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CRITICAL CARE PHARMACOLOGY LITERATURE 

UPDATE 
APRIL 2010 

his monthly review of select articles has been compiled and prepared as a service to the members 

of the Clinical Pharmacy and Pharmacology (CPP) Section of the Society of Critical Care Medicine 

(SCCM).  The content below is for information purposes only and is intended to highlight recent 

articles that may be of interest to the CPP membership.  Though some core content from the 

publications is presented, the reader is encouraged to review each article in full for additional detail in 

order to fully interpret the study and its findings. 
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Standard prophylactic 

enoxaparin dosing leads to 

inadequate anti-Xa levels and 

increased deep venous 

thrombosis rates in critically ill 

trauma and surgical patients.  
Malinoski D, Jafar F, Ewing T, et al. J Trauma. 

2010;68:874–880. 

In-hospital venous thromboembolism (VTE) 

events continue to occur despite prophylaxis 

with heparin products. This was a retrospective 

study of 54 trauma/surgical ICU patients who 

received enoxaparin 30 mg subcutaneously 

twice daily along, had peak and trough anti-Xa 

levels drawn correctly per the local ICU 

protocol, and follow-up screening duplex.  The 

hypothesis was that low trough anti-Xa levels, 

defined as ≤ 0.1 IU/mL, would be associated 

with VTE. Bilateral upper and lower extremity 

duplex ultrasound exams were conducted upon 

ICU admission and weekly thereafter.  A total of 

27 patients (50%) had a low anti-Xa level.  

Patients with low anti-Xa levels were more 

likely to have a proximal DVT than those with 

normal levels (37% vs. 11%, p = 0.026). There 

were no identifiable risk factors for low trough 

anti-Xa levels, and no significant difference 

between groups for incidence of any VTE 

(including both DVT and PE).  This study used 

strict inclusion/exclusion criteria in order to 

control for potential biases. Unfortunately, the 

study leaves us with little information to 

identify trauma patients at risk for low anti-Xa 

levels when using prophylactic enoxaparin. 

 

Impact of not measuring residual 

gastric volume in mechanically 

ventilated patients receiving 

early enteral feeding: a 

prospective before-after study. 
Poulard F, Dimet J, Martin-Lefevre L, et al. 

JPEN J Parenter Enteral Nutr. 2010;34:125-130. 

Early enteral feeding has been recommended in 

critically ill patients due to benefits on gastric 

mucosal integrity, infection rates, and survival. 

Incumbent risks are those of vomiting, 

aspiration, and subsequent ventilator-

associated pneumonia (VAP). The practice of 

holding enteral nutrition (EN) based on residual 

gastric volume (RGV) has not been standardized 

nor validated. This prospective before-after 

study hypothesized that monitoring RGV would 

decrease EN received without reducing 

vomiting or VAP.  Included patients had feeding 

initiated within 48 hours of mechanical 

ventilation. Excluded patients had esophageal 

or gastric surgery or bleeding, pancreatitis, 

gastrostomy or jejunostomy EN, or were 

receiving gastric motility agents 48 hours prior 

to the study. Between July 2004 and June 2005, 

RGV was monitored and recorded for all study 

patients. Residual gastric volume of > 250 mL or 

emesis was considered feeding intolerance. 

Patients monitored for RGV received a lower 

volume of EN in the first 2 days of the study 

period (1382 vs. 1489 mL, p=0.002) and had a 

higher rate of intolerance (46.1% vs. 26.3%, 

p=0.004). There was no difference in rates of 

vomiting or VAP between groups. Based on 

these study findings, for critically ill patients 

requiring EN support, monitoring and adjusting 

feeding rates for high RGV does not appear to 

decrease adverse events associated with early 

feeding. 
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Enoxaparin, effective dosage for 

intensive care patients: double-

blinded, randomized clinical 

trial. 
Robinson S, Zincuk A, Strom T, Larsen TB, 

Rasmussen B, Toft P.  Crit Care. 2010;14:R41. 

Deep vein thrombosis (DVT) is associated with 

high morbidity and mortality in critically ill 

patients and a common prophylactic strategy 

involves the use of low molecular weight 

heparins (LMWH).  Anti-factor Xa (aFXa) levels 

are used to monitor LMWH, but no conclusive 

correlation to improved clinical outcomes has 

been established with achievement of the 0.1-

0.3 IU/mL recommendation.  This single-center, 

prospective, blinded study sought to establish 

the optimal dose of enoxaparin for ICU patients 

based on a primary endpoint of aFXa levels.  

