insignificant cost of therapy suggest that vasopressor-
dependent patients in septic shock be given the benefit
of a week of steroid replacement therapy.   n
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Increasing Respiratory Rate
to Improve PaCO2 in Patients
with ALI and ARDS
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: In patients with ALI or ARDS, use of a high-
er respiratory rate did not increase CO2 clearance and
resulted in the generation of dynamic hyperinflation
and adverse hemodynamic effects.

Source: Vieillard-Baron A, et al. Increasing respiratory
rate to improve CO

2
clearance during mechanical ven-

tilation is not a panacea in acute respiratory failure.
Crit Care Med. 2002;30:1407-1412.

The ardsnet lung-protective ventilation
strategy for managing acute lung injury (ALI) and

the acute respiratory distress syndrome (ARDS) calls
for an increase in respiratory rate (to a maximum of 35
breaths/min) in an attempt to normalize PaCO

2
when a

low tidal volume strategy is used. The purpose of this
study was to determine the effects of this increased res-
piratory rate on PaCO

2
, auto-PEEP, and right ventricular

function. The study included 14 patients meeting the
definition for ALI or ARDS. Patients were sedated and
paralyzed for the study. The ventilator was set for vol-
ume-controlled continuous mandatory ventilation. Tidal
volume was set at 8 mL/kg and I:E was set at 1:2.
Plateau pressure was maintained at ≤ 25 cm H

2
O. PEEP

was set to a level that counterbalanced auto-PEEP.
Respiratory rates of 15 breaths/min and 30 breaths/min
were compared without changing the inspiratory flow,
tidal volume, or PEEP settings. Respiratory and
echocardiographic measurements were made at each
respiratory rate setting. 

Compared to the lower respiratory rate, the higher
rate setting did not significantly decrease the PaCO

2
(47 ± 8 mm Hg with the high rate and 51 ± 7 mm Hg
with the low rate). Alveolar dead space was signifi-
cantly higher with the high rate (0.21 ± 0.08) com-
pared to the low rate (0.14 ± 0.06). The high respira-

tory rate resulted in significant auto-PEEP (6.4 ± 2.7
cm H2O). With the higher respiratory rate, right ven-
tricular outflow impedance was increased, resulting in
a significant decrease in cardiac output (2.9 ± 0.6
L/min/m2 for the high rate compared to 3.3 ± 0.7
L/min/m2 for the low rate).

n COMMENT BY DEAN R. HESS, PhD, RRT
Few would debate that the ARDSnet results1 pro-

vide compelling evidence for the mechanical ventila-
tion of patients with ALI and ARDS. Using a strategy
that targeted a tidal volume of 6 mL/kg of predicted
body weight and an end-inspiratory plateau pressure ≤
30 cm H2O, an absolute reduction in mortality of
almost 10% was reported. This produces a number-
needed-to-treat of 10, meaning that 1 life will be
saved for every 10 patients in whom this volume and
pressure limitation strategy is used. With such com-
pelling evidence, I have been amazed at the number
of arguments that have been proposed to avoid adop-
tion of this strategy. 

Some have argued that volume-controlled ventila-
tion is the wrong mode and some have argued that the
PEEP level used in the ARDSnet study was too low.
Others have argued for strategies such as prone posi-
tioning and recruitment maneuvers (strategies for
which there is no evidence of a survival benefit).
Another attack on the ARDSnet strategy, and the one
put forward in this study, is that the high respiratory
rate is bad; that it will produce auto-PEEP and dan-
gerous effects associated with such.2 This is an easy
target, as auto-PEEP was not reported in the ARDSnet
study. In the present study, auto-PEEP increased with
the higher respiratory rate and this was associated
with an increased dead space and adverse hemody-
namic effects. 

I have difficulty knowing how to apply these find-
ings to my practice. I advocate strict adherence to the
ARDSnet protocol (the only way to compare results
in my patients to ARDSnet is to implement that strat-
egy verbatim). ARDSnet calls for measuring the
height of the patient, calculating predicted body
weight (PBW) based upon that height, and targeting a
tidal volume of 6 mL/kg PBW. In this study, the tech-
nique used to determine body weight is not stated and
a tidal volume of 8 mL/kg was used. Accordingly, the
tidal volume in this study may have been substantially
greater than that used in ARDSnet, which may have
contributed to the amount of auto-PEEP and hemody-
namic effects. Vieillard-Baron and associates also did
not set PEEP according to the ARDSnet strategy,
which may have affected the amount of dead space. 



Perhaps the greatest limitation of this study is that
the inspiratory time was unchanged when the rate was
increased. Thus the I:E was 1:2 at a rate of 15
breaths/min, but 1:1 at a rate of 30 breaths/min. In
practice, most clinicians would decrease the inspiratory
time when the rate is increased—particularly if auto-
PEEP occurs. In practice, auto-PEEP is measured and
the I:E adjusted if such is present. This was a short-
term physiologic study. Accordingly, we do not know if
the “adverse” physiologic effects reported are associat-
ed with any effect—good or bad—on ultimate patient
outcomes.

