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Introduction (I)
• The patient who presents with or subsequently 

develops severe sepsis or septic shock
Rapid aggressive resuscitation
→ improving outcomes and decreasing mortality rates that 
range from 35% to 65%
ED care and disposition decisions have significant effects 
on outcome in patients with severe infection.

• In-hospital or 30-day mortality
not be the optimal measure for assessing infection 
severity in the ED itself

Introduction (II)
• Patients have worsening sepsis or develop septic 

shock on regular nursing floors have delays in 
processes of care as compared to those who 
develop septic shock in the intensive care unit (ICU).

identify factors predictive of decompensation on the 
inpatient floor within 48 hours after admission among 
those ED patients initially admitted to a regular nursing 
floor
transfer to an ICU within 48 hours of admission as the 
marker of acute decompensation

Methods (I)

• A case-control study of ED patients admitted to 
an urban tertiary care hospital

• Inclusion criteria
treatment in the ED and admission to a regular 
nursing (non-ICU) floor
proven or suspected infection in the ED
receipt of a hospital discharge diagnosis of sepsis 
(ICD-9-CM code of 038.49, 038.9, or 995.92)

• from January 1, 2003, to June 30, 2005

Method (II)
• stratified into 2 groups

ICU group：all patients who were transferred to an ICU 
within 48 hours of admission
non-ICU or floor group：all patients who remained on the 
regular nursing floor for at least 48 hours

• An infection was considered
documented ED diagnosis of an infectious condition
an ED diagnosis to “rule out” an infectious condition
blood cultures were ordered in the ED

• To assess the burden of comorbidities, the Charlson
comorbidity index was calculated.
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Method (III)
• Altered mental status

altered mental status, confusion, delirium, or dementia

• Immunosuppression
HIV, AIDS, cancer, multiple myeloma, chemotherapy, recent systemic 
steroid use (within 30 days), organ transplant, or use of any 
immunosuppressive medication

• fever as temperature of 38.0°C or higher
• tachycardia as heart rate of 100 beats per minute or higher
• tachypnea as respiratory rate of 20 breaths per minute or 

higher
• hypotension as systolic blood pressure of less than 90 mm 

Hg
• low serum bicarbonate was defined as values less than 20 

mmol/L

Method (IV)

• The primary study outcome variable was transfer 
to an ICU within 48 hours of admission.

Result (I)

Result (II)
Result (III)

• In the multivariate analysis
Only absence of fever and decreased serum 
bicarbonate were significant contributors to the model 
(for prediction of ICU transfer).

• low serum bicarbonate (＜20 mmol/L)
odds ratio (OR) = 7.40 (95% CI, 2.35-23.30)

• absence of fever
OR = 3.66 (95% CI, 1.11-12.60)
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Result (IV) Discussion & Conclusion (I)
• In this study of variables available to the ED 

physician, only serum bicarbonate and absence of 
fever were independently predictive of patient 
decompensation.

the low bicarbonate likely represents occult hypoperfusion
lactate? (study patients enrolled in a period before 
widespread use of lactate)

• patients who develop sepsis on regular nursing 
floors get worse or delayed care
→ a trend toward increased mortality in the floor patients
→ rapid, early, aggressive identification and treatment of 
severe sepsis/septic shock, correct ED admission decisions 
are critical

Discussion & Conclusion (II)

• Emergency and admitting physicians should 
consider the possibility of worsening infection 
severity in patients with low serum bicarbonate.

• In addition, the absence of fever should not be 
used as a sign that a patient does not have 
severe infection.

Predictors of poor neurologic outcome 
in patients after cardiac arrest treated 

with hypothermia: 
A retrospective study

Resuscitation (2011), doi:10.1016/
j.resuscitation.2011.02.020 

Laurens L.A. Bisschops, Nens van Alfen, Selma Bons, Johannes 
G.van der Hoeven, Cornelia W.E. Hoedemaekers

Introduction (I)

• Clinical signs, electrophysiological and/or 
biochemical tests with a false positive rate of 0%
and a narrow confidence interval are currently 
used early after cardiac arrest to identify a 
subset of patients with a poor prognosis.

