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Background: Enoxaparin is frequently used as prophylaxis for 
deep venous thrombosis in critically ill patients. 
Objectives: To evaluate three enoxaparin prophylactic regi- 
mens in critical care patients with and without administration 
of a vasopressor.
Methods: Patients admitted to intensive care units (general and  
post-cardiothoracic surgery) without renal failure received, once 
daily, a subcutaneous fixed dose of 40 mg enoxaparin, a sub- 
cutaneous dose of 0.5 mg/kg enoxaparin, or an intravenous 
dose of 0.5 mg/kg enoxaparin. Over 5 days anti-activated fac- 
tor X levels were collected before the daily administration and 
4 hours after the injection.
Results: Overall, 16 patients received the subcutaneous fixed 
dose, 15 received the subcutaneous weight-based dosage, and  
8 received the dose intravenously. Around two-fifths (38%) of 
the patients received vasopressors. There was no difference 
between anti-activated factor X levels regarding vasopressor 
administration. However, in all three groups the levels were 
outside the recommended range of 0.1 IU/ml and 0.3 IU/ml.
Conclusions: Although not influenced by vasopressor admin- 
istration, the enoxaparin regimens resulted in blood activity 
levels outside the recommended range.
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ABstRACt:

Key wORDs:

C ritically ill patients are at increased risk of venous throm-
boembolic (VTE) events [1]. Among the pharmacologic 

modalities to prevent this disorder are subcutaneously admin-
istered low molecular weight heparins (LMWH). They are 
recommended as an alternative to low dose unfractionated 
heparin for standard deep venous thrombosis (DVT) prophy-
laxis in most critically ill patients [2].

Although many intensive care units (ICUs) administer the 
preventive dose of LMWH as for the general patient popula-
tion [3], this has not been validated sufficiently in the criti-
cally ill. Indeed, several studies demonstrated questionable 

efficacy of the preventive standard enoxaparin dose in the 
critically ill [4-7]. Among the factors that differentiate ICU 
patients from the general patient population are those that 
may affect uptake from the subcutis, such as administration 
of vasopressor.

One way of monitoring LMWH treatment is by measuring 
anti-factor X activity (aFXa). In the present study we inves-
tigated the aFXa levels of enoxaparin preventive regimens in 
the critically ill and the effect of vasopressors on these levels.

PAtIeNts AND MetHODs
This randomized prospective controlled study was conducted 
in the ICU of Shaare Zedek Medical Center in Jerusalem. Both 
local institutional review board (IRB) and National Institute of 
Health approvals (NCT00351663) were obtained. Local IRB 
approval demanded that families be informed of the result 
of randomization since standard therapy was being waived. 
In accordance with local IRB demands, informed consent 
was signed either by a court-appointed legal guardian or by 
an independent physician and, when available, a first-degree 
family member.

sAMPLe sIze CONsIDeRAtIONs
Based on the assumption that at least 40% of the aFXa levels 
would be outside the recommended range, we planned to 
recruit 15 patients for each treatment group. This would have 
provided the study with a two-sided confidence level and a 
power greater than 0.9.

INCLUsION/eXCLUsION CRIteRIA
All mechanically ventilated patients admitted to the ICU were 
screened for study inclusion. Inclusion criteria were age ≥ 18 
years old, mechanical ventilation expected for > 3 days, and 
an indication for VTE prophylaxis therapy. Exclusion criteria 
were treatment with low dose unfractionated heparin (LDUH) 
< 8 hours before enrolment, indication for therapeutic anti-
coagulation, presence of contraindication for anticoagulation, 
platelet count < 75,000/103 μl, international normalization 
ratio (INR) > 1.7, creatinine clearance < 30 ml/min/m2, body 
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mass index (BMI) > 30 kg/m2, or any other condition preclud-
ing treatment according to the treating physician.

stUDy PROtOCOL
Using the online tool (http://www.randomizer.org/form.htm) 
patients were randomized to receive enoxaparin 40 mg subcu-
taneously (SQ), 0.5 mg/kg SQ, or 0.5 mg/kg intravenously (IV). 