Even if auto-PEEP occurs when the ARDSnet
ventilation strategy is used, it does not eliminate the
very important point that this ventilation strategy is
associated with a survival benefit. If I am the unfor-
tunate patient with ALI or ARDS, I’ll happily
accept a little auto-PEEP to improve my chance of
survival.   n

References
1. Ventilation with lower tidal volumes as compared with

traditional tidal volumes for acute lung injury and the
acute respiratory distress syndrome. The Acute
Respiratory Distress Syndrome Network. N Engl J
Med. 2000;342(18):1301-1308.

2. de Durante G, et al. ARDSNet lower tidal volume ven-
tilatory strategy may generate intrinsic positive end-
expiratory pressure in patients with acute respiratory
distress syndrome. Am J Respir Crit Care Med.
2002;165(9):1271-1274.

n COMMENT BY DAVID J. PIERSON, MD
ALI and ARDS are 2 variants of a syndrome of

acute generalized lung injury that follows or accom-
panies a variety of severe pulmonary and nonpul-
monary disorders. ALI and ARDS have the same
diagnostic criteria except for the severity of oxygena-
tion impairment, as measured by the relationship
between arterial PO

2
and inspired oxygen concentra-

tion (PaO2/FIO2). There are 4 components in the
diagnosis:
1. Bilateral opacities on chest radiograph;
2. Pulmonary artery wedge pressure < 18 mm Hg (or,

in the absence of a PA catheter, no clinical evidence
of left atrial hypertension);

3. Hypoxemia: PaO 2/FIO2 < 300 mm Hg = ALI
PaO

2
/FIO

2
< 200 mm Hg = ARDS

4. An appropriate clinical setting (acute illness; pres-
ence of a recognized risk factor or at least no other
likely explanation for findings).
There is no “primary” (eg, directly therapeutic)

treatment for ARDS. Anecdotal reports and clinical
trials of a variety of agents aimed at preventing or
counteracting the effects of the presumed mediators
of lung injury have all been unconvincing or nega-
tive. There is also no evidence that achieving “better”
oxygenation (ie, a higher PaO

2
/FIO

2
) improves out-

comes. Management is therefore supportive, with the
main aims of providing adequate tissue oxygenation,
support of vital organ function, and the prevention of
further lung damage and other complications.

The practical implementation of mechanical ven-
tilation according to the ARDS Network protocol
(http://hedwig.mgh.Harvard.edu/ardsnet) is nicely
discussed by Kallet and associates in a recent
review1 This protocol uses volume-targeted, assist-
control ventilation because this mode makes the
goals of limiting both static inflation pressure and
delivered tidal volume easier to achieve. It uses tidal
volume (corrected for ventilator circuit compression
volume) based on PBW, calculated as follows:
Male: PBW in kg = 50 + 2.3 (height in inches - 60)
Female: PBW in kg = 45.5 + 2.3 (height in inches - 60)

As mentioned above by Dr. Hess, there is a great
deal of debate about the ARDSnet protocol among
leading intensivists. Some clinicians, after embracing
pressure control ventilation because of its lower peak
airway pressure and (still largely theoretical) other
advantages over volume-targeted ventilation, have
had a hard time with the idea of returning to “old
fashioned” assist-control. I have little doubt that
using pressure control to achieve the primary objec-
tives of the ARDSnet protocol—tidal volume no
more than 6 mL/kg and plateau pressure no more
than 30 cm H

2
O—would be as effective in improving

outcomes. The trick is in actually achieving these
goals consistently, and making sure that the tidal vol-
ume does not exceed 6 mL/kg as the patient’s respi-
ratory system compliance varies. There is also strong
belief among some clinicians that PEEP should be
used differently than stipulated by the ARDSnet pro-
tocol. At present, clinically relevant proof of this is
lacking, and the second phase of the ARDS Network
study (still unpublished) did not demonstrate a con-
vincing difference in outcomes with a higher-PEEP,
lower-FIO

2
approach as compared to the use of lower

PEEP and higher FIO
2
.   n
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Special Feature
Critical Care Issues in
Subarachnoid
Hemorrhage
By Uday B. Nanavaty, MD

Subarachnoid hemorrhage (sah) is a common,
life-threatening disorder in which critical care may

play an important role in obtaining a positive outcome.
Aneurysmal bleeding is the most common cause of
acute subarachnoid hemorrhage. There are some data to
suggest that care provided by a specialized neurocritical
care unit may improve outcomes in acute neurological
and neurosurgical conditions, suggesting further that
intensivists may play an important role in coordinating
the care of patients with SAH, whether they are under-
going surgical repair.

Epidemiology and Pathophysiology
The incidence of SAH rises with age with median

age of around 50 years. There are some data to suggest
that the disorder is more common in females and that
perhaps African Americans are more likely to suffer
from SAH. More than 25,000 patients suffer from SAH
every year in North America and unfortunately, 10,000
or so die before reaching the hospital. Of the patients
who make it to the hospital, more than half will die or
be severely disabled, further highlighting the need for
critical approach to their problems.