Seventy two non-pregnant, adult patients, 

admitted to the ICU for >24 hours were 

included.  Individuals with a bleeding diathesis, 

weight < 50kg or > 90kg, anticipated operation, 

or continuous venovenous hemofiltration 

(CVVH) were excluded.  Patients were 

randomized to receive one dose of 

subcutaneous enoxaparin 40 mg, 50 mg, 60 mg 

or 70mg; serial aFXa were collected over 24 

hours.  The majority of patients were in the 

medical ICU, with median BMI ranging from 24 

to 26 kg/m2, creatinine clearance from 57 to 82 

mL/min, and acute physiology and chronic 

health evaluation (APACHE) II scores from 8 to 

16.  There was a statistically significant 

correlation between increasing enoxaparin 

doses and higher aFXa levels 4 hours after 

administration (p=0.002) with no difference 

appreciated in any other coagulation 

parameters.  Multiple regression analyses 

demonstrated no impact of BMI, age, or organ-

failure scores on aFXa levels.  No notable 

differences in bleeding events were noted 

between the groups.  Although this study 

demonstrated a relationship between aFXa 

levels and enoxaparin dose in a particular 

subset of patients, it would be premature to 

change current practice until further studies 

become available addressing the impact that 

achieving these levels has on clinical outcomes. 

 
Prophylactic intravenous 

magnesium sulfate for treatment 

of aneurysmal subarachoid 

hemorrhage: a randomized, 

placebo-controlled, clinical 

study. 
Westermaier T, Stetter C, Vince GH, et al. Crit 

Care Med. 2010;38:1284-1290. 

Vasospasm and delayed ischemic deficits are 

serious complications of aneurysmal 

subarachnoid hemorrhage (aSAH).  Magnesium 

therapy has been used in several studies to 

reduce the incidence of complications in 

patients with aSAH in a variety of dosing 

regimens.  The current study evaluated the use 

of a magnesium infusion titrated to maintain 

serum levels between 2 and 2.5 mmol/L and the 

effect on cerebral ischemic events.  Patients 

were randomized to either treatment (n=54) or 

placebo (n=53). Baseline characteristics 

between groups were similar.  The incidence of 

delayed ischemic infarction was significantly 

reduced in the magnesium group compared to 

the placebo group (22% vs. 51%, p = 0.0020).  In 

addition, vasospasm detected on transcranial 

Doppler was significantly reduced (67% vs 85%, 

p = 0.0279).  No difference in outcomes such as 

mortality or Glasgow outcome scale was 

observed.  Bradycardia was the most common 

side effect of the magnesium treatment.  There 
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are several limitations to this trial:  magnesium 

was not given to patients with low magnesium 

levels in the placebo group; it appears that 

patients were not on nimodipine, considered a 

standard of care in aSAH patients.  Either of 

these factors may have affected the results of 

this study. 

The efficacy and safety of proton 

pump inhibitors vs. histamine-2 

receptor antagonists for stress 

ulcer bleeding prophylaxis 

among critical care patients: a 

meta-analysis. 
Lin P-C, Chang C-H, Hsu P-I, et al. Crit Care 

Med. 2010;38:1197-1205. 

In an attempt to settle once and for all the 

debate between which is more efficacious – 

proton pump inhibitors (PPIs) or histamine-2 

receptor antagonists (H2RAs) – for stress ulcer 

prophylaxis in the ICU, researchers conducted a 

systematic review of the literature and a meta-

analysis of seven studies that met criteria.  

