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Low molecular weight heparins (LMWHs), such as 
enoxaparin, are widely used as anticoagulants for deep 

vein thrombosis, atrial fibrillation and non-ST elevation 
myocardial infarction. The side effects of LMWH include 
bleeding, and it must be administered as a subcutaneous 
injection. Peak antifactor Xa is used for monitoring the status 
of anticoagulation in patients on LMWHs. LMWH therapy is 
recommended in patients who are pregnant, have renal 
impairment, pulmonary embolism or are obese with a weight 
of more than 150 kg. The recommended dose of enoxaparin, 
when creatinine clearance (CCT) is less than 30 mL/min, is 
1 mg/kg/day. It is advisable to maintain peak antifactor Xa 
levels between 0.5 U/mL and 1 U/mL (measured 3 h to 4 h 
after the enoxaparin dose). In pregnant or obese patients, it is 
recommended to keep the trough levels between 0.2 U/mL and 
0.4 U/mL (measured 12 h after dosing), and less than 0.2 U/mL 
(measured 24 h after the enoxaparin dose) (1-4). However, 
there are no recommendations for trough antifactor Xa in 
patients with a CCT of less than 30 mL/min. 

The objectives of the present study were to determine 
whether there was an increased risk of bleeding with enoxaparin 
in patients with a CCT of less than 30 mL/min, the correlation 
between bleeding and antifactor Xa levels, and whether the 
enoxaparin dose in patients with a CCT of less than 30 mL/min 
was correct or needed adjustment as per the antifactor Xa 
levels.

Methods
Patients with a CCT of less than 30 mL/min who were given 
enoxaparin 1 mg/kg/day for obvious indications such as non-ST 

elevation myocardial infarction, venous thromboembolism or 
any other cause were included. Patients were excluded if they 
had received previous warfarin anticoagulation with or without 
LMWH within the previous two weeks. 

Blood was collected for measurement of antifactor Xa levels 
(peak and trough) following three doses (days) of enoxaparin. 
The peak antifactor Xa levels were measured 4 h after the third 
enoxaparin dose, and the trough levels of antifactor Xa were 
measured 12 h and 24 h after the third enoxaparin dose. 

Subgroup analysis was performed for patients with a CCT of 
less than 15 mL/min and a CCT between 15 mL/min and 
30 mL/min to determine whether there was a difference in the 
levels of antifactor Xa. There were six patients in each group. A 
dedicated laboratory technician was assigned to take blood from 
these patients and transport it to the laboratory to prevent the 
activation of the coagulation cascade. Basic demographic data, 
including age, sex, race, diagnosis and creatinine values, were 
assessed at baseline. CCT was calculated using the Cockcroft-
Gault equation (1). The adverse events (bleeding) were mon-
itored. Domain-specific review board (ethics committee) 
approval was obtained before the present study. Written 
informed consent was obtained from each patient. 

statistical analysis
The peak and trough values of antifactor Xa of enoxaparin at 
4 h, 12 h and 24 h were analyzed using the χ2 test or Fisher’s 
exact test to determine whether there were any statistically 
significant differences at each time point. Data analysis was 
performed using Stata version 10.2 (StataCorp, USA). The 
level of significance was set at 5%.
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AIM: To assess whether there was an increased risk of bleeding with 
enoxaparin in patients with a creatinine clearance (CCT) of less than 
30 mL/min. 
Methods: Patients with a CCT of less than 30 mL/min who were 
given enoxaparin 1 mg/kg/day were included. Antifactor Xa levels 
(peak and trough) were measured after three doses (days) of 
enoxaparin. The peak antifactor Xa levels were measured 4 h after 
the third enoxaparin dose, and the trough levels of antifactor Xa 
were measured 12 h and 24 h after the third enoxaparin dose. Basic 
demographic data such as age, sex, race, diagnosis and creatinine 
values were assessed at baseline. Adverse events were monitored and 

recorded. Domain-specific review board approval was obtained before 
the present study began. 
ResuLts: A total of 15 patients were recruited for the present study. 
Three patients dropped out of the study; therefore, 12 patients were 
analyzed. The mean age of the 12 patients was 69.25 years (range 41 to 
89 years). There were six men and an equal number of women. There 
were eight Chinese patients, three Malay patients and one Indian 
patient. The indication for anticoagulation was deep vein thrombosis 
in seven patients, non-ST elevation myocardial infarction in four 
patients and atrial fibrillation in one patient. There were no adverse 
events noted in any patient. 
ConCLusIon: It is safe to administer enoxaparin once a day to 
patients with renal impairment and a CCT of less than 30 mL/min.
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ResuLts
A total of 15 patients were recruited for the present study. 
Three patients dropped out of the study after giving consent 
because they refused to give any blood for the study. In total, 
12 patients were analyzed. Demographic data and clinical char-
acteristics are provided in Table 1.