Most SAH (more than 80%) result from rupture of a
saccular aneurysm. The anterior cerebral circulation is
the site of the aneurysm in more than 80% of cases.
Other causes of SAH include arteriovenous malforma-
tions and trauma. In about 10% of the patients, no cause
can be identified even after several different diagnostic
approaches. 

It is thought that an attenuated tunica media and lack
of external elastic lamina in intracranial arteries are pri-
marily responsible for the increased incidence of
aneurysm formation inside the cranial vault. Shear
forces arising at branching of intracranial vessels are
thought to be responsible for the development and rup-
ture of an aneurysm. Factors that increase the shear
forces or hinder the repair from an injury further con-
tribute to the process. Hypertension, smoking, and alco-
hol consumption are considered to be modifiable risk
factors. Family members of patients with SAH have
more than a 4-fold increase in incidence of SAH and

screening of family members with more than one affect-
ed member in the family is often suggested. Patients
with autosomal dominant polycystic kidney disease
have increased incidence of SAH and unruptured
aneurysms. Whether patients with Marfan’s syndrome
or Ehler-Danlos syndrome also have higher incidences
of SAH is not clear.

Once an aneurysm or arteriovenous malformation
ruptures, blood leaks into the subarachnoid space. Due
to the limited space in the intracranial vault, the
intracranial pressure (ICP) rises rapidly, resulting in a
reduction in cerebral perfusion pressure. Distal blood
supply is reduced due to vasospasm and clot formation
locally. As the blood clot is resolved, further vasospasm
may occur, and fibrinolysis is thought to contribute to
rebleeding.  Hypothalamic dysfunction develops for
unclear reasons and results in altered cardiovascular and
respiratory functions.

Clinical Manifestations
Those patients who are not comatose from a massive

hemorrhage often describe development of “the worst
headache of my life.” Nausea and vomiting from rising
ICP are other common manifestations. Some patients
may present with a “warning leak,” a milder headache
and are often misdiagnosed in the clinic with other
common types of headache. Rarely, patients may pres-
ent with ischemic stroke-type symptoms, but CT scan
often reveals SAH, preventing them from getting throm-
bolytic therapy, that can be fatal if administered to a
patient with SAH.

Nuchal rigidity is common. Cranial nerve palsy,
often affecting the lateral rectus muscle of the eyes, is
seen in more severe cases. Focal neurological deficits in
the setting of SAH portend more severe disease, and
loss of consciousness is considered ominous, especially
if the patient is deeply comatose.

Several different classification schemes have been
described. Two most commonly used are summarized in
the Tables. Hunter and Hess classes I and II are consid-
ered good grades. Classes IV and V portend a very poor
prognosis, even with active therapy. These classification
schemes help identify patients who may need referral to
a specialized center, as well as providing good prognos-
tic information.

Diagnosis 
CT scan of the head is very sensitive at detecting

SAH. It is positive in more than 90% of the cases, in
the first 24 hours. After 24 hours, its ability to detect
recent bleeding declines drastically. In those circum-
stances, a lumbar puncture can be used to demonstrate



xanthochromia in the cerebrospinal fluid, after first
making sure by a CT scan that cerebral herniation is
not imminent. Once the initial diagnosis is established,
further diagnostic tests are performed to localize site of
the aneurysm. Conventional angiography is considered
standard in most institutions, and if contraindicated,
CT angiography or magnetic resonance angiography
can be used.

Management Issues
Early surgical therapy is gaining acceptance in

United States as the standard approach. Most patients
with Hunt and Hess grades I and II SAH undergo early
surgical intervention. Although the outcome is poor in
patients who are at grades IV or V at presentation,
many centers report good outcomes in as many as 20%
of such patients, making referral to a tertiary center
worthwhile especially for younger patients without
much underlying medical disease. Decompressive
craniectomy has been reported to be effective at rescu-
ing some of the poor-grade patients in their early part
of hospitalization.

Rebleeding
The biggest contributor to mortality in patients who

present alive is rebleeding from the aneurysm. Studies
suggest 4% risk of bleeding in first 24 hours and 1-2%
per day thereafter up to 14 days. If the aneurysm is not
repaired, therapy of vasospasm further increases the risk
of bleeding, making early repair a priority. Rebleeding
is suspected when neurological status deteriorates or if
ICP rises acutely, if monitoring is being performed.

In most centers, a good-grade patient will have an
early definitive treatment to repair the aneurysm. Most
centers favor surgical repair especially for large
aneurysms. Endovascular therapies are also performed
in centers with active interventional neuroradiology pro-
grams. Long-term success of such endovascular therapy

is not very well defined, further favoring a surgical
approach.  A combined approach with coiling or
embolization followed by surgical repair of arteriove-
nous malformations is also performed.

Surgical repair also helps to establish better monitor-
ing and control of ICP. The timing of surgery is contro-
versial, but most centers opt for first 3 days or delay the
surgical repair to after 10-14 days. 

Antifibrinolytic therapy to prevent rebleeding has not
been shown to benefit overall outcome and may
increase the risk of vasospasm, hence such therapies as
tranexamic acid or aminocaproic acid are not routinely
used in the United States. 