clinical practice parameters as described by the 
Quality Standards Subcommittee of the American 
Academy of Neurology (AAN) 
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Introduction (II)
• Mild therapeutic hypothermia during the post-

cardiac arrest period
a marked effect on the cerebral changes 

metabolism, cerebral blood flow, inflammatory response and 
neuro-excitatory pathways

Sedatives (midazolam) additionally influence the time to 
regaining consciousness

hypothermia influences the metabolism
1. an increase in plasma concentrations
2. possibly depressed cytochrome P 450(CYP)3A4 and 

CYP3A5 activity
impaired hepatic and renal function

→ midazolam and its active metabolites can accumulate resulting in 
an unpredictably prolonged sedative effect 

parameters may not be applicable to patients after 
hypothermia

Materials and methods (I)
• Patients

retrospective cohort study
consecutive adult patients with return of spontaneous 
circulation (ROSC) after cardiac arrest and treated with 
mild hypothermia
admitted to the ICU of the Radboud University Nijmegen 
Medical Centre
Medical Centre between January 2007 and November 
2009

Materials and methods (II)
• Standard care

all comatose patients with a Glasgow Coma Scale (GCS) 
≤ 8 after cardiac arrest were admitted to the ICU

monitored and treated according to international clinical standards 
and the institutional protocol

cooled to 32–34 ℃ for 24h by infusion of cold fluids and 
surface cooling, followed by passive rewarming
sedated with midazolam and/or propofol

Ramsay score of 6
analgesia using sufentanyl of morphine during hypothermia

Continuous sedation was stopped at normothermia.
clinical signs of shivering

treated with extra sedation, analgesia or rocuronium
vasoactive or inotropic support

maintain a mean arterial blood pressure > 80mmHg

Materials and methods (III)
• Assessment of neurological prognosis (I)

bilateral median nerve somatosensory evoked potential 
(SSEP) study

if a patient remained comatose (defined as a motor score of 4 or
less) after rewarming and cessation of sedation

If the cortical N20 response was bilaterally absent (with 
peripheral responses present) supportive care was 
withdrawn.
Where unilateral or bilateral cortical N20 responses to the 
SSEP were present, a motor score of M1-2 or absent 
pupillary reactions to light or absent corneal reflexes at 
day 3

not result in withdrawal of active treatment
motor score of M1-2 in combination with absent pupillary
reactions and absent corneal reflexes

active treatment was withdrawn 

Materials and methods (IV)
• Assessment of neurological prognosis (II)

Myoclonia was treated with sedation using midazolom
and/or anti-epileptic drugs (valproic acid or levetiracetam).

EMG artefacts with (cortical myoclonus) or without (subcortical
myoclonus) EEG spike correlates

1. cortical myoclonia was present 
→ sedative and anti-epileptic drugs was initiated and medication 

given for a minimum period of 24 h

An electroencephalogram (EEG) was performed in case of 
suspected seizures or persistent coma.
EEG consisting of 

generalized suppression, burst suppression or generalized 
periodic discharges

→ poor prognosis
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Materials and methods (V)
• Assessment of neurological prognosis (III)

Glasgow Outcome Scale (GOS) was determined at least 3 
months after hospital discharge from the patients’
correspondence or after consultation of the family 
physician 

(1) death; (2) persistent vegetative state; (3) severe disability; 
(4)moderate disability; and (5) good recovery
A favorable neurological recovery was defined as a GOS score of 
4 or 5

Materials and methods (VI)
• Patient data

analyzed from the day of admission to the ICU until day 7, 
discharge from the ICU or death
Comorbidity

smoking, a history of hypertension, diabetes, acute kidney injury 
(an eGFR < 60ml/min), liver dysfunction (serum bilirubin > 
20μmol/l),  ischemic heart disease (NYHA class III and IV, 
myocardial infarction or coronary arterial bypass grafting),  heart 
failure (NYHA class III and IV), cardiac arrhythmias, cerebral 
pathology or malignancy

Complications
new cardiac arrest requiring chest compressions,  hemorrhage 
requiring transfusion, arrhythmias, acute kidney injury (RIFLE 
criteria 2–3) and/or liver dysfunction (serum bilirubin > 20μmol/l)

Materials and methods (VII)

• Data analysis
positive predictive value (PPV) = the probability that 
the patient had an unfavourable outcome when a 
positive test result was observed

Results (I)
(35.0%)

(most common)

(most common)

Result (II)

94.0%

80.6%

P = 0.031

34.3%

11.1%

P < 0.001

2.8%

10.4%
P = 0.001

Results (III)

• Of the 40 patients with clinical myoclonus, 18 underwent at 
least one EEG.

