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Synopsis: One-year mortality post-severe sepsis and 
septic shock was significantly reduced after implementation 

of an early goal-directed therapy protocol for sepsis in a 
large urban emergency department.

Source: Puskarich MA, et al. One year mortality of patients 
treated with an emergency department based early goal directed therapy

protocol for severe sepsis and septic shock: A before and after study. 
Crit Care. 2009;13:R167; Epub ahead of print.

EARLY GOAL-DIRECTED THERAPY (EGDT) HAS BEEN SHOWN TO reduce
hospital mortality from severe sepsis and septic shock.

Puskarich et al hypothesized that long-term outcome would also be
improved. They performed a prospective, observational study of the
one-year outcome of patients presenting to the emergency depart-
ment (ED) with severe sepsis or septic shock in the year before
(“pre”) and the two years after (“post”) implementation of an
EGDT protocol. Their protocol was derived from that of Rivers et
al,1 with minor differences; a lactate level was not required and the
resuscitation was transferred to ICU physicians as soon as an ICU
bed became available (rather than after six hours).

Eligible subjects were > 17 years old, met usual criteria for sepsis,
and had persistent hypotension after fluid resuscitation (20 mL/kg
isotonic fluid bolus) or lactate ≥ 4.0 mM with anticipated need for
ICU stay. The pre-implementation phase was 13 months, and patient
resuscitation and care were as per the discretion of the emergency
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medicine physician. The post-implementation phase was
24 months. Puskarich et al gathered data on usual demo-
graphics, severity of illness, ICU and hospital lengths of
stay, and use of specific sepsis therapies such as activat-
ed protein C. At ≥ 15 months after enrollment, searches
of a large, regional medical record database and Social
Security death index were performed; if the patient’s sta-
tus was still unknown after these searches, the patient was
assumed to be alive. 

The study enrolled 293 patients; eight were eliminated
post-hoc, as they died within six hours of enrollment,
leaving 79 subjects in the pre-implementation and 206
subjects in the post-implementation group. The two
groups were well matched, except for more end-stage
renal disease in the pre-implementation group and slightly
greater severity of illness and lower initial blood pressures
in the post-implementation group. More subjects in the
post-implementation group received corticosteroids for
sepsis. In terms of outcomes, post-implementation
patients had longer ICU lengths of stay and trended
toward longer hospital stays, received more intravenous
fluids and vasopressors, and were more likely to be intu-
bated. One-year mortality was significantly less at 37% in
the post-implementation group, compared to 49% in the
pre-implementation group, which translates to an estimated
number needed to treat of eight. 

■ COMMENTARY
In 2001, Rivers et al published a landmark study of the

early management of patients with severe sepsis or septic
shock.1 They randomized 263 patients presenting to their
ED with severe sepsis or septic shock to standard therapy

or six hours of a fairly simple but aggressive protocol tar-
geting a specific central venous pressure, mean arterial
pressure, and central venous oxygen saturation. They
found that their early goal-directed therapy reduced organ
dysfunction and severity of illness; most significantly,
hospital mortality was 30.5% in the treatment group, com-
pared to 46.5% in the control group. 

This intervention is now recommended as standard of
care for sepsis.2 Implementation, however, has lagged.3

The study by Puskarich et al is an interesting addition
to the literature. The overall hospital mortality from
severe sepsis and septic shock in this study is less than
that observed by Rivers et al (27% in the pre-implemen-
tation group and 17% in the post-implementation group),
although the relative reduction with EGDT is similar and
this adds support to the efficacy of that intervention. The
etiology of the difference is unknown but changes in
overall ED and hospital care over time (timing and appro-
priateness of initial antibiotics, for instance) and differ-
ences in patient populations may be important contribut-
ing factors. 

Puskarich et al’s hypothesis that EGDT may improve
long-term outcomes is intriguing, but it is difficult to asso-
ciate intervention in the first few hours of a medically com-
plicated septic patient’s care with outcome at one year; a
very robust analysis would be needed to truly support this
association. They use multivariate regression models (it is
unclear whether their variables were defined a priori) to
attempt to adjust for some factors that could account for
long-term mortality differences. However, the non-con-
temporaneous (and, thus, unmatched and non-random-
ized) small patient populations in this study and the very
limited information about patient characteristics, their care,
and course beyond the initial few hours of hospitalization
are significant limiting factors. Thus, I believe the question
of whether EGDT directly impacts long-term outcomes
such as one-year mortality remains unanswered.