Vasospasm and Cerebral Ischemia
Development of vasospasm and secondary cerebral

ischemia is another leading cause of mortality and mor-
bidity in patients with SAH. Extravascular blood and
the products of its dissolution are considered irritant for
cerebral vessels, giving rise to cerebral vasospasm.
Local factors also contribute to vasospasm, although
they are not necessarily the only factors as the
vasospasm may be diffuse or may involve cerebral
arteries away from the site of the ruptured aneurysm.

Transcranial measurement of the velocity of blood
flow using the Doppler effect to detect asymptomatic
vasospasm is common. Rather than going by an
absolute velocity to define vasospasm, it is more helpful
to follow trends. A persistent upward trend in transcra-
nial Doppler (TCD) velocity is suggestive of
vasospasm. It is important to remember that TCDs are
not very accurate at detecting changes in velocity in the
posterior circulation; hence one has to follow clinical
examination as well. A deteriorating clinical status with
rising flow velocity by TCD is sufficient to make a
diagnosis of vasospasm. If the clinical condition is dete-
riorating and TCDs are negative, angiography remains
the gold standard to detect vasospasm.

Nimodipine, a calcium channel blocker with selec-
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Table 2

Severity of Subarachnoid Hemorrhage; World
Federation of Neurological Surgeons
Classification

WFNS Grade GCS* Score Motor Deficit

I 15 None

II 13-14 None

III 13-14 Present

IV 7-12 Present or Absent

V 3-6 Present or Absent

* GCS = Glasgow Coma Scale

Table 1

Severity of Subarachnoid Hemorrhage; 
Modified Hunter and Hess Classification

Grade Clinical Features

0 Unruptured Aneurysm

I Asymptomatic or minimal headache and minimal nuchal rigidity

II Moderate to severe headache and nuchal rigidity, no focal
neurological deficits except for cranial nerve palsy

III Drowsiness, confusion, or mild focal deficits

IV Stupor, hemiparesis, early decerebrate type posturing,
vegetative disturbances

V Deep coma, moribund appearance, decerebrate rigidity
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tive CNS vasodilatory effects, has been shown in ran-
domized, controlled trials to improve the mortality and
morbidity in SAH. Although the incidence of
vasospasm remains the same on nimodipine, it is
thought that this agent prevents vasospasm in smaller
vessels thereby improving the cerebral blood flow.

If vasospasm is detected in a single vessel, and espe-
cially if it is detected during angiography, endovascular
therapy can be used, either in the form of balloon angio-
plasty of the affected vessel or in the form of papaverine
infusion locally. If the local therapy fails or if diffuse
vasospasm is detected, “HHH” therapy is instituted. The
components of HHH therapy include Hypervolemia,
Hypertension, and Hemodilution. Although the studies
are not conclusive and experts argue on either using it
or abandoning it, some or all components are used
widely in critical care. Circulatory volume is expanded
with the use of isotonic saline. Hypertension is generat-
ed, especially if the patient is hypotensive, by using
dopamine, norepinephrine, neosynephrine, or isopro-
terenol depending upon the underlying comorbidities
that the patient may have. Hemodilution is achieved
concomitantly to maintain hematocrit in the range of
30-35. In appropriate settings, invasive monitoring is
recommended to further optimize HHH therapy, as
patients may develop rebleeding or pulmonary edema if
they are not closely monitored.

Patients can develop vasospasm any time between 3
and 14 days following the initial bleed. Nimodipine
therapy in the dose of 60 mg every 4 hours is started
within the first 96 hours, and it is continued for 4-6
weeks. Hypotension remains the common side effect of
Nimodipine therapy. 

Hydrocephalus
Development of acute hydrocephalus is also a com-

mon cause of change in mental status in patients with
SAH. It is easily detected by CT scan. Most patients
undergoing surgical repair will have some form of ven-
tricular drainage to control the hydrocephalus.
Ventriculostomy performed without definitive repair of
the aneurysm increases the risk of rebleeding by sud-
denly reducing intracranial pressure.

Cardiac and Pulmonary Abnormalities
The cardio pulmonary abnormalities are thought to

result from hypothalamic dysfunction associated with
SAH. Most patients with SAH will have EKG abnor-
malities, especially in the form of T-wave inversion and
prolongation of the QT interval. It is important to rule
out SAH if a patient presents to the emergency room
with coma and an EKG suggestive of acute ischemia.

Although focal abnormalities are not common, some
patients may develop globally reduced left ventricular
function and may need inotropic support before recov-
ering. Subendocardial necrosis is often seen in necrop-
sies and it is suggested that severe local vasospasm
from sympathetic overstimulation may cause such
changes. Consistent with that, many patients will have
elevation of biomarkers suggestive of myocardial
infarction without really having occlusive coronary
artery disease.