In 4 of these 18 patients (22.2%) cortical myoclonus was observed, in 
the others the jerks were subcortical in origin.

All 4 patients with cortical myoclonus had a poor outcome.

(40/103 (38.8%))

(4/36 (11.1%)) (36/67 (53.7%)) (< 0.001)
(0.90 (0.75-0.97))
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Result (IV)

• SSEP of both median nerves
total 46 patients (8 patients inconclusive result)
Uni- or bilateral cortical responses were present in 
44.7% of the patients with a poor outcome and 87.5% 
of patients with a favorable outcome.
no cortical N20 response in 18/38 (47.4%) of the 
patients with a poor outcome (PPV 1.0 (0.78–1.00))
None of the patients with a bilateral absent cortical 
N20 response had a GCS motor score better than 4.

Results (V)

PLEDs = Periodic lateralized epileptiform discharges

1/4 (25%) 11/23 (47.8%) 0.396

0.92 (0.59-0.99)
• anti-epileptic treatment for at least 24 h was performed in 16 

patients (most commonly with benzodiazepines combined 
with valproic acid)

failed to improve consciousness or EEG patterns in 14/15 (93.3%)
patients with a poor outcome and in none of the patients with a good 
outcome (p = 0.125) (clinical improvement：2)
PPV = 1.00 (0.73-1.00)

Discussion & Conclusion (I)
• The prognosis of post-anoxic encephalopathy in 

patients treated with hypothermia is difficult to 
predict in an early phase.

• After treatment with mild hypothermia, the motor 
score of the GCS gradually improved during the 
first 7 days after ROSC.

• At day 3, the current clinical practice parameters 
such as the motor score, pupillary reflex or corneal 
reflex were unreliable in predicting a poor outcome.

• The predictive value of EEG patterns in predicting a 
poor outcome was low, except for reactivity of the 
EEG to noxious stimuli.

Discussion & Conclusion (II)
• Treatment with mild therapeutic hypothermia and its 

concomitant administration of sedatives decreases 
the predictive value of the currently accepted 
clinical parameters.

• The neurological examination is of limited value in 
accurately predicting outcome.

• A combination of all 3 clinical parameters (pupillary, 
corneal reflexes and motor response) occurred in 
only a minority of patients with a poor outcome, 
resulting in a low sensitivity. 

Discussion & Conclusion (III)
• Electrophysiological tests, combined with clinical 

parameters may facilitate prognostication in 
patients after cardiac arrest.

bilateral absence of cortical N20 responses of median 
nerve SSEP 24 h after admission in patients treated 
without hypothermia

→ invariably correlates with a poor neurologic outcome
hypothermia does not change the accuracy of the SSEP 
for the prediction of permanent coma?

→ the need for prospective studies to evaluate the 
predictive value of bilateral absent N20 responses after 
hypothermia

Discussion & Conclusion (IV)
• Known adverse EEG patterns such as burst-

suppression, suppression or periodic epileptiform
discharges failed to accurately predict outcome in 
our population.

burst-suppression or isoelectric pattern
→ associated with a poor outcome, but its specificity was 

not 100% and confidence intervals relatively wide
After induction of hypothermia all patients initially
demonstrate a slow burst-suppression EEG pattern with 
long periods of suppression, which gradually subsides.
The occurrence of these patterns after rewarming is 
associated with a poor outcome, but fails the specificity to 
accurately predict the prognosis.
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Discussion & Conclusion (V)
An unreactive EEG background to noxious stimuli was 
strongly associated with a poor prognosis in our 
population.
Since EEG reactivity had a false positive rate for mortality 
of 7%, it cannot be used as a single parameter for 
prognostication. 

• No single clinical or electrophysiological parameter
has sufficient accuracy to determine prognosis and 
decision making in patients after cardiac arrest, 
treated with hypothermia.

• Early prognostication in patients with post-anoxic 
encephalopathy will probably require a multimodal 
approach, combining a number of clinical and 
electrophysiological tests.

Thanks for your listening~Thanks for your listening~
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