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SYNOPSIS: A large, multicenter clinical trial that compared protocol-based care to usual care for patients presenting to emergency 
departments with early sepsis and septic shock found no differences in clinical outcomes. However, early recognition and therapy was 
beneficial and should be the standard of care.

SOURCE: The ProCESS Investigators. A randomized trial of protocol-based care for early septic shock. N Engl J Med 
2014;370(18):1683-93.

Despite recent improvement, the short-term 
mortality in patients presenting to emergency 

departments with early sepsis and septic shock 
remains unacceptably high, i.e. approximately 
20% in the USA. Researchers have tried a variety 
of interventions to improve outcomes in sepsis and 

septic shock, one of which is early goal-directed 
therapy (EGDT). First described in 2001, this 
paradigm involves a set protocol by which central 
venous catheterization is used to guide volume 
resuscitation and vasopressor titration.1 Because of 
changes that have occurred in management of septic 
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shock such as the less frequent use of 
central catheters (due to data showing no 
improvement in outcomes), the ProCESS 
investigators sought to determine whether 
protocol-based resuscitation was better 
than usual care and whether protocol-
based resuscitation with central catheter 
monitoring was superior to a simpler 
protocol that did not include central 
catheter monitoring.

The study was a multicenter, 
randomized clinical trial conducted at 
31 hospitals in the United States between 
March 2008 and May 2013. Subjects were 
those who presented to an emergency 
department at a participating site with 
a suspected diagnosis of sepsis, were at 
least 18 years of age, had two or more 
criteria for systemic inflammatory response 
syndrome (SIRS), and had refractory 
hypotension or a serum lactate ≥ 4 mmol 
per liter. Overall, 1,341 patients were 
enrolled and assigned in a 1:1:1 ratio 
to the following groups: protocol-based 
EGDT wherein a central venous catheter 
was used to monitor pressure and fluids 
(439 patients); protocol-based standard 
therapy that used a team approach with 
a set of 6-hour resuscitation instructions 
(446 patients); and usual care in which 
bedside physicians directed all medical 
therapy (456 patients). The primary 
outcome of the study was the rate of in-
hospital death from any cause at 60 days. 
Secondary outcomes included mortality 
at 90 days and 1 year, duration of the 
need for vasopressors, duration of acute 
respiratory failure (defined as time spent 
on a ventilator), duration of acute renal 
failure (defined as the duration of dialysis), 
duration of stay in the intensive care unit 
and hospital, and disposition at hospital 
discharge.

The use of IV fluids, vasopressors, 
dobutamine and blood transfusions 
between 6 and 72 hours did not differ 
significantly between the groups. By 6 
hours the target mean arterial pressure of 
65 mm Hg or greater had been achieved 
in more patients in the two protocol-based 
groups compared to the usual care group 
(P = 0.02). The 60-day in-hospital death 
rate did not differ significantly between any 
of the three groups (P values between 0.31 
and 0.89) and there were no significant 
differences in 90-day mortality or time 
to death up to 90 days and 1 year. The 

incidence of acute renal failure was higher 
in the protocol-based standard therapy 
group compared to the other two (6.0% in 
the protocol-based standard therapy group 
vs. 3.1% in the EGDT group vs. 2.8% 
in the usual-care group, P = 0.04). There 
were no significant differences between 
the groups in the length of stay in the ICU, 
incidence and duration of cardiovascular 
or respiratory failure, length of hospital 
stay or discharge disposition. Even when 
the investigators restricted the analysis to 
the sickest third of the patients (those with 
the highest APACHE II scores and serum 
lactate), no benefit was seen in the two 
protocol-based groups.

Finally, serious adverse events were 
rare during the study and did not differ 
between the treatment groups.

n COMMENTARY
No improvement in outcomes, including 

mortality and length of stay in the ICU 
and hospital, was seen in patients who 
received protocol-based care. However, 
there are some aspects of the study that 
limit the generalizability of its findings to 
other settings. The patients were enrolled 
as soon as they were recognized to be in 
septic shock, so the observed benefits might 
not be as significant when septic shock is 
recognized later. Also, the care patients 
received before randomization may have 
had an impact on their subsequent clinical 
course. Finally, decisions to withdraw care 
in patients on life support are variable 
and their impact on in-hospital mortality 
during the study is unclear.