Inclusion criteria were randomized, controlled 

trials directly comparing the 2 classes of agents 

on clinical outcomes in medical or surgical ICU 

patients.  In the pooled analysis of 936 patients, 

researchers found no significant difference 

between PPIs or H2RAs in rates of stress-related 

upper gastrointestinal bleeding.  While there 

was a trend toward better results with PPIs, 

those results were primarily attributable to a 

single study where patients in the H2RA arm 

had significantly more risk factors for stress-

related mucosal damage at baseline.  The 

heterogeneity between studies in the meta-

analysis changed from I = 66% (moderate to 

high) to I = 26% (low to moderate) when the 

single outlying study with the aforementioned 

confounder was removed.  The pooled results 

of the remaining six studies showed no trend 

favoring either agent.  Likewise, when examined 

on an individual basis, the only studies that 

favored PPIs were published before the year 

2000 and were of lower methodological quality, 

as determined by the Jadad score.  Subgroup 

analyses also showed no difference in clinical 

outcomes between agents regardless of route 

of administration.  Another question the meta-

analysis sought to answer was whether either 

agent was associated with a significantly higher 

risk of pneumonia.  In this meta-analysis, there 

was no significant difference or trend in favor of 

either agent in terms of either pneumonia rates 

or all-cause mortality rates.  Lin et al note that 

their findings are consistent with those of past 

systematic reviews. 

Revisiting the loading dose of 

amikacin for patients with severe 

sepsis and septic shock. 
Taccone FS, Laterre PF, Spapen H, et al. Crit 

Care. 2010;14:R53.  

Early and appropriate antibiotic administration 

is necessary for the treatment of patients with 

sepsis or septic shock.  An increased volume of 

distribution (Vd) may be a cause for increased 

dosing of certain antibiotics in this patient 

population. This study aimed to determine 

whether 25 mg/kg (based on total body weight 

[TBW]) of amikacin is an adequate loading dose 

in patients with increased Vd, such as those 

with severe sepsis and septic shock, compared 

to standard 15mg/kg dosing (based on ideal 

body weight [IBW]). Seventy four mixed ICU 

patients were included in this open, 

prospective, multicenter study.  Patients were 

excluded from the study if Vd was expected to 

be increased (e.g., in burns, cystic fibrosis) and 

body mass index (BMI) > 40 kg/m2.  Amikacin 
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was given in combination with other 

antimicrobials based on local clinical practice.  

All patients received a loading dose of 25 mg/kg 

in order to achieve a goal peak 8 to 10 times 

higher than the MIC.  The clinical MIC 

breakpoint for pathogens such as 

Enterobacteriaceae and Pseudomonas is 8 

mcg/mL; therefore, the target peak for amikacin 

was ≥ 64 mcg/mL.  Of note, the study period 

was limited to the first 24 hours of treatment.  

Peak serum concentrations of amikacin were ≥ 

64 mcg/mL in 70% of patients receiving a 

loading dose of 25 mg/kg.  These patients had 

similar baseline characteristics to those 

achieving peak concentrations <64 mcg/mL.  Of 

note, baseline mean SCr was 1.7, and 27% 

presented with acute renal failure.  Authors 

concluded that a loading dose of at least 25 

mg/kg based on TBW is necessary to achieve 

therapeutic peak concentrations in patients 

with severe sepsis or septic shock due to a 

larger Vd (fluid shifts, increased cardiac index).  

Combination antibiotic therapy 

with macrolides improves 

survival in intubated patients 

with community-acquired 

pneumonia. 
Martin-Loeches I, Lisboa T, Rodriguez A, et al. 

Intensive Care Med. 2010;36:612-620. 

Community-acquired pneumonia (CAP) is the 

leading cause of infectious death and severe 

sepsis and is the seventh leading cause of 

overall death. Adherence to the Infectious 

Disease Society of American (IDSA) and 

American Thoracic Society (ATS) guidelines has 

been shown to improve outcomes with the 

exception of survival. The main objective of this 

prospective, observational cohort, multicenter 

(27 European ICUs) study was to assess the 

effect on survival of using macrolides or 

fluoroquinolones in combination therapy for 

hospitalized patients with severe CAP. The 

primary outcomes were ICU and 30-day 

mortality. A secondary objective was to assess 

adherence with 2007 IDSA/ATS guidelines for 

CAP. Treatment followed 2007 IDSA/ATS 

guidelines in 45.9% of the patients. For the 

patients who received treatment according to 

2007 IDSA/ATS guidelines, ICU mortality was 

lower for patients receiving macrolides versus 

fluoroquinolones (26.1% vs. 46.3%, P = 0.04). 

Thirty day mortality was also lower for those 

patients. A similar survival effect was observed 

in patients presenting with severe sepsis/septic 

shock due to CAP (mortality: 25% macrolides vs. 