Perhaps, most importantly, this study serves as an excel-
lent example of the feasibility of implementing EGDT pro-
tocols in any ED and will, hopefully, lead hospitals with-
out such protocols in place to reconsider EGDT.  ■
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To Prone or not to Prone …
That Is the Question
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Synopsis: This multicenter, unblinded, randomized
trial demonstrated that prone positioning was not 
associated with a mortality benefit in patients with
ARDS, including subgroups with moderate and 
severe hypoxemia. 

Source: Taccone P, et al. Prone positioning in patients with
moderate and severe acute respiratory distress syndrome: A
randomized controlled trial. JAMA. 2009;302:1977-1984. 

PRONE POSITIONING HAS BEEN ADVOCATED AS A MANage-
ment strategy for patients with acute respiratory dis-

tress syndrome (ARDS), but despite evidence of
improved oxygenation with the technique, numerous
studies have yet to establish a mortality benefit from the
practice. Post-hoc analysis of data from an earlier trial did
suggest, however, that a mortality benefit might be present
in patients with the most severe hypoxemia.1 Taccone et al
sought to test this finding in a prospective manner by
applying prone positioning to ARDS patients with moder-
ate and severe hypoxemia and evaluating whether the
practice led to improvement in survival for these patients.

To test their hypothesis, Taccone et al conducted a mul-
ticenter, unblinded, randomized controlled trial in 23 cen-
ters in two countries. Eligible patients included those 17
years and older, receiving mechanical ventilation and
meeting accepted diagnostic criteria for ARDS. Patients
were excluded from the study if more than 72 hours had
elapsed since the diagnosis of ARDS, or if they had a his-
tory of solid-organ or bone-marrow transplantation or had
any condition precluding prone positioning (e.g., intracra-
nial hypertension, spine or pelvic fractures). Included

patients were randomly assigned to the control (supine
positioning) or intervention (prone positioning using a
Rotoprone rotational bed for > 20 hours per day until res-
olution of acute respiratory failure or the end of the 28-day
study period) group, and were stratified into two groups
based on the severity of their hypoxemia at the time of
enrollment: moderate hypoxemia (PaO

2
/F

I
O

2
ratio, 100-

200 mm Hg) and severe hypoxemia (PaO
2
/F

I
O

2
ratio <

100 mm Hg). Patients in both groups were ventilated
using a standard protocol requiring tidal volume ≤ 8
mL/kg, plateau pressure ≤ 30 cm H

2
O, and standardized

adjustments in positive end-expiratory pressure (PEEP)
and F

I
O

2
to maintain PaO

2
at 70-90 mm Hg. All other ther-

apeutic decisions (e.g., antibiotics, sedation) were at the
discretion of the treating physician. The primary outcome
measure was 28-day mortality, while secondary outcome
measures included mortality at ICU discharge and six
months, Sequential Organ Failure Assessment (SOFA)
scores at 28 days, and ventilator-free days during the 28-
day study period.

A total of 342 patients were included in the final
analysis (168 prone, 174 supine). Of these patients, 192
were classified as having “moderate” hypoxemia (94
prone, 98 supine), while the remaining 150 had severe
hypoxemia (74 prone, 76 supine). Patients in the inter-
vention group were prone a mean of 8.4 ± 6.3 sessions
lasting on average 18 ± 4 hours per day. Twenty percent
of patients in the prone group missed at least one pron-
ing session due to factors such as hemodynamic instabil-
ity, facial edema, or malfunction of continuous renal
replacement therapy. Twenty patients in the supine
group (11.5%) received prone positioning as a rescue
procedure. Across the entire study population, the
PaO

2
/F

I
O

2
ratio was higher in the prone group compared

to the supine group. Mortality at 28 days was the same
in the prone and supine groups (31% vs. 32.8%) and
there were also no statistically significant differences in
mortality between patients with moderate (prone, 25.5%
vs. supine, 22.5%) or severe hypoxemia (prone, 37.8%
vs. supine, 46.1%). 