There are several interesting 
findings from the trial that can impact 
clinical practice. The rate of antibiotic 
administration in the first 6 hours after 
randomization was 97%, an exceptionally 
high and impressive figure. Data from 
multiple studies strongly supports the 
dictum that early recognition and antibiotic 
treatment are the keys to surviving 
sepsis. Patients in the two protocol-based 
treatment groups overall received more 
intravenous fluids, vasoactive agents and 
blood transfusions yet these interventions 
did not lead to improved outcomes. When 
analyzing these results, it is important to 
remember that all 3 of the study groups 
were treated according to the Surviving 
Sepsis Campaign guidelines2 including early 
recognition of sepsis and septic shock, early 
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antimicrobial treatment and conservative transfusion 
thresholds as well as moderate glycemic control, low 
tidal-volume ventilation and serial monitoring of serum 
lactate levels. Indeed, this latter intervention has been 
shown to be equivalent to the use of invasive central 
catheters for monitoring physiological parameters. 
Thus, this study provides clinicians with strong 
evidence that central hemodynamic monitoring should 
not be a priority in the management of septic shock. 
Instead, the focus should be on early recognition via 
serum lactate, prompt antibiotic administration and 

volume resuscitation with care taken to ascertain the 
adequacy of circulation. The ProCESS trial is likely to 
become an important milestone for the evidence-based 
management of septic shock.
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SYNOPSIS: Compared to manual surveillance methods, an electronic surveillance tool for catheter-associated urinary tract infections had a 
high negative predictive value but a low positive predictive value.

SOURCE: Wald HL, et al. Accuracy of electronic surveillance of catheter-associated urinary tract infection at an Academic Medical Center. 
Infect Control Hosp Epidemiol 2014;35:685-91.

A group from the University Of Colorado School of 
Medicine constructed this study to determine if 

electronic surveillance for catheter-associated urinary 
tract infections (CAUTIs) was as good or better than 
standard surveillance. They identified 1695 patients 
from 2009 and 2010 that met inclusion criteria and that 
were used for this analysis. They developed an algorithm 
designed to try to detect UTI from the electronic health 
record and other sources of administrative data for 
these 1695 patients. The patients were included if they 
had a “high clinical suspicion” of having a CAUTI. The 
425-bed hospital was in a urban setting. Patients were 
adults 18 years of age or older. Manual surveillance was 
the comparator arm. The average age was 57 years, and 
there was a male to female split of 49% to 42% with 
the remainder unknown. Of the 1695 patients included 
in this analysis, the electronic algorithm identified 64 
cases thought to likely be CAUTI (15 were actually 
true positive urinary tract infections); in contrast, only 
19 were identified through manual surveillance to have 
CAUTI. Electronic surveillance had a high negative 
predictive value (NPV) but a low positive predictive 

value (PPV = 23%). There was a 97% agreement 
between the electronic algorithm and the manual 
method. On the basis of these predictive values, the 
authors felt that electronic surveillance would be a 
good screening tool. The authors suggest that the test 
characteristics of the electronic algorithm could be 
improved in order to improve data pulls.

n COMMENTARY
The best thing to say about this study is that, while 

creative, electronic surveillance could be used in its 
present form primarily for screening to eliminate 
negative cases, i.e., its high NPV. This conclusion is 
somewhat disappointing, but electronic surveillance 
is in its infancy so that the test characteristics when 
improved may raise the PPV and the tool could be a 
stand along. 

In the meantime, manual surveillance has a 
wisdom that electronic surveillance cannot approach 
in documenting true infections. That does not mean 
that we should not try to continue to use innovative 
software to help us in this era of mega-data. This 
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article used a Structured Query Language code in 
Microsoft Access to apply an algorithm that ends 
in either a CAUTI or an asymptomatic catheter-
associated infection. To result in a CAUTI, the patient 
needs to have symptoms, and that is the challenging 
rub for the software to figure out. If there are no 
symptoms, but a positive blood culture, the diagnosis 
is considered at least a level of CAUTI. If there are no 
symptoms and the blood culture is negative, the urine 
culture positive for less than 2 organisms at a count of 

100,000/cc, then there is not a CAUTI, but a CAASB, 
a catheter-associated asymptomatic bacteriuriaa. While 
all this process through the algorithm sounds complex 
— and it is — the use to Infection Control will be a 
final software that should be easy to apply. 

Keep eyes peeled for use of algorithms in software 
that detects common hospital-acquired infections. For 
the time being, let us hope this electronic detection 
of CAUTI can be refined and demonstrate more 
sensitivity.  n

ABSTRACT & COMMENTARY
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SYNOPSIS: Patients on mechanical ventilation who were managed with both conservative fluid administration and aggressive diuresis 
weaned faster, had significantly more ventilator-free days, and experienced reduced incidences of both ventilator-associated complications 
and ventilator-associated pneumonia.