Neurogenic pulmonary edema may develop in the
setting of SAH. Again, in such patients, it is important
to ensure that cardiac function is adequate, as pul-
monary edema from neurogenic causes can have a nor-
mal, low, or even high pulmonary artery occlusion
(wedge) pressure. Hence, invasive monitoring with pul-
monary artery catheter-directed therapy may be needed
in order to optimize cardiopulmonary function.
Management of most cardiac and pulmonary abnormal-
ity is symptomatic, as most of the dysfunction improves
over time if neurological status improves.

Hyponatremia
Hyponatremia in patients with SAH may be second-

ary to the syndrome of inappropriate antidiuretic hor-
mone (SIADH) or due to cerebral salt wasting from
increased production of atrial natriuretic peptide. It is
important to correct the hyponatremia to maintain an
isotonic environment, but the usual approach of fluid
restriction is not appropriate as that may worsen the
vasospasm. Hypervolemia must be maintained with
administration of hypertonic saline if necessary.
Treatment of cerebral salt wasting involves replacement
of lost fluids with isotonic saline. 

Other traditional critical care issues such as steps to
prevent gastrointestinal bleeding, deep venous thrombo-
sis, and prevention of nosocomial infections, along with
appropriate nutritional support, should be addressed. In
patients with focal neurological deficits, seizure prophy-
laxis is often recommended. Families may need support
during this often-tragic event in the life of their loved
ones. 

Prognosis
The mortality from SAH is highest in the first 24

hours of the event, and more than 25% of patients will
not make it to the hospital alive. Further, patients who
present with higher grades of Hunter and Hess classifi-
cation (grades IV and V) have a very poor prognosis. Of
the patients who present alive, the mortality rate
approaches 40%, and a further 20% will suffer from
severe disability. In spite of the overall poor prognosis,



a large body of literature favors an aggressive approach,
especially for young and otherwise healthy patients. 

In summary, critical care physicians play an important
role in the management of patients with SAH.
Coordination of care among the intensivist, neurosur-
geon, neurologist, neuroradiologist, and other health care
providers is important for the optimum outcome.
Research continues in the area of finding further medical
miracles such as a recent report of a platelet activating
factor receptor antagonist to be safe and perhaps effica-
cious; however, hours of painstaking attention to detail at
the bedside are more likely to produce more “miracu-
lous” saves than an ever elusive “magic bullet.”   n
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CME/CE Questions
1. Relative adrenal insufficiency:

a. is uncommon in patients with septic shock.
b. should be treated with high-dose steroids for at least 10 days.
c. may contribute to mortality.
d. cannot be diagnosed easily in the ICU.
e. should be suspected in ICU patients with ARDS.

2. Replacement-dose steroids (hydrocotisone and fludrocortisone): 
a. should be given to all patients in septic shock requiring vaso-

pressors.
b. should only be given to patients with low levels of cortisol.
c. should not be given to patients with a surgical wound.
d. should not be given to patients with hyperglycemia.
e. should not be given to patients with positive blood cultures.

3. The study by Vieillard-Baron et al reported that an increased
respiratory rate in patients with ALI or ARDS can result in:
a. increased dead space, increased auto-PEEP, and adverse hemo-

dynamic effects.
b. decreased intrapulmonary shunt and increased arterial 

oxygenation.
c. decreased dead space and decreased arterial PCO

2
.

d. improved synchrony between the patient and the ventilator.
e. None of the above

4. Lung-protective ventilation for ARDS according to the
ARDSnet protocol includes which of the following?
a. Predicted body weight calculated according to age and sex
b. Limiting end-inspiratory plateau pressure to 35 cm H

2
O 

c. A maximum respiratory rate of 35 breaths/min
d. Use of pressure control ventilation
e. Keeping arterial PCO

2
above 40 mm Hg

5. All the following are true regarding surgical management of
ruptured aneurysm except:
a. Early repair is gaining acceptance in United States especially for

the good grade patients.
b. Patients with WFNS Grade IV or V should never be operated

upon.
c. Timing of surgery is controversial but most centers favor either

first 3 days or delay surgery to 10-14 days.
d. Decompressive craniectomy can rescue some of the moribund

patients in the early part of their hospitalization.

6. A 45-year-old woman with no previous medical history suffered
SAH from a ruptured Anterior Communicating Artery
Aneurysm. She underwent surgical clipping within 48 hours of
her presentation. Today, 3 days after her surgical procedure,
her mental status has changed. TCDs were trending upwards
and a CT scan does not show hydrocephalus. Her ICP is stable
and an emergent angiogram shows diffuse vasospasm. She is
afebrile, her HR = 65, Systemic BP = 110/60 and her HCT is 40.
All the following are suggested to help her through her
vasospasm except:
a. hypertension.
b. hemodilution.
c. hyperthermia.
d. hypervolemia.
e. nimodipine therapy to continue.
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CME/CE Objectives
After reading each issue of Critical Care Alert,

readers will be able to do the following:
• Identify the particular clinical, legal, or scientific

issues related to critical care.
• Describe how those issues affect nurses, health 

care workers, hospitals, or the health care industry
in general.