There were no differences in secondary outcomes
between the prone and supine groups across the entire
study population or within the predefined subgroups.
The complication rate was significantly higher in the
prone group (95% with at least one complication com-
pared to 76% in the supine group), with the prone
patients having a higher incidence of need for increased
sedation or paralysis (80% vs. 56%), airway obstruction
(51% vs. 34%), vomiting (29% vs. 13%), loss of venous
access (16% vs. 4%), hypotension or need for pressors
(72% vs. 55%), and endotracheal tube displacement
(11% vs. 5%).
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■ COMMENTARY
This paper is yet another entry in a line of studies that

shows the same pattern of results with regard to the
effect of prone positioning in patients with ARDS —
improvements in oxygenation that do not translate to
improvements in important patient outcomes. By look-
ing specifically at patients with severe hypoxemia
(PaO

2
/F

I
O

2
< 100 mm Hg), the study by Taccone et al

was supposed to address an important limitation of pre-
vious studies — their inclusion of patients with a wide
range of abnormalities in oxygenation — that was pur-
ported by proning proponents to be masking a survival
benefit that would otherwise be seen in the more severely
ill patients. As we see now, however, even within the
most severely ill ARDS patients, proning has no impact
on survival. 

In addition to the persistent inability to demonstrate a
mortality benefit, there are other data in this paper that
should give pause to those considering the utility of this
technique. In particular, even though they used a specialty
proning bed rather than manual proning techniques,
there was a high complication rate in the prone patients,
with more than 94% of them experiencing at least one
complication such as endotracheal tube dislodgement,
loss of venous access, airway obstruction, hypotension,
and need for increased sedation and paralysis. This sur-
prisingly high complication rate forces one to step back
and wonder whether the use of proning not only doesn’t
provide benefit to our patients, but may also put them at
risk for more harm. 

Will the results of this study change practice and
decrease the use of this expensive modality? That is prob-
ably unlikely to happen. Like a lot of the therapies used
in the management of patients with critical hypoxemia,
including inhaled vasodilators, extracorporeal membrane
oxygenation (ECMO), and alternative modes of mechan-
ical ventilation, this therapy has its proponents, as well as
those whose assessment of its utility is affected by anec-
dotal experiences of patient improvement. It is hard to
look at the single patient at the bedside who is experienc-
ing severe, life-threatening hypoxemia and not use a tech-
nique that “worked” in a previous patient. At some point,
however, the preponderance of the evidence has to win
out, and we need to step back and consider whether this
therapy is really safe and beneficial.  ■
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Synopsis: Patients who adhered to prescribed anti-
hypertensive medication experienced a significantly
decreased risk of acute cardiovascular events, yet 
only 6 months after diagnosis, only 8.1% of patients
were classified as having high adherence, 40.5%
demonstrated intermediate adherence, and 51.4%
demonstrated low adherence to prescribed 
medication regimens.

Source: Mazzaglia G, et al. Adherence to antihypertensive
medications and cardiovascular morbidity among newly
diagnosed hypertensive patients. Circulation 2009;120:
1598-1605.

HYPERTENSION (HBP) HAS BEEN DEMONSTRATED TO BE

one of the most preventable causes of cardiovascular
disease morbidity and mortality.1 Besides decreases in the
incidence of stroke (by 34%) and ischemic heart disease
(by 21%), multiple clinical trials have clearly reported that
an appropriate reduction in HBP is also associated with
significant decreases in the incidence of congestive heart
failure and renal failure irrespective of age, gender, race or
ethnicity, type of antihypertensive used, or severity of
hypertension.2-4

Despite these compelling data, the National Health and
Nutrition Examination Survey recently reported that
roughly 40% of hypertensive individuals were untreated
and 65% did not have their HBP controlled (to a blood
pressure level < 140/90 mm Hg).5 One of the main reasons
for these poor long-term results is the overall lack of
patient compliance and persistence with drug therapy.
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Antihypertensive drug therapy discontinuation rates range
from 5%-10% per year and have been reported to climb to
50%-60% of patients within six months after initiation of
therapy.6,7

Mazzaglia et al explored predictors of adherence to
antihypertensive treatment and the association of adher-
ence with acute cardiovascular events. They selected
18,806 newly diagnosed and treated hypertensive
patients older than age 35 years who were initially free of
cardiovascular diseases. They evaluated the risk of devel-
oping acute cardiovascular events in patients who had
high adherence (proportion of days covered ≥ 80%),
intermediate adherence (proportion of days covered =
40%-79%), and low adherence (proportion of days cov-
ered ≤ 40%) to prescribed medication. Six months after
the diagnosis of HBP and initiation of drug therapy, only
8.1% demonstrated high adherence, 40.5% were classi-
fied as intermediate adherence, and 51.4% of patients
were at the low adherence level. Only high adherence to
antihypertensive medication therapy was associated with
a relevant decrease in acute cardiovascular events.