SOURCE: Mekontso Dessap A, et al. Ventilator-associated pneumonia during weaning from mechanical ventilation: Role of fluid 
management. Chest 2014; Mar 20. doi: 10.1378/chest.13-2564. [Epub ahead of print.]  

This article reports a secondary analysis of 
patients enrolled into a multicenter, randomized, 

controlled trial that examined the impact of B-type 
natriuretic peptide (BNP)-directed fluid management 
(“fluid-depletion strategy”) vs. “usual care.”1 The 
relationship between fluid balance and the incidence 
of ventilator-associated pneumonia (VAP) over 
the first 14 study days was analyzed in patients 
who met weaning-readiness criteria. Weaning was 
standardized using an automated pressure-support 
titration algorithm. When daily BNP values were 
≥ 200 pg/mL, patients in the fluid-depletion arm 
had fluid restriction (baseline infusion ≤ 0.5 L/day; 
parental nutrition ≤ 1 L/day) along with aggressive 
diuresis (furoseminde: 10-30 mg boluses, Q-3h), 
targeting a urine output of 4.5-9 mL/kg over 3 hours. 
In the usual care group, clinicians were blinded to 
the BNP results, and both fluids and diuretics were 
administered per clinician practice. VAP diagnosis 
was standardized and required positive quantitative 
cultures from distal pulmonary sampling.

The 304 medical-surgical patients studied (152 in 

each group) were not different in terms of baseline 
characteristics and risk factors for VAP, and they 
had been receiving mechanical ventilation (MV) for 
approximately 4-5 days at randomization. There 
was a significantly lower incidence of VAP in the 
BNP-managed group (8.6%) vs. the usual care group 
(17.8%, P = 0.03). This also coincided with a more 
negative daily fluid balance, faster weaning time, and 
more ventilator-free days.

n COMMENTARY
Both the parent trial1 and the seminal NIH 

FACTT study2 have validated the emerging concept 
that “keeping the lungs dry” during critical illness 
improves outcomes, in part by reducing the need 
for MV. The current study augments these findings 
by showing that reducing the need for MV provides 
an additional benefit of decreasing the incidence of 
VAP. Patients in the BNP group were successfully 
weaned approximately 1 day earlier (27 hours) than 
those in the usual care group, and on average were 
successfully extubated < 48 hours of enrollment 
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into the trial. The most obvious explanation is that 
the lower incidence of VAP stems from reduced risk 
exposure related to the presence of the endotracheal 
tube. 

Because the duration of MV is a risk for VAP (and 
VAP increases the duration of MV), the investigators 
used a competing risk model to analyze the effects 
of the fluid-depletion strategy while controlling 
for weaning outcome. They found that the fluid-
depletion strategy itself significantly reduced the risk 
of both ventilator-associated complications and VAP 
(sub-hazard ratios of 0.44 (P = 0.02) and 0.50 (P = 
0.03), respectively). These findings lead the authors 
to speculate that pulmonary edema may increase 
the risk for developing VAP by two mechanisms: 
1) the long-recognized impairment of pulmonary 
host-defense mechanisms, and 2) an interesting 
hypothesis of enhanced growth and virulence 
of Pseudomonadaceae because these bacteria 
characteristically thrive in wet conditions. In this 
study, Pseudomonadaceae accounted for 44% of all 
positive bronchoalveolar lavage fluid cultures. The 
independent effect of pulmonary edema on VAP is an 
enticing explanation as some of the highest at-risk 
patients are those suffering from acute respiratory 
distress syndrome, traumatic injuries, and massive 
burns, conditions commonly associated with large 
fluid requirements and pulmonary edema formation. 

This study underscores the beneficial effects 
of fluid restriction and aggressive diuresis in 

critically ill patients once they have achieved 
hemodynamic stability. Despite the growing body 
of evidence supporting this approach, it has not 
been enthusiastically embraced, particularly in 
the management of trauma patients. Unarguably, 
persistent hypotension caused by sustained capillary 
leak is a daunting problem. But overzealous 
crystalloid therapy also has been a well-recognized 
problem for more than 70 years, and one that 
“every generation of surgeons must discover for 
themselves.”3 However, with mandatory public 
reporting of ventilator-associated complications 
looming in the near future, complacency toward 
managing “correctable” risk factors leading to 
avoidable patient complications will not be tolerated 
by society. The cumulative evidence clearly suggests 
that much more can be done to improve this aspect 
of patient care.  n
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SYNOPSIS: In this large prospective study of trauma patients, the most important factor associated with post-traumatic seizures was the 
presence of alcohol intoxication. 

SOURCE: Vaaramo K, et al. Predictors of new-onset seizures: A 10-year follow-up of head trauma subjects with and without traumatic 
brain injury. J Neurol Neurosurg Psychiatry 2014;85:598-602.

