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OBJECTIVE: To determine if epidural anesthesia after the subcutaneous injection of low-dose unfraction-
ated heparin (LDUH) in patients who undergo elective bowel surgery is safe with respect to hemorrhagic
complications.
DESIGN: A prospective cohort study.
SETTING: Two hospitals affiliated with the Université de Montréal.
PATIENTS: Fifty patients scheduled for elective bowel surgery. 
INTERVENTION: Subcutaneous injection of 5000 units of LDUH and elective surgery for colonic carci-
noma, chronic diverticulosis or inflammatory bowel disease.
MAIN OUTCOME MEASURES: Activated partial thromboplastin time (APTT), anti-IIa and anti-Xa heparin
levels measured before and 2 and 4 hours after injection of LDUH.
RESULTS: In no case was the heparin anti-IIa or anti-Xa level higher than 0.20 U/mL, which is considered
a significant detectable level of heparin. 
CONCLUSION: LDUH given subcutaneously is not associated with significant detectable heparin levels, so
epidural anesthesia should be safe when performed 2 hours after LDUH injection in patients who undergo
general abdominal surgery in the absence of any other impairment of hemostasis.

OBJECTIF : Déterminer si une anesthésie épidurale après une injection sous-cutanée d’héparine non frac-
tionnée à faible dose (HNFFD) chez les patients qui subissent une chirurgie intestinale élective ne pose pas
de risque de complications hémorragiques.
CONCEPTION : Étude prospective de cohortes.
CONTEXTE : Deux hôpitaux affiliés à l’Université de Montréal.
PATIENTS : Cinquante patients devant subir une chirurgie intestinale élective.
INTERVENTION : Injection sous-cutanée de 5000 unités de HNFFD et chirurgie élective justifiée par un
carcinome du colon, une diverticulose chronique ou une maladie intestinale inflammatoire.
PRINCIPALES MESURES DE RÉSULTATS : Temps de céphaline activée partielle (TCAP), niveaux d’héparine
anti-IIa et anti-Xa mesurés avant et deux et quatre heures après l’injection de HNFFD.
RÉSULTATS : Le niveau d’héparine anti-IIa ou anti-Xa n’a jamais été supérieur à 0,20 U/mL, qui est
considéré comme un niveau détectable significatif de l’héparine.
CONCLUSION : Comme l’administration sous-cutanée de HNFFD n’est pas associée à des niveaux détecta-
bles significatifs de l’héparine, une anesthésie épidurale devrait pouvoir être effectuée sans crainte deux
heures après une injection de HNFFD chez les patients qui doivent subir une chirurgie abdominale générale
en l’absence de tout autre problème lié à l’hémostase.
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Antithrombotic prophylaxis in
high-risk patient groups is the
most efficacious way to reduce

thromboembolic complications and
death rates secondary to pulmonary
embolism.1,2 The incidence of venous
thrombosis after general abdominal
surgery varies from 3% to 50%, depend-
ing on the objective diagnostic test
used.2 Relative risk reduction varies
from 45% to 82%, depending on the
method of thromboprophylaxis.2 The
most impressive trials, including over
4000 patients given 5000 units of low-
dose unfractionated heparin (LDUH)
subcutaneously for prophylaxis 2 hours
before surgery3,4 have demonstrated a
statistically significant reduction of the
relative risk of pulmonary embolism af-
ter general abdominal surgery. These
studies define the “gold standard”
method to be used for prophylaxis
during abdominal surgery.3–5 A meta-
analysis of 46 studies has demonstrated
a slightly increased rate of hemorrhagic
complications of 5.9% with standard
un- fractionated heparin prophylaxis
compared with 3.8% in a control
group.6 This difference is not statistically
significant and is outweighed by the im-
portant reduction in the death rate.