■ COMMENTARY
Increasing numbers of obese and/or aging patients are

among the several important factors responsible for the
increasing rate of HBP, which is now resulting in more
office visits annually to primary care physicians than
occurs with any other medical condition.8 Unfortunately,
medical care for HBP in the United States is inadequate,
often because of a failure by physicians to follow guide-
lines, but especially because of poor patient compliance
with drug therapy, which is due to many factors. 

For example, it must be recognized that health literacy
(i.e., the degree to which individuals have the capacity to
obtain, process, and understand basic health information
and health services needed to make appropriate health
decisions) in general is extremely poor in that only 36%
of U.S. adults possess basic or above basic health litera-
cy skills9 and, among the elderly, more than 50% of
patients age 80-84 years and more than 70% of patients
age 85 years and older have marginal or limited health lit-
eracy.10 Health literacy in the United States is so poor that
only 13% of patients understand the meaning of “termi-
nal,” only 35% understand “orally,” only 18% understand
“malignant,” only 52% understand “take every six
hours,” 68% are unable to understand blood sugar values,
fully 27% are unable to understand fourth-grade level
instructions such as “take medicines on an empty stom-
ach,” and up to 100% of subjects did not understand a
statement concerned with patient Medicaid rights written
at a 10th-grade level.8 Adherence to a prescribed antihy-
pertensive medication regimen is complicated by the fact

that most patients with HBP require three or more med-
ications to reach appropriate blood pressure goals.

Most medical caregivers and many physicians often do
not have the education, training, skill, and (especially) the
time to communicate with and, therefore, to properly edu-
cate patients on the importance of properly taking medica-
tions. This universal failing is not just with antihyperten-
sive medication, but also with almost all drugs that are
taken chronically and is equally true of medications used
for control of abnormal serum lipids. Numerous attempts
at improving drug therapy compliance have been made,
including developing motivational communications,
lifestyle and disease educational brochures, telephone and
device reminders, dosage modification techniques, and
medication diaries, but the results with these multiple
approaches have been only marginally successful. More
recently, patients have been enrolled in very expensive and
elaborate programs through which they receive regular
communications, educational data, and refill letters, and
various incentive programs have also been used to reward
patients for adhering to their medication regimens — all
of these techniques have been, at best, only minimally
successful.

Newer, quite creative education and behavior modifica-
tion systems have been created and are being used in early
demonstration projects. Hopefully, these efforts at behav-
ior modification will change the perceptions and attitudes
of patients to the degree that they will actually feel uncom-
fortable if their medications are unavailable to them or if,
by mistake, they forget to take their prescribed drugs.
Mazzaglia and his associates have again demonstrated the
medical importance of adequate antihypertensive therapy
and have highlighted advanced methods for improving
patient compliance and persistence, which may soon be
available to help patients achieve appropriate blood pres-
sure goals.  ■
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The diagnosis of C. difficile-related disease (cdd) in
children is controversial, as recently reviewed.1 Do

children < 1-year-old actually develop diarrhea due to C.
difficile? What should be the patient age cutoff below
which laboratories should reject any stools for C. difficile

testing? How will the new state-of-the-art molecular tests
influence the interpretation of results in children?