• Cite solutions to the problems associated with those
issues.
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Capnography Now Available for Nonintubated Patients
New Technology Offers Modular Convenience

By Julie Crawshaw, CRC Plus Editor

Capnography, the ventilation-monitoring process that uses infrared spectrography to measure
the amount of expired CO

2
, may be coming to an ICU near you very soon. ICU nursing staff and physicians

don’t really see it as a monitoring modality yet, but they will, because it’s an earlier warning of respiratory difficul-
ties,” says William W. Feaster, MD, MBA, medical director of Anesthesia for Community Medical Centers in
Fresno, CA. 

“Capnography provides a real-time graphic assessment of respiratory activity,” Feaster says, “and advances in
manufacturing technology mean ICU staff can use capnography to monitor nonintubated as well as intubated
patients. Capnography, Feaster says, offers medical staff the advantage of an earlier warning that something’s
going wrong than does pulse oximetry, which measures the oxygen-saturation in blood hemoglobin.” 

ICU-Friendly Technology Available 
Several companies are bringing out modular capnography-monitoring systems that can be plugged into a bed-

side monitor and measure expired CO
2

very effectively, adds Jay Falk, MD, director of medical education in the
Orlando (FL) Regional Healthcare System and clinical professor of medicine and emergency medicine at the
University of Florida College of Medicine. “The new Microstream technology gives excellent results on non-intu-
bated patients through a nasal cannula,” Falk says. 

Falk observes that although monitoring expired CO
2

has been the standard of care in operating rooms for the
past decade, it hasn’t been routinely used in the ICU. He adds that end-tidal CO

2
monitoring, long considered only

as a monitor of ventilation, offers more innovative uses to today’s intensivist. 

As an example, he points to the difficulty in determining the best level of positive expiratory pressure (PEEP).
By comparing the arterial CO

2
level to the end-tidal CO

2
level in the exhaled gas, staff can easily determine when

best PEEP is reached because there will be a very small difference between the two measurements. Too much or
too little PEEP over-widens the gradient between the blood-level and end-tidal CO

2
, so increasing or decreasing

PEEP followed by rechecking the gradient allows staff to accurately determine the best PEEP level. 

At very low flow states, Falk says, his own research shows that the end-tidal CO
2

becomes a monitor for cardiac
output, important for emergency room physicians who lack the arterial lines and other monitors available in the
ICU. “In the emergency room we can monitor expired CO

2
during a code and know how we’re doing,” he says.

“It’s noninvasive and cheaper than other monitors as well.” 

Falk adds that data now show if the end-tidal PCO
2

is below 10 mm Hg after 20 minutes of code it’s very unlike-
ly the patient can be resuscitated. In rural areas this can signal paramedics they can stop doing CPR. 

The Benefits of Capnography 
Researchers in one recent study1 described interpreting the capnograph as intuitive and requiring approximately

30 minutes to learn. They compared simultaneous respiratory rate measurements obtained by capnography and by



auscultation with a pre-tracheal stethoscope and con-
cluded that capnography was an excellent indicator of
respiratory rate when compared to auscultation. 

Feaster sees the greatest potential application for
capnography in non-intubated patients, patients who
have recently been extubated or have a severe respirato-
ry problem such as asthma, and patients undergoing
heavy sedation. “Technology is now available that
allows non-intubated patients to have quite accurate end
tidal CO

2
measurement,” Feaster says. “There are many

more potential applications as well for non-intubated
patients with conditions that could lead to hypoventila-
tion. The next step is patient studies and peer-review.” 

Recommendations from the American Society of
Anesthesiologists, he adds, suggest that monitoring for
apnea using the detection of exhaled CO

2
is a useful

adjunct to pulse oximetry in assessing ventilation of
patients undergoing sedation and analgesia.

(For more information contact William Feaster at
(559) 459-2417 or Jay Falk (407) 237-6324.)   n

Reference
1. Vargo J, et al. Automated graphic assessment of respi-

ratory activity is superior to pulse oximetry and visual
assessment for the detection of early respiratory
depression during therapeutic upper endoscopy.
Gastrointest Endosc. 2002;55:826-831.

Artificial Variability Research
Picks Up Momentum
Boston Area Studies Results are Encouraging 

Artificial variability research from eugene
Litvak, PhD, professor of health care and opera-

tions management, and colleagues at the Boston
University School of Management has made consider-
able progress since we first reported in June 2001. 

Litvak and fellow researcher Michael E. Long, MD,
adjunct associate professor of health care and opera-
tions management at Boston University, recently com-
pleted a study funded by the Massachusetts Department
of Public Health to find root causes and test hypotheses
for emergency room diversion at two large hospitals in
the northeast.

The pair tested three primary hypotheses for ED
diversion: Patient overuse and an increase in patient ER
flow; internal problems in the emergency room such as
slow processing, too few cubicles, etc.; and back-up
because patients can’t get into ICU or floor units. 

Litvak and Long found that only the last of these cor-
related highly with times most surgical patients left
operating rooms and post-operative care units floor
beds, which effectively turned ED patients who would
otherwise have been moved into ICUs or on to floors
into “boarders” who blocked the patient flow. Litvak
says that findings support his thesis that emergency
department performance itself almost doesn’t play any
role in ED patient diversion.