On the day of enrolment the patient’s Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score was 
documented, as were BMI, levels of blood creatinine blood urea 
nitrogen (BUN), complete blood count and coagulation profile. 
Daily follow-up included complete blood count and coagula-
tion profile, documentation of bleeding episodes and thrombo-
embolic phenomena, thrombocytopenia below 75,000/103 μl 
or the appearance of a rash. In patients receiving vasopressors, 
both type and dose of vasopressor were documented.

During the first 5 days of treatment, blood samples were 
drawn for aFXa levels at 30 minutes before enoxaparin injec-
tion (trough) and 4 hours after injection (peak). Although the 
aFXa will peak immediately after the IV administration, we 
used the 4 hour levels to standardize the comparison between 
the regimens. After 5 days of treatment, venous duplex ultra-
sound to rule out the presence of DVT was performed by an 
experienced operator blinded to the treatment group.

LABORAtORy wORKUP Of afXa sAMPLes
All samples were collected in tubes of trisodium citrate and 
were coded to maintain laboratory blinding to the drug 
administration protocol. Samples were analyzed using 
an enoxaparin-specific aFXa assay (Coamatic Heparin®, 
Chromogenix, Italy). aFXa levels of 0.1–0.3 IU/ml were con-
sidered as representing effective prevention. Although some 
researchers consider aFXa levels of 0.2 IU/ml to be a safer 
upper limit, we decided to accept levels as high as 0.3 IU/ml 
as the upper limit, as also stated by others [8,9]. All labora-
tory and clinical staff were blinded to the treatment groups 
and to aFXa levels respectively. 

OUtCOMe MeAsURes 
The main outcome measure was the blood levels of aFXa. The 
secondary outcome measure was the effect of vasopressor 
therapy on aFXa levels in each treatment protocol.

stAtIstICAL ANALysIs
Analysis of variance (ANOVA) was used to compare the 
amount of enoxaparin administered and the aFXa levels in 
the three study groups. Chi-square test was used to compare 
categorical variables. In addition, linear regression was used to 
study variables related to aFXa levels before and after admin-
istration. The enoxaparin dose was not incorporated in this 
model due to its strong correlation to the treatment arm and 
BMI, which were included.

ResULts
The first patient was recruited on 19 February 2007 and 
the last on 4 August 2008. Forty-five patients underwent 
randomization but 6 were withdrawn from the study due to 
family request, precluding analysis according to intension 
to treat. The major baseline characteristics of the 39 study 
subjects are given in Table 1. Most patients were admitted 
to the ICU for treatment of respiratory dysfunction or after 
abdominal surgery. Sixteen (41%) had undergone surgery 
prior to ICU admission. Most were males (27/39, 69%). 
Their median APACHE II score was 19 (IQR 17–22) and 
their median length of stay in the ICU was 15 (IQR 6–21) 
days.

eNOXAPARIN tReAtMeNt gROUPs [Table 1]
Sixteen patients received SQ 40 mg enoxaparin, 15 received 
SQ 0.5 mg/kg and 8 received IV 0.5 mg/kg. There was no 
statistical difference between the three groups in APACHE 
II score, age, gender, percentage of patients who received 
vasopressor therapy, BMI, or ICU length of stay. There was 
also no difference between the groups in the absolute dose of 
enoxaparin administered.

table 1. Demographic data of the treatment groups

treatment group

P valuesQ 40 mg
sQ 0.5  
mg/kg

IV 0.5  
mg/kg

n=16 n=15 n=8 NA

Age (years)
Median (IQR)

73 
(62–81)

69 
(57–79)

56 
(49–73)

0.13

Male gender, n (%) 10 (62.5) 9 (60) 8 (100) 0.10

Surgery, n (%) 5 (31.25) 7 (46.67) 4 (50) 0.58

Body mass index
Median (IQR)

25 
(24.20–27.57)