46.2% fluoroquinolones, P = 0.03). Martin-

Loeches et al conclude that treatment with 

macrolides in combination therapy according to 

the 2007 IDSA/ATS guidelines improves survival 

when compared to fluoroquinolones. In the 

majority of hospitalized patients with CAP who 

are not severely ill, fluoroquinolones still 

represent a viable treatment option. In the 

subset of patients that are more severely ill, the 

use of macrolides in combination therapy 

represents a better choice. The benefit of 

macrolides in more severely ill patients may be 

due in part to their immunomodulatory effects. 
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Risk factors for multidrug 

resistant bacteria and 

optimization of empirical 

antibiotic therapy in 

postoperative peritonitis. 
Augustin P, Kermarrec N, Muller-Serieys C, et 

al.  Crit Care. 2010;14:R20. 

Postoperative peritonitis (PP) secondary to 

abdominal surgery is a significant complication 

associated with multi-system organ dysfunction 

and mortality.  The Infectious Disease Society of 

America and Surgical Infection Society have 

developed recommendations for the selection 

of empiric antibiotic coverage for this targeted 

infection.  However, with the increasing 

frequency of multi-drug resistant (MDR) 

organisms, ongoing evaluation of the validity of 

the recommendations is necessary.  This single-

center, French, retrospective study sought to 

identify risk factors for the development of 

MDR PP as well as evaluate the effectiveness of 

the empiric antibiotic therapy in this patient 

population.  Of the 100 patients who developed 

PP, excluding those who underwent surgery for 

necrotizing pancreatitis, 41 patients had MDR 

bacteria present in the peritoneal sample.  

Based on logistic regression, the use of broad-

spectrum interval antibiotics (IA) was the only 

statistically significant risk factor for the 

development of an infection with a MDR 

organism, primarily resistant 

Enterobacteriaceae and methicillin-resistant 

coagulase-negative staphylococci.  Broad 

spectrum IA was defined as 

piperacillin/tazobactam (pip/tazo), 

imipenem/cilastatin, and fluoroquinolone use 

during the time period of 24 hours after the 

initial surgery and re-operation.  Based on the 

susceptibility data, adequacy rates for 

monotherapy (imipenem or pip/tazo), two-

drug, or three-drug combinations were similar 

(64%, 66%, and 62%, respectively).  In the 

evaluation of theoretical regimens where MDR 

organisms were present, only combinations 

including vancomycin increased adequacy rates 

to ≥ 80%.  Overall, the authors recommend 

consideration of local susceptibility patterns, 

specifically with peritoneal samples, to 

determine appropriate empiric antibiotics for 

treatment of PP. 

 
Effects of reducing beta-lactam 

antibiotic pressure on intestinal 

colonization of antibiotic-

resistant gram-negative bacteria 
Nijssen S, Fluit A, Van de Vijver D, Top J, 

Willems R, Bonten MJ.  Intensive Care Med. 

2010;36:512-519. 

Data supporting the utilization of an antibiotic 

cycling program to reduce gram-negative 

antibiotic resistance in critically ill patients is 

largely inconsistent.  This single-center, 

prospective, crossover study (n=768) assessed 

the impact of antibiotic cycling on acquisition of 

intestinal colonization with cephalosporin-

resistant Enterobacteriaceae (CRE) and 

fluoroquinolone-resistant CRE (FCRE).  All 

medical ICU or neurosurgical ICU patients were 

included and rectal swabs were obtained on ICU 

admission and twice weekly.  After an 8-month 

baseline observation period indicating beta-

lactam use as a risk factor for CRE acquisition, 

patients were randomized to the homogenous 

arm (empiric levofloxacin/ ciprofloxacin) or the 

heterogenous arm (empiric ceftriaxone, 

amoxicillin/clavulanate or 

levofloxacin/ciprofloxacin each cycled on a 

weekly basis).  Each strategy was employed in 

one ICU for three months, after which crossover 

occurred with no washout.  66% of admitted 
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patients received antibiotics; beta-lactam use 