In recent years, epidural analgesia
has become increasingly popular,7,8

because of its advantages over conven-
tional methods of analgesia. These ad-
vantages include better pain control,9

benefits to the cardiovascular,10 pul-
monary10–12 and gastrointestinal sys-
tems,12 improved stress response13 and
immune function, and a decreased risk
of thromboembolism.11,14 A critical re-
view demonstrates that the relative
risk reduction of thromboembolism
with regional anesthesia compared
with general anesthesia is 50% lower
in patients who do not receive pro-
phylaxis.14 However, this observation
could not be extrapolated to patients
receiving prophylaxis.14

To comply with accepted guidelines
for subcutaneous heparin administra-
tion, the preoperative placement of the

epidural catheter frequently occurs
within 2 hours after the administration
of heparin, and many anesthesiologists
are concerned about possible hemor-
rhagic complications,15,16 particularly
spinal hematoma.17,18 Although the rate
of this devasting complication of epi-
dural anesthesia is probably around
1:100 000,19 the majority of reported
cases appear to be related to an under-
lying coagulation abnormality. More
recently, the increasing use of low-mol-
ecular-weight heparin (LMWH) as
thromboprophylaxis in high-risk ortho-
pedic surgery has been associated with
higher rate of spinal hematoma.20 Some
anesthesiologists recommend delaying
insertion of the catheter until 4 to 6
hours after the subcutaneous LMWH
injection on the basis of evidence that
therapeutic changes in coagulation are
restricted to the first 4 hours after he-
parin injection.21,22 However, this prac-
tice is inconsistent with that suggested
in large series in which the timing of
standard unfractionated heparin admin-
istration for optimal venous throm-
boembolism prophylaxis is 2 hours be-
fore general abdominal surgery.

Unfractionated heparin (UH) is a
large, complex polysaccharide that
forms a complex with antithrombin
III, itself a slow-acting α2-globulin
protease inhibitor in plasma. The
heparin-antithrombin III complex
binds to the activated clotting factors,
Factor IIa (thrombin), Factor Xa and
to a lesser extent Factors IXa, XIa and
XIIa, thereby blocking their actions.
Heparin-mediated inhibition of acti-
vated Factor Xa is particularly impor-
tant because of the key central posi-
tion that Factor X holds in the
coagulation cascade, which enables it
to generate thrombin through both
the intrinsic and extrinsic pathways.

Since several studies22,23 have demon-
strated a good correlation among the in-
tensity of anticoagulation therapy, he-
parin levels as defined by antithrombin
(anti-IIa) activity and hemorrhagic com-
plications, we hypothesize that epidural

anesthesia after subcutaneous LDUH
administration may be safe if these coag-
ulation parameters are not significantly
modified.23 To support this hypothesis,
we assessed 50 patients who underwent
elective bowel surgery for which 5000
U of LDUH was injected subcuta-
neously. Activated partial thromboplas-
tin time (APTT), anti-IIa and anti-Xa
were assayed for heparin activity before,
and 2 and 4 hours after injection.

PATIENTS AND METHODS

Patients

Any of a consecutive group of pa-
tients who underwent elective bowel
surgery for carcinoma of the colon,
chronic diverticulosis or inflammatory
bowel disease were eligible for inclu-
sion in the study until 50 patients were
enrolled. Patients were excluded for
any of the following: refusal to give in-
formed consent, presence of a known
coagulopathy, required heparin ther-
apy, previous use of oral anticoagulants
or concomitant use of antiplatelet
agents. These patients did not have an
epidural catheter placed. Informed
consent was obtained for all patients.

Samples

Citrated blood samples were ob-
tained before the injection of 5000
units of standard UH (Leo Labora-
tories Canada, Ajax, Ont.), given 2
hours before surgery, and at 2 hours
and 4 hours after the injection.
Platelet-poor plasma was obtained af-
ter centrifugation at 2500 × g for 20
minutes. Aliquots were kept at –80 °C
until assayed.

APTT, anti-IIa and anti-Xa

The APTT assays were performed
using commercial reagents (DADE
FSL cephalin or DADE FS, Baxter Di-
agnostic, Deerfield, Ill.) on an Auto-
mate ACL 300 (Instrumentation Lab-
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oratory, Coulter Electronics, Miami,
Fla.). Anti-IIa and anti-Xa activity was
determined by amidolytic assays using
the same instruments. The anti-Xa
assay utilized CBS.3139 specific syn-
thetic chromogenic substrate and
bovine factor Xa (Diagnostic Stago,
Asnières, France).24 Chromogenic
substrate and purified human throm-
bin (Instrumentation Laboratory)
were used in the anti-IIa activity assay
system.25 The rate of amidolysis of
chromogenic substrate was recorded
at 405 nmol/L, and results were ex-
pressed as anti-IIa or anti-Xa U/mL.
Calibration curves were constructed
for each assay using a pool of platelet-
poor plasma collected from healthy
volunteers. The lowest sensitivities of
both assays were 0.10 U/mL. All
samples were analysed in duplicate.