25 
(24.03–27.68)

26.12 
(25.71–27.68)

0.44

APACHE II score
Median (IQR)

19.5 
(17.00– 22.50)

19.00 
(17.00–22.00)

18.50 
(13.50–20.50)

0.54

Pulse rate
Median (IQR)

80 
(75–100)

90 
(80–100)

75 
(64–73)

0.12

Mean blood pressure (mmHg)
Median (IQR)

83 
(75.5–87.5)

85 
(78–88)

85.5 
(82–92)

0.35

Temperature (Co) 
Median (IQR)

38 
(37.3–38.55)

38 
(37.2–38.2)

37.4 
(37.35–37.75)

0.35

Creatinine (mg/dl) 
Median (IQR)

1.04 
(0.84–1.26)

1.16 
(0.9–1.38)

0.92 
(0.7–1.07)

0.29

Platelets (109/L) 
Median (IQR)

176.00 
(141.50–176.00)

198.00 
(154.00–258.00)

180.00 
(158.5–220.5)

0.59

INR 
Median (IQR)

1.35 
(1.28–1.44)

1.09 
(1.28–1.44)

1.17 
(1.13–1.33)

0.19

Vasopressor, n (%) 7 (46.67) 5 (33.33) 3 (20) 0.84

SQ = subcutaneous, IV = intravenous, IQR = interquartile range
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of treatment group. Levels before administration were consis-
tently lower than recommended and levels after administration 
were consistently higher. The fixed SQ 40 mg/day enoxaparin 
protocol provided the highest blood levels of aFXa. 

In all three treatment groups, there was no detectable dif-
ference in aFXa levels (peak or trough) in patients receiving 
vasopressors compared to patients not receiving vasopressors 
[Figure 2]. 

Multivariate co-factors related to aFXa levels before 
administration were patient’s gender, the treatment arm, 
and serum creatinine levels. The aFXa levels achieved after 
administration were related only to BMI and the mode of 
drug administration [Table 2].

COMPLICAtIONs Of tReAtMeNt
None of the study subjects had pulmonary embolism, but 
duplex revealed DVT in two subjects (5%). Both were males 

VAsOPRessOR tReAtMeNt gROUPs
Almost half the subjects (15/39, 38%) received vasopressors. 
The only vasopressor used was noradrenaline. There was no 
difference between patients receiving or not receiving vaso-
pressors in APACHE scores, age, gender and BMI for each 
treatment group. Patients receiving vasopressors in the weight-
based enoxaparin groups had slightly longer length of stay in 
the ICU (median 10 vs. 7 days, P = 0.011).

ANtI-fACtOR X LeVeLs
Peak aFXa levels remained consistent throughout study days 
1 to 5, as did trough aFXa levels in all treatment groups. This 
allowed pooling analysis of the aFXa levels sampled on all the 
days as one group, providing the study with a greater statistical 
power.

The aFXa levels measured in most samples were outside 
the range suggested for VTE prevention [Figure 1], regardless 

figure 1. Daily peak and 
trough aFXa levels of 
enoxaparin (enox)
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contrast, this randomized controlled study deals specifically 
with the critically ill and uses administration and monitoring 
methods that are practical for everyday ICU management and 
are accepted worldwide.

Several studies show similar results. Mayr et al. [8] sampled 
aFXa levels several times a day in medical and surgical ICU 
patients treated once daily with SQ 40 mg enoxaparin. Twelve 
hours after injection the levels were not within the preventive 
range. Obesity and multi-organ failure correlated with low 
aFXa levels [8]. Priglinger et al. [10] prospectively compared 
aFXa levels in medical, medical critical care, and post-cardiac 
surgery patients and found that aFXa levels were significantly 
lower in critically ill patients. This decreased efficacy could not 
be attributed to vasopressor therapy, blood proteins, platelets 
or leukocyte counts. However, there was a positive correla-
tion with the severity of illness. A study of critically ill trauma 
patients detected low aFXa trough levels with a standard SQ 
fixed dose of 40 mg [11]. Higher doses of SQ enoxaparin (e.g., 