Recent reports indicate that both civilian and 
military cases of traumatic brain injury (TBI) 

are on the rise. An estimated 1.5-2.5 million civilian 
TBI cases occur per year in the United States. Mild 
TBI has also been recognized as the “signature 
injury” of America’s global war on terrorism in Iraq 

and Afghanistan. Seizures are a long-recognized 
sequela of head injury, especially when complicated 
by moderate-to-severe TBI. While seizures occur 
soon after head trauma in immediate and early 
post-traumatic epilepsy (PTE), epilepsy can be a 
delayed consequence with seizures occurring as far 
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Source: Cruden NL, et al. Delay in filling first clopidogrel prescription after coronary stenting is associated with an increased risk of death 
and myocardial infarction. J Am Heart Assoc 2014;3:e000669. 

out as 5-20 years. Penetrating head trauma, brain 
contusion, subdural hematoma, epidural hematoma, 
intracranial hemorrhage, and depressed skull fracture 
all increase the risk of PTE. Other predictors include 
age 65 years or older, Glasgow Coma Scale (GCS) of 
3-8, loss of consciousness (LOC) > 30 minutes, and 
post-traumatic amnesia (PTA) lasting more than 24 
hours.

The authors investigated risk factors for new-
onset seizures in a cohort of 739 trauma patients. 
There were 362 trauma patients without TBI (GCS 
score of 15, no LOC, no PTA); 297 with mild TBI 
(GCS scores from 13-15, LOC < 30 minutes or PTA 
< 1 hour, no traumatic intracranial findings on CT/
MRI); and 80 with moderate-to-severe TBI (GCS < 
13, evidence of traumatic injury on CT/MRI). Those 
with a prior history of seizures, dementia, stroke, 
and other neurological disease were excluded. Out 
of 42 patients who developed new-onset seizure(s), 
alcohol-related seizures occurred in 19 (45.2%), 
most commonly among those with no TBI. Seventeen 
of these 19 patients (89.5%) with alcohol-related 
new-onset seizures were intoxicated at the time of 
the index trauma. Moderate-to-severe TBI patients 
had higher mortality and were more likely to develop 
PTE. Alcohol-related head injury, moderate-to-severe 
TBI, and preceding psychiatric disease were all found 
to be independent predictors of new-onset seizure.

n COMMENTARY
One of the sequelae of trauma with TBI, in both 

the civilian and military setting, is the emergence of 
seizures and development of PTE, which may occur 
as far out as 5 years following head injury. While the 

severity of head trauma is the main predictor for the 
emergence of PTE, active alcohol and drug abuse at 
the time of the index injury predisposes to new onset 
seizures via a complex and multifaceted interaction. 
Alcohol impairs reaction time, hand-eye coordination, 
judgment, and driving skills, predisposing one 
to trauma and TBI. It further lowers the seizure 
threshold via its effects on glutamate NMDA and 
GABA receptors.1 Chronic alcoholics are prone to 
electrolyte and glucose imbalance and seizures may 
occur both in the setting of binge drinking (rum 
fits) as well as abrupt cessation (alcohol withdrawal 
seizures and delirium tremens). Patients may at times 
present with new onset status epilepticus. All patients 
with head trauma should be screened for alcohol and 
drug abuse and effective intervention strategies should 
be implemented if abuse is identified. These patients 
remain at risk for post-traumatic seizures and should 
be kept under observation. While benzodiazepines 
such as lorazepam are efficacious for primary and 
secondary prevention of recurrent seizures in the 
alcoholic patient, long-term anticonvulsant therapy 
may not be needed in abstinent patients or those with 
mild TBI.2,3  n
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During my final year of interventional cardiology 
training, a woman in her 60s was brought 

emergently to the cath lab in cardiogenic shock, with 
diffuse ST-segment elevations. She had undergone 
PCI of the RCA and LAD coronary arteries just 
over a week earlier at an outside hospital. During 
her catheterization procedure, both stents were 
found to be occluded with clot. After successfully 
treating both vessels and inserting an intra-aortic 
balloon pump, we met with the family to go over her 
condition and review her history. There in the neatly 
organized discharge folder the family had brought in 
from her recent hospitalization was her prescription 
for clopidogrel, unfilled.