The situation for rejecting stools for C. difficile testing
from children < 2-years-old is similar to the reasoning used
by microbiologists to reject sputum containing too many
squamous epithelial cells (originating from upper airway
secretions) for culture. Even if a potential pathogen is
recovered in culture from a sputum containing > 10 squa-
mous epithelial cells per low power field, as enumerated on
Gram stain, the involvement of that pathogen in lower lung
disease cannot be unequivocally determined. The isolate
could be colonizing the upper airway without contributing
to the patient’s pneumonia at all. The laboratory cannot
come to any conclusion; therefore, to avoid inappropriate
interpretations, it chooses not to perform the test.2 This
rejection criterion is actually a requirement for laboratory
accreditation by the College of American Pathologists.
Diagnosis of C. difficile disease in young children is equal-
ly difficult because of the large number of asymptomatic
infants that carry toxin-producing and non-toxin-produc-
ing strains in their feces.3,4 The commercial molecular tests
(today’s best tests, as reviewed in September, 2008
Infectious Disease Alert) all have an FDA-required, two-
year age limitation below which test results have not been
validated, as stated in their product inserts (Prodesse,
Milwaukee, WI; BD, Franklin Lakes, NJ; Cepheid,
Sunnyvale, CA). In the future, perhaps the age cutoff for
accepting stool for testing should be lowered to one year
for reasons outlined below.

Epidemiological studies report incidences of asympto-
matic colonization that varies from 50%-90% immediate-
ly after birth, with an average of 50% during the first year,
falling to around 3%-6% during the second year.1,3-8

Studies looking for the organism in newborns on a daily
basis found colonization rates as high as 52%, tracked to
acquisition from the environment, not from the mothers.3,9

Although not reported in all studies, it seems that acquisi-
tion of C. difficile in newborns was not associated with
gastrointestinal symptoms, but the percentage of strains
producing toxin varies among studies.3,6 Some studies
even showed that children with C. difficile had a lower
incidence of diarrhea than non-colonized controls.7

However, colonized children can serve as a source of dis-
ease in others.10,11 Reading these numerous studies linking
colonization to the environment in the hospital suggests to
me that effective disinfection (using bleach or more
aggressive techniques) and assiduous infection control
practices for newborn nurseries and NICUs might signifi-
cantly decrease colonization rates in infants and, perhaps,
lower disease rates in associated adults. Could at least
some of our growing epidemic of CDD be traced to an
uncontained reservoir in our pediatric facilities?
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Why some infants carrying fecal toxigenic C. difficile do
not become ill is still a mystery, but a pattern is emerging.
Hospital discharge records from 22 children’s hospitals in
the United States were surveyed to determine the incidence
of C. difficile-associated disease reported on children age 1-
18.12 A rise from 2.6 to 4.0 cases per 1,000 admissions was
seen from 2001 to 2006, even when numbers of test
requests were evaluated. This study, as well as others to be
reviewed, noted that 67% of the CDD seen in children was
associated with chronic underlying conditions.

Children < 1 year of age, and particularly those with
complicating gastrointestinal conditions, clearly can
develop CDD. C. difficile-associated gastroenteritis in
patients with Hirschsprung’s disease, inflammatory bowel
disease, and necrotizing enterocolitis has been studied.13,14

Back in 1986, workers showed that C. difficile could be
found in stool cultures from Hirschsprung’s syndromic
children < 3-years-old with colitis (77%) significantly
more often than in normal children with or without diar-
rhea.15 A group in Canada surveyed 200 children > 1-year-
old with C. difficile-associated diarrhea over a three-year
period, basing their diagnosis on cell-culture cytotoxicity.
They found a high proportion of the patients had Crohn’s
disease, chemotherapy treatment, immunotherapy and/or
antibiotics post-transplantation, or immunodeficiency.16 In
total, 74.5% of the patients had received antibiotics and
55% had healthcare exposure in the preceding month,
although these risks are not universally observed.

Pascarella et al studied C. difficile in association with
pediatric inflammatory bowel disease (IBD), including
Crohn’s disease, ulcerative colitis, and colitis of indetermi-
nate cause, as determined by radiology, histopathology,
endoscopy, and clinical criteria.17 C. difficile toxin was
detected by a lateral flow enzyme immunoassay for toxins
A and B in 24.7% of the 81 patients with IBD and only
8.9% of the 112 without IBD. Unlike other studies, associ-
ation of C. difficile colonization and pre-existing risk fac-
tors (antibiotic exposure, immunosuppression, chemother-
apeutic agents, proton-pump inhibitors) was not seen. Of
course, given the relative insensitivity of toxin assays, the
prevalence of toxigenic C. difficile in both populations is
likely to have been underestimated.18