with a normal BMI. One was treated according to the SQ 
weight-based protocol with resultant aFXa levels consistently 
below 0.1 IU/ml before and above 0.3 IU/ml after enoxaparin 
administration, respectively. Duplex demonstrated DVT in 
the distal left leg. This 57 year old patient had been admit-
ted for malignant reperfusion syndrome several hours after 
carotid endarterectomy and died after developing fulminant 
brain edema as a complication of the primary diagnosis. The 
second patient was treated according to the IV weight-based 
protocol with resultant aFXa levels consistently below 0.1 IU/ml 
before administration and above 0.3 IU/ml after administration 
throughout the study period. Duplex demonstrated DVT in the 
left popliteal vein. The patient, aged 45, had been admitted to 
the ICU after intubation and mechanical ventilation for respi-
ratory insufficiency as a complication of Duchene’s muscular 
dystrophy. He had been bound to a wheelchair before hospital 
admission and was discharged home in a similar condition.

sURVIVAL OUtCOMes
Three deaths occurred during the study period, none of which 
was secondary to the treatment. One is described above. The 
APACHE II score of this patient was 18 and he had been receiv-
ing a weight-based SQ enoxaparin protocol. The second death 
was of an 87 year old man who had been admitted for aspiration 
pneumonia with an APACHE II score of 19. He too received a 
weight-based SQ enoxaparin dose. The third death occurred in 
a 79 year old male after chest wall trauma due to a motor vehicle 
accident; he died of septic shock and multi-organ failure after a 
stormy ICU course. This last patient had been receiving a weight-
based IV enoxaparin protocol and his APACHE II score was 21. 

DIsCUssION
The main result of this study was that a daily dose of enoxapa-
rin whether it was SQ or IV, standard or weight-based, led to 
aFXa outside the suggested levels. The secondary outcome was 
that noradrenaline administration had no effect on the aFXa 
blood levels. The aFXa levels may denote the multifactorial 
nature of the physiology of critical care patients. Moreover, the 
correlation between the trough levels and co-factors may stem 
mainly from kidney function, composition of body tissues, and 
gender. By contrast, the peak levels could demonstrate the 
pharmacokinetics of the medication, which depends on the 
volume of distribution and hence on the BMI. A larger study 
is needed to define these co-factors and their role in different 
enoxaparin regimens. As for the lack of effect of noradrenaline, 
it is possible that in this patient cohort the skin perfusion was 
maintained with the vasopressor and, therefore, its absorption 
from the subcutis was not impaired.

Previous studies on the recommended dose involved either 
non-critically ill [9] or less critically ill patients [10,11], included 
shorter sampling periods [24], or were observational [9,11]. In 

table 2. Results of the regression model for aFXa levels

Multiple linear regression model

afXa levels before 
administration 

(r2 = 0.26, n=173)

afXa levels after 
administration 

(r2 = 0.14, n=172)

Variable Coefficient 95%CI P value Coefficient 95%CI P value

Age 0 0 0.70 -0.001 -0.002 0.27

Gender 0.017 0.002 0.02 0.021 -0.01 0.19

BMI 0.001 -0.001 0.36 0.008 0.003 0.003

Treatment -0.03 -0.041 < 0.0001 -0.04 -0.062 < 0.0001

Creatinine -0.029 -0.054 0.025 -0.027 -0.08 0.31

aFXa = anti-factor X activity, CI = confidence interval

figure 2. aFXa levels in the three treatment groups with and without administration 
of vasopressors
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Another major criticism of this study is whether a spe-
cific aFXa level should be sought when dealing with DVT 
prevention. If a specific preventive regimen lowers the rate 
of VTE on one hand and has no significant level of bleeding 
on the other, then the aFXa levels are irrelevant. We believe 
that the ability to monitor treatment by changing enoxapa-
rin dose according to aFXa levels increases patient safety. 
Furthermore, there is some evidence that low aFXa levels 
relate to high prevalence of DVT [18].