We all know that dual antiplatelet therapy after 
coronary stenting is an essential component of 
avoiding stent thrombosis and related downstream 
events. Issues with medication adherence are an 
underappreciated source of poor outcomes. In this 
study, Cruden and colleagues reviewed records 
from all patients receiving coronary stents in British 
Columbia from 2004-2006. Data from cardiac 
revascularization reports, community pharmacy, 
and hospital administrative records were reviewed, 
yielding information on 15,629 patients post-stent, 
with data out to 2 years. Among this group, 3599 
patients had at least one drug-eluting stent (DES) 
placed, while the remaining 12,030 patients received 
only bare-metal stents (BMS). While the median 
elapsed time from hospital discharge to filling of the 
first clopidogrel prescription was 1 day, a substantial 
proportion took considerably longer. In fact, 
approximately 30% of patients in both the DES and 
BMS groups failed to fill their clopidogrel within 3 
days of discharge.

Patients who delayed filling their prescriptions 
by at least 3 days were older, had a higher burden 
of comorbidities, and were more likely to have been 
treated for ST-elevation myocardial infarction (MI) 
compared to those who filled their prescriptions 
without that delay. Using a regression analysis, 
delayed filling of clopidogrel prescriptions by > 3 
days was associated with an increased probability for 
death, repeat admission for MI, and the combined 
endpoint of death and recurrent MI (hazard ratio 
[HR], 2.4; 95% confidence interval [CI], 1.7-3.4; 
HR, 2.0; 95% CI, 1.5-2.7; and HR, 2.0; 95% CI, 

1.6-2.6, respectively, for DES; HR, 2.2; 95% CI, 1.9-
2.6; HR, 1.8; 95% CI, 1.5-2.1; and HR, 2.0; 95% 
CI, 1.8-2.3, respectively, for BMS). As seen from 
these data, the increased risks associated with delay 
in filling clopidogrel prescriptions were similarly 
increased for both BMS and for DES. The effect was 
greatest in the first 30 days after hospital discharge, 
but a delay in filling the clopidogrel prescription 
remained a predictor of death and MI out to 2 years 
of follow-up. The authors concluded that delays 
in filling the first prescription for clopidogrel after 
coronary stenting are common and associated with 
adverse clinical outcomes, regardless of stent type.

n COMMENTARY
Nothing about this study should be particularly 

surprising. It is well-known that stopping dual 
antiplatelet therapy early is an important predictor of 
poor outcomes including stent thrombosis, MI, and 
death. As the risk of stent thrombosis is greatest early 
after stent implantation, when endothelialization is 
least complete, it stands to reason that a failure to 
initiate outpatient treatment in a timely fashion can 
have disastrous results.

Previous work has looked at similar data but 
with smaller sample sets, or with only a single stent 
type. Nevertheless, the overall findings are similar. 
A prior study in the United States found that one in 
six patients had a significant delay in filling post-
discharge clopidogrel prescriptions, but questions 
were raised about the completeness of their pharmacy 
data. In the current study performed in a province-
wide fashion in Canada, nearly one in three patients 
delayed filling their prescriptions. This should put 
us all on alert, and refocus our efforts to do those 
things that have been proven to improve post-
hospitalization medication adherence: namely, good 
discharge planning and patient education, ensuring 
close telephone and clinic follow-up, and addressing 
barriers to obtaining and affording medications. 
Some hospital systems have taken to supplying 
patients with medications at the time of discharge, 
thus bypassing the need to go to the pharmacy 
themselves soon after a hospital admission. More and 
better systems’ approaches to this problem are needed 
or more cardiologists will not place a stent if they are 
concerned that the patient will not be compliant.  n
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• 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. 

More original, peer-reviewed content by and for hospitalists

1. In the randomized controlled 
trial of protocolized versus 
standard care for the early 
management of sepsis, 
published by the ProCESS 
investigators, mortality was 
not different across the study 
groups. However, which of 
the secondary outcomes were 
statistically improved in the 
early goal-directed therapy 
protocol groups?

a. ICU length of stay
b. Duration of shock
c. Incidence of acute kidney 
injury

d. None of the above

2. In the study by Wald and 
colleagues, an electronic 
surveillance tool for catheter-
associated urinary tract 
infections had what degree 
of accuracy compared to a 
manual surveillance method?

a. The electronic surveillance 
tool was never correct.

b. The electronic surveillance 
tool had a high negative 
predictive value but a low 
positive predictive value.

c. The electronic surveillance 
tool had a low negative 
predictive value but a high 
positive predictive value.

d. The electronic surveillance 
tool had both a high negative 
predictive value and a high 
positive predictive value.

3. In the study by Mekontso 
Dessap, et al., a conservative 
fluid strategy had what effect 
on respiratory failure?
a. Higher incidence of acute 
renal failure

b. Longer weaning times
c. Lower incidence of 
ventilator-associate 
pneumonia

d. Prolongation of hospital 
length of stay