The peak antifactor Xa in all patients was noted to be either 
normal or subnormal, but not high. This may have been the 
reason that adverse events, such as bleeding, were not noted. In 
patients with a CCT of less than 15 mL/min, the peak anti-
factor Xa levels were within the therapeutic range; however, in 
patients with a CCT between 15 mL/min and 30 mL/min, the 
peak antifactor Xa levels were in the subtherapeutic range. The 
trough levels were in the subtherapeutic range in both sub-
groups (Figure 1).

dIsCussIon
Peak antifactor Xa monitoring is a blood test recommended for 
patients who are on LMWH and who have renal impairment 
(CCT of less than 30 mL/min), pulmonary embolism, are preg-
nant, or are obese with a weight of more than 150 kg (2-5). 
LMWH blocks factor X on the intrinsic coagulation pathway 
compared with unfractionated heparin, which blocks factor 2. 
The assessment of antifactor Xa is, therefore, more specific 
than partial thromboplastin time when patients are given 
LMWH (6).

It is recommended in patients with a CCT of less than 
30 mL/min to reduce the enoxaparin dose from 1 mg/kg twice 
a day to 1 mg/kg/day to avoid accumulation of LMWH (7-9). 
There are data to suggest that, in patients with a CCT of less 
than 30 mL/min, there is a two- to threefold increased risk of 
bleeding. Our data showed that peak antifactor Xa remained 
within the normal or subtherapeutic range in the present group 
of patients on enoxaparin; this might be the reason that none 
of the patients had bleeding. 

It is recommended to maintain peak antifactor Xa levels 
between 0.5 U/mL and 1 U/mL (measured 3 h to 4 h after the 
enoxaparin dose). In elderly patients, monitoring antifactor Xa 
levels is still controversial. However, in elderly patients with 
decreased body weight, the role of antifactor Xa should be 
monitored (2-5,10,11).

In our group of patients, when the CCT was less than 
15 mL/min, the peak antifactor Xa levels were within the 

therapeutic range in all patients. When the CCT was between 
15 mL/min and 30 mL/min, the peak antifactor Xa levels were 
within the therapeutic range in only 40% of the patients. In 
60% of the patients, the peak antifactor Xa levels were 
subtherapeutic.

In pregnant or obese patients, it is recommended to keep 
the trough levels between 0.2 U/mL and 0.4 U/mL (measured 
12 h after dosing), and less than 0.2 U/mL (measured 24 h after 
the enoxaparin dose) (2-5). However, there are no recommen-
dations for trough antifactor Xa in patients with a CCT of less 
than 30 mL/min. When compared with the trough levels rec-
ommended for pregnant or obese patients, the trough levels of 
antifactor Xa when CCT was less than 15 mL/min were thera-
peutic in only 50% of the patients at 12 h and 80% at 24 h. 
When the CCT was between 15 mL/min and 30 mL/min, the 
trough levels of antifactor Xa were therapeutic in only 20% of 
the patients at 12 h and 50% at 24 h.

Limitations of the present study
The number of patients was limited in the present study. This 
was for the two following reasons: the present study is a pilot 
study and, therefore, we wanted some preliminary data before 
analyzing these parameters in a larger group; and budget con-
straints. The cost of a single blood test in the laboratory is 
150 Singapore dollars. Each patient required three blood tests 
and a dedicated laboratory technician to collect and transport 
blood, which was an additional cost.

strengths of the study
The present prospective pilot study examined both peak and 
trough levels of antifactor Xa in patients with a CCT of less 
than 30 mL/min. The number of patients recruited was planned 
before the study; there were no deviations from the protocol. A 
dedicated laboratory technician collected blood and trans-
ported it to the laboratory to avoid activation of the coagula-
tion cascade. 

ConCLusIon 
It is safe to administer enoxaparin once a day to patients with 
a CCT of less than 30 mL/min. In patients with a CCT of less 
than 30 mL/min on enoxaparin, the peak antifactor Xa values 
were not high, nor was there an increased risk of bleeding. The 
peak and trough levels were low, particularly in the subgroup of 
patients with a CCT between 15 mL/min and 30 mL/min. An 
increased dose of enoxaparin may improve antifactor Xa levels 

TablE 1
Demographic data and clinical characteristics (n=12)
Mean age (range), years 69.25 (41–89)
Sex, n

Male 6
Female 6

Ethnicity, n
Chinese 8
Malay 3
Indian 1

Indication for anticoagulation, n
Deep vein thrombosis 7
Non-ST elevation myocardial infarction 4
Atrial fibrillation 1

Adverse events Nil
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Figure 1) Percentage of antifactor Xa levels falling within the opti-
mal range. CCT Creatinine clearance in mL/min
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in this group of patients. However, further studies are needed to 
explore this option.
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