This study suggests that the current DVT prevention pro-
tocol results in aFXa levels not within the suggested preventive 
range. This does not mean that these protocols are clinically 
ineffective. Rather, it highlights the need for further research. 
The effect of vasopressors on the peripheral uptake of subcuta-
neously administered LMWH also merits additional attention. 
Despite these unresolved issues, our preliminary data encour-
age SQ administration in critically ill patients.
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Astrocytes are glial cells in the nervous system that are inter- 
connected by gap junctions formed by connexins. Gap junctions 
form pores that enable the connected cells to function as a 
unit by rapidly passing cytosolic signals. By analyzing hippo- 
campal slices from mice that were deficient in astroglial 
connexins, Chever et al. found that interconnected astrocytes 

coordinated bursts of neuronal activity over large regions, 
which contributed to the intensity of induced seizures. Indeed, 
mice with disconnected astrocytes had more frequent but less 
severe chemically induced seizures than did normal mice.

Sci Signal 2016; 9: ra6
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connected astrocytes coordinate seizures

Australian scientists have for the first time revealed how 
malaria parasites cause an inflammatory reaction that 
sabotages our body’s ability to protect itself against the 
disease. The discovery opens up the possibility of improving 
new or existing malaria vaccines by boosting key immune cells 
needed for long-lasting immunity. This could even include 
vaccines that have previously been ineffective in clinical 
trials. Researchers from Melbourne’s Walter and Eliza Hall 
Institute discovered that the same inflammatory molecules 
that drive the immune response in clinical and severe malaria 
also prevent the body from developing protective antibodies 
against the parasite. Drs. Diana Hansen, Axel Kallies and 
Victoria Ryg-Cornejo led a research team that examined how 
the immune system responded to malaria infection caused by 
Plasmodium falciparum (published in the journal Cell Reports). 
Dr. Hansen said it was the first time scientists had pinpointed 
why the immune system fails to develop immunity during 
malaria infection. “With many infections, a single exposure to 
the pathogen is enough to induce production of antibodies 
that will protect you for the rest of your life. However with 
malaria it can take up to 20 years for someone to build up 
sufficient immunity to be protected. During that time people 
exposed to malaria are susceptible to reinfection and become 
sick many times, as well as spreading the disease.” Malaria 
has traditionally been difficult to manage because the body 
is not good at developing long-lasting immunity to the 
parasite, which has hampered vaccine development. “This 
was complicated by the fact that we didn’t know whether it 

was the malaria parasite itself or the inflammatory reaction 
to malaria that was actually inhibiting the ability to develop 
protective immunity. We have now shown that it was a 
double-edged sword: the strong inflammatory reaction that 
accompanies and in fact drives severe clinical malaria is also 
responsible for silencing the key immune cells needed for 
long-term protection against the parasite.” Dr. Kallies said 
inflammatory molecules released by the body to fight the 
infection were preventing protective antibodies from being 
made. “Long-term immunity to malaria and other pathogens 
requires antibody responses,” he said. “Specialized immune 
cells called helper T cells join forces with B cells to generate 
these protective antibodies. However, we showed that during 
malaria infection critical inflammatory molecules actually 
arrest development of helper T cells and therefore the B cells 
don’t get the necessary instructions to make antibodies.” Dr. 
Hansen said the findings could lead to new avenues in the 
search for effective malaria vaccines. “This research opens the 
door to therapeutic approaches to accelerate development of 
protective immunity to malaria and improve efficacy of malaria 
vaccines. Until now, malaria vaccines have had disappointing 
results. We can now see a way of improving these responses, 
by tailoring or augmenting the vaccine to boost development 
of helper T cells that will enable the body to make protective 
antibodies that target the malaria parasites.”

http://www.eurekalert.org/pub_releases/2015-12/waeh-pi122115.
php#%2EVn2AedjUTQY%2Elinkedin
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