The incidence of CDD in children without confounding
comorbidities has been low, but outbreaks in daycare cen-
ters, for example, have been identified.11 A study from
Taiwan suggests that serious complications of CDD in chil-
dren (average age 26 months) is also rare. Over the course
of a year, 20 children developed toxic megacolon at their
institution.19 Pathogens were isolated from the stools of 13
patients, 12 Salmonella and only one C. difficile. Along
with the rise of 027/NAP1/BI strain in the U.S. and Europe,
however, infections in children may also be increasing.8 The

regular risk factors, including treatment with antibiotics and
healthcare exposure, are not as common as would be
expected.20

Although the results of some epidemiological studies in
children appear compelling on the surface, they are usual-
ly marred by failure to explore potential other causes of
diarrhea, including rotavirus, in the majority of cases.
However, a group from the United Kingdom did use elec-
tron microscopy to detect viruses, along with routine tests
for bacteria and parasites, to examine stools from children
< 2-years-old admitted to the hospital for gastrointestinal
symptoms.21 In addition, 390 infants and 118 controls were
tested for C. difficile by both culture and cell culture cyto-
toxicity neutralization assay. Half of the children with gas-
troenteritis and one-third of the controls carried C. difficile
in their feces. Only 19 (4.9%) of the children with gas-
troenteritis and 2.5% of the controls from whom C. difficile
was isolated also had cytotoxin detected. Thirteen of these
19 patients had another fecal pathogen, usually an enteric
virus, detected along with C. difficile. The control group
was actually more likely to have received recent antibiotic
treatment. Ellis and others concluded that C. difficile was a
pathogen in their children with gastroenteritis; however
their data alone, particularly regarding the role of the co-
pathogens, do not support such a definitive conclusion.
Other reports may provide support for their conclusion,
however. Workers from Finland reported on the association
of CDD and viral gastroenteritis, suggesting that virus
infection may exacerbate the effects of toxin.22 New epi-
demiologic studies of C. difficile utilizing the best molecu-
lar tests, complete studies for other stool pathogens (such
as a microarray platform), and thorough clinical evalua-
tions will be needed to fully determine the role of C. diffi-
cile in gastroenteritis of children and infants. 

In summary, C. difficile is clearly extending its patho-
genic reach into lower age groups. The organism is more
likely to be a pathogen in children with comorbidities, with
Hirschsprung’s disease demonstrating the most convincing
association. Laboratories may wish to validate their tests
and then lower the age to one year below which samples
should be rejected, and microbiologists should continue to
insist that specimens not be tested if they are not clearly
diarrhea (take the shape of the container, more than three
loose stools per day) unless the diagnosis of toxic mega-
colon is suggested.   ■
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CME Questions
16. In the retrospective cohort study of emergency room patients

with acute respiratory failure requiring intubation by Cline et
al, delaying admission to the ICU by more than two hours was
associated with which of the following outcomes?
a. Increased hospital mortality.
b. Increased patient and family satisfaction.
c. Increased duration of mechanical ventilation.
d. All of the above.

17. According to the study by Mazzaglia et al of newly diagnosed
and treated patients with hypertension, which of the following
statements is true?
a. Only 8% of patients demonstrated high adherence after

six months of therapy
b. Approximately half of patients demonstrated low

adherence after six months of therapy
c. Only high adherence was associated with a relevant

decrease in acute cardiovascular events
d. All of the above

18. In the "pre-post" trial described by Puskarich et al comparing
two two approaches to caring for people with severe sepsis in
the emergency department, early goal directed therapy (the
post-implementation phase) led to all of the following except:
a. the incidence of intestinal colonization with Clostridium

difficile increases throughout the first year of life.
b. underlying gastrointestinal disease, particularly inflam-

matory bowel disease and Hirschprung’s disease,
increases the risk of diarrhea due to Clostridium diffi-
cile in children < 1 year of age.

c. the incidence of colonization with Clostridium difficile
is < 1% in the first months of life.

d. despite the frequent presence of Clostridium difficile in
stool of children < 1 year of age, it never causes diarrhea.

CME Objectives
Upon completion of this educational activity, partici-

pants 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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Answers:16. (c); 17. (a); 18.(b)