Statistical analysis

The results of heparin measure-
ment assays (APTT, anti-IIa, anti-Xa)
are expressed as means (and standard
deviations); 99% confidence intervals
were also calculated. Analysis of vari-
ance was used to test the difference
between pre-heparin and post-heparin
injection.

RESULTS

Among the 50 patients enrolled, the
plasma of 2 patients demonstrated a
prolonged APTT (more than 34 s) be-
fore they received the LDUH. Table I
shows the initial APTT, anti-IIa and
anti-Xa measurements, as well as those
2 hours and 4 hours after heparin in-
jection. These results suggest that
LDUH does not to prolong the mean
APTT values significantly. However,
20% of the plasma samples demon-
strated an APTT above the normal
upper range (34 s) either at 2 hours
or at 4 hours after injection 
(Fig. 1). Even though anti-IIa and anti-
Xa levels were slightly elevated 2 and 4
hours after injection compared with the

preinjection measurement, with a
statistically significant difference (p <
0.05) (Table I), these levels were be-
low the true sensitivity range of the as-
say (Fig. 2). The plasma sample of 1 pa-
tient showed an anti-IIa level higher
than 0.10 U/mL at 2 hours after injec-
tion whereas in 8 patients the plasma
demonstrated anti-Xa levels higher

than 0.10 U/mL. Four patients had an
anti-Xa level between 0.15 and 0.20
U/mL at 2 hours after injection. The
plasma of 2 patients had an anti-Xa
level higher than 0.10 U/mL, and
none had an anti-IIa level higher than
0.10 U/mL at 4 hours (Figs. 2 and 3).
None of the plasma samples assayed
had a heparin level higher than the
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Table I
Mean (and Standard Deviation) Values and 99% Confidence Intervals (CI) for Activated Partial
Thromboplastin Time (APTT), Antigen-IIa (Anti-IIa) and Antigen-Xa (Anti-Xa) Activities Before
and After Heparin Injection

Measurement time

Hemorrhage risk factor Preheparin injection 2 h after injection 4 h after injection

APTT, s
  Mean (and SD) 27.6 (4.3) 30.5 (8.7) 29.5 (9.3)

  99% CI 26.0–29.26 27.3 – 33.7 26.1 – 32.9

Anti-IIa, U/mL
  Mean (and SD) 0.007 (0.010) 0.027 (0.030) 0.023 (0.025)

  99% CI 0.003 – 0.011 0.026 –.028 (0.014 – 0.032)

Anti-Xa, U/mL
  Mean (and SD) 0.006 (0.016) 0.061 (0.052) 0.036 (0.037)
  99% CI 0.001 – 0.011 0.059 – 0.063 0.035 – 0.037

FIG. I. The patient distribution (mean and standard deviation) of APTT before injection of heparin
(PRE), and at 2 and 4 hours after heparin injection.



0.20 U/mL (99% CI) cutoff consid-
ered as a significant detectable level.
There was no correlation among APTT
levels above the upper normal range
and the anti-IIa or anti-Xa levels. 

DISCUSSION

Subcutaneous LDUH has been
shown to provide efficacious throm-
boprophylaxis in general elective
surgery but to be inadequate in high-
risk groups such as patients undergo-
ing orthopedic surgery.2–5 The hemor-
rhagic risk associated with heparin
prophylaxis remains problematic,2,6,22,23

particularly for epidural anesthesia.
Previous data have shown a good cor-
relation between significant detectable
plasma heparin anti-Xa levels higher
than 0.20 U/mL and hemorrhagic
complications.23 In our study, 16% of
subjects had detectable heparin levels
above the sensitivity range of the