Long notes that he and Litvak have also been looking
at other effects of this kind of variability in surgical
caseloads throughout the hospital. “One study showed
patients receive better care in ICUs, so there’s a quality
of care issue here, too, Long says. “Because we can’t
staff to the peaks anymore, we know that on some days
everyone is going to be overworked, which is when
many medical errors occur.” 

He adds that artificial variability adversely affects
nursing morale and retention, thus exacerbating an
already problematical nationwide shortage of nurses as
it forces them into overtime.

Smoothing Surgical Admissions 
Once the patient flow problem is identified as lack of

internal beds, Litvak says, the question becomes why
there are enough beds at some times but not others. Two
forces, the emergency department and the operating
rooms, compete for beds, Litvak says. While hospitals
can’t control the number of ED patients, altering sched-
uled surgeries can smooth operating room flow and
relieve pressure on the ED and ICU. By smoothing the
scheduled surgical admissions hospitals can see what
additional resources are needed, Litvak says, and only the
uncontrollable unscheduled demand remains, making
justifying funding for additional beds a much easier task.

Two facilities Litvak and Long hope to study next are
Boston Medical Center and Holy Family Hospital in
Methuen, MA. John B. Chessare, MD, pediatrician and
chief medical officer at Boston Medical, says his facili-
ty has signed on to study its artificial variability and
committed to making the changes the study suggests. 

Chessare, a devotee of system dynamics, says that
very few hospitals are managed scientifically. “ED diver-
sion is an example of a supply big enough to handle the
demand but inefficiently used,” Chessare says. “Dr.
Litvak’s tool is routinely used in every other industry and
I think the take-home message here is that the dichotomy
of physician and non-physician leaders is very silly.” 

Michael McManus, MD, anesthesiologist and inten-
sivist and assistant director of Pediatric ICU at Boston
Children’s Hospital, has done an article about Litvak’s
work for the Journal Anesthesiology. McManus says he
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expected flows of scheduled surgical patients to be
even and non-random and was surprised to find that his
ICU arrival rates varied more than the emergency
admissions did. 

“We had never looked carefully at downstream
impact of patient flows from the operating room,”
McManus says. “We thought more about maximizing
OR utilization, but now we’re looking at how we can
manage flow to improve capacity if the peaks of
demand come in ways that can be slowed.” 

McManus adds that applying Litvak’s methodology
can become more complicated as one gets into it
because patient length of stay is also variable. “But even
if we can just smooth out the way arrivals arrive, we
think the system will work better,” he says.

Greg Bird, RN, MS, vice president for nursing at
Holy Family, became acquainted with Litvak’s work
through a seminar at which Litvak was a breakout speak-
er. Bird got Litvak to do a presentation for Holy
Family’s chiefs of surgery and anesthesia and selected
nursing staff. He is currently seeking funding for Litvak
to come to Holy Family to study hospital capacity, ED
and OR volumes, the number of patients admitted from
the ED, OR and physician’s offices, the number of beds,
and the available average length of stay. Holy Family
will then apply Litvak’s methodology to smooth its sur-
gical schedule.

Clinic Joins Research Study
Jeff Doran, Senior VP of the Lahey Clinic in

Burlington, MA, says Lahey’s ED diversion problem
has become severely exacerbated over the last couple
of years, creating crisis for patients and difficult con-
ditions for staff. Lahey, a regional tertiary referral
source for many of the community hospitals north and
east of Boston, has an active surgical specialty vol-
ume, performing about 18,000 surgical procedures a
year. When Doran met Litvak while looking for ways
to solve the bed shortage he volunteered Lahey, a
multi-specialty group practice with 450 physicians
and an attached 269-bed acute care hospital, for
Litvak’s study.

Doran assembled an internal support team and
Litvak and two of his associates gathered reams of
information. Though he says that the resulting report
quantified and validated a lot of his intuitive beliefs,
Doran credits most of patient flow improvements
Lahey has since experienced to opening 19 additional
beds, adding nursing staff, and converting med/surg
beds into telemetry beds. 

“You can’t oversimplify the solution to just leveling
patient throughput,” Doran notes. “You have to decide

who has the biggest priority-the guy who’s waiting to
have the tumor taken out or the ED waiting for a patient
to arrive, which is where it gets difficult.” 

He suggests that substantially smoothing out the sur-
gical schedule could find surgeons initiating certain
types of surgical cases at hours when they should be
sleeping instead of operating.

“People think my research is against surgeons, but it
isn’t,” Litvak says. “You can actually perform more sur-
geries when patient throughput increases, and surgeons
benefit from that.” 

But Doran cautions that convincing surgeons to
alter their scheduled operations can be tricky. Getting
the entire surgical service together to clearly articu-
late the challenges and issues, what approaches might
be and why it would be a good thing for the organiza-
tion as well as for patients, is a good start because it
ensures that everybody is being educated from the
same page. 

Then look at how surgical cases are scheduled and
supported and see if you can make some tangible
modifications. “We’re still in the education process on
the surgical side,” Doran says, which is why some of
this data Dr. Litvak has been working on is going to
be very useful.”