was significantly reduced during the 

intervention period and fluoroquinolone use 

increased in the homogeneous arm.  The 

primary outcome, CRE acquisition rate per 1000 

patient days, was not different among the 

baseline, homogeneous or heterogeneous arms 

(14 vs 14 vs 18 respectively, p=NS).  The 

acquisition rate of FCRE was increased in the 

homogeneous arm (2.1 vs 8.3 vs 2.5 per 1000 

patient days, p<0.01).  The authors concluded 

that a reduction in beta-lactam exposure did 

not reduce CRE and was at the expense of 

increased FCRE acquisition.  Limitations include 

a lack of information about 

appropriateness/adequacy of therapy and 

clinical outcomes, and like other cycling studies, 

a short duration of study protocol and limited 

external validity.  This study, however, does 

highlight how rapidly selective pressure 

perpetuates fluoroquinolone resistance which 

should be an important consideration in 

antibiotic selection. 

 
Efficacy and safety of dopamine 

versus norepinephrine in the 

management of septic shock. 
Patel GP, Grahe JS, Sperry M, et al.  Shock.  

2010;33:375-380.    

Although dopamine (DA) and norepinephrine 

(NE) are recommended as first-line 

vasopressors for septic shock based on 

consensus guidelines and expert opinion, the 

optimal agent remains controversial.  This 

single-center, prospective, randomized, open-

label trial conducted between September 1, 

2003 and June 30, 2008 aimed to identify the 

efficacy and safety of DA versus NE in septic 

shock.  The study included adult, medical 

intensive care unit (ICU) patients with a 

diagnosis of systemic inflammatory response 

syndrome (SIRS), a suspected or documented 

source of infection, and septic shock refractory 

to fluid resuscitation. Patients with other shock 

states or those who had received vasopressors 

for greater than 6 hours prior to enrollment 

were excluded.  Patients received either DA 5 to 

20 mcg/kg/min (n = 134) or NE 5 to 20 mcg/min 

(n = 118) with the addition of vasopressin and 

phenylephrine as needed to maintain a mean 

arterial pressure (MAP) ≥ 60 mmHg and/or 

systolic blood pressure (SBP) ≥ 90 mmHg.  With 

regard to the primary outcome, 28-day all-

cause mortality, and three of the secondary 

outcomes; ICU length of stay, Sequential Organ 

Failure Assessment (SOFA) score, and hospital 

length of stay, there were no statistically 

significant differences between groups.   The 

incidence of cardiac arrhythmias was 

statistically significant (DA 38% vs NE 11.8%, 

p<0.0001) with 24% of patients in the DA group 

requiring DA discontinuation secondary to their 

arrhythmia.  The results of this study support 

those found in the recently published Sepsis 

Occurrence in Acutely Ill Patients (SOAP II) trial 

(N Engl J Med. 2010;362:779-789), which 

highlighted the increased risk of DA-induced 

cardiac arrhythmias in patients with shock.   
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Effects of fish oil containing lipid 

emulsion on plasma 

phospholipid fatty acids, 

inflammatory markers, and 

clinical outcomes in septic 

patients: a randomized, 

controlled clinical trial. 
Barbosa VM, Miles EA, Calhau C, Lafuente E, 

Calder PC. Crit Care. 2010;14:R5.  

Fish oil in parenteral fat emulsion has garnered 

great interest in recent years for use in the 

critically ill due to its potential anti-

inflammatory properties.  Most studies to date 

demonstrate a benefit only in surrogate 

markers of inflammation but are limited by 

study power to detect clinically meaningful 

benefits.  This trial, conducted between March 

and December 2007, included 23 patients with 

either systemic inflammatory response 

syndrome (SIRS) or sepsis who were predicted 

to require parenteral nutrition.  Subjects were 

randomized to receive fat emulsion containing 

50% medium chain triglycerides and 50% 

soybean oil/long chain triglycerides (MCT/LCT 

group, n = 10) or an emulsion containing 50% 

MCT, 40% soybean oil, and 10% fish oil (FO 

group, n = 13) with parenteral nutrition for at 

least five days.  While the authors note some 

possible benefit in interleukin-6 production and 

gas exchange values in the FO group, no 

differences were found for ventilator days, ICU 

length of stay, and mortality.  Like previous 

studies reviewing parenteral fish oil, limitations 

of this trial include small sample size, open-label 

trial design and industry sponsorship of authors.  

Parenteral fish oil trials have yet to prove 

clinical benefit in critically ill patients before 

widespread use can be advocated. 
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