Screen Shots for System Available
Boston University senior systems analyst Abbot

Cooper is developing software based on the configura-
tion and number of units for individual hospitals to use
to determine their levels of artificial variability. Cooper
cautions that the software model is highly sophisticated
and requires data most hospitals don’t have readily
available. It’s not as simple as plugging in a few num-
bers and letting it go, Cooper says, because the primary
principal data concerns patient’s potential movements
as opposed to their actual movements. 

“Most hospitals will record patient arrival and depar-
ture times but not the length of time in which the patient
is ready to leave,” Cooper says. “That’s the data you
need in order to accurately model the system to distin-
guish between patient demand and satisfaction of that
demand. Hospitals would need to collect more data in
order to leverage the software. Every hospital is differ-
ent, Cooper notes. There’s no cookbook answer that
will apply to everybody. 

(For more information contact Eugene Litvak at
(617) 358-1633; John Chessare at (617) 638-6723; Jeff
Doran at (781) 744-3485; Abbot Cooper at (617) 353-
8900; Michael McManus at (617) 355-6426; Greg Bird
at (978) 687-0156 ext.2176; or Abbot Cooper (617)
353-8900.   n



Researcher Advises
Replacing JCAHO Ratings

Outcomes assessment seen as better indicator 
of care

Scores given by the joint commission for
Accreditation of Healthcare organizations

(JCAHO) are a poor indicator of the quality of health
care patients actually receive, according to John
Griffith, professor of health management and policy at
the University of Michigan School of Public Health. 

Griffith and fellow researchers recently compared
JCAHO-assigned hospital scores to Medicare-based
measures of mortality and complications and found lit-
tle relationship between the two.

“We expected to see ‘good’ JCAHO hospitals get
‘good’ performance scores, be safe, well financed, effi-
cient and progressive,” Griffith says. “The data showed
the hospitals with the worst JCAHO scores have as good
performance as the group with the best. A hospital’s
JCAHO score doesn’t predict its outcomes success.”

JCAHO, which rates 95% of acute care hospitals in
the United States, by scoring four dozen separate activi-
ties in hospitals and calculating a weighted overall score
before deciding to accredit, was established in 1950.
Griffith says the group still bases its criteria on descrip-
tions of processes believed to contribute to effective
care written by the College of Surgeons in 1920. 

Though the process and structure measures used in
accreditation are often acquired cheaper and faster than
outcomes information, their usefulness and credibility
depend on whether or not they can predict actual out-
comes. And JCAHO ratings can be affected by conditions
that change once the accreditation inspection is over. 

Griffith says that two problems arise between the
investigative and rating poles of “do they do the
processes” and “what was their score?” The problems
are that some institutions spend enormous amounts of
energy securing a good score but appear to resume slop-
py habits one the JCAHO inspector leaves, and some
inspectors are not as thorough as they should be. “It’s
easy to get misled,” Griffith says. “An institution that
wants to hide the truth has more weapons than the
inspector does, and an inspector’s job is not really an
appealing one.”

Outcomes a Better Quality Measure
Outcomes are a far more reliable quality-of-care

measure, Griffith believes, and thus should be used to

develop a dependable rating system. Both outcomes
assessment and a balanced score card assessment are
needed. “It’s nice to look at the processes used in sur-
gery to keep patients from developing infections,”
Griffith notes. “It’s even smarter to look at the actual
infection rate.” 

He adds that it would be smarter yet to see if the
institution has the proper financial support to survive, a
program in place to develop effective personnel and a
sufficient volume of activity to assure its staff remain
fully skilled and practiced. 

In gathering data, Griffith used seven measures select-
ed from Medicare reports by Solucient LLC of Evanston,
IL, which were widely recognized as reflecting important
attributes of performance and developed using broadly
accepted definitions and adjustments. The measures were
also essentially independent of one another, reflected a
wide range of actual performance and had substantially
lower year-to-year variation for the same hospital than
cross-sectional variation across hospitals. 

Griffith concluded that a disjuncture exists between
the outcomes measures used and Joint Commission hos-
pital performance evaluations. He notes that the Solucient
measures of quality are conceptually similar to the aims
of the Institute of Medicine, and adds that his data indi-
cate that hospital and community characteristics do not
substantially alter mortality and complication scores. 

Griffith says the first step in successfully revising the
accreditation process may well be studying successful
practices, adding that it’s now possible to differentiate
hospitals with consistently good outcomes from those
with improving outcomes and those with recurring
weak performance. He points to work done by the
National Quality Forum (NQF) and LeapFrog Group as
the best direction for developing a new system. 

He particularly likes the NQF’s consensus report, A
National Framework for Healthcare Quality
Measurement and Reporting, which identifies 17 NQF-
endorsed principles and policy statements that comprise
the beginning of a national framework for improving
the quality of U.S. healthcare through measurement and
reporting. The draft report is available for review at
http://www.qualityforum.org/hospreport.pdf. 

(For more information contact John Griffith at (734)
936-1304.)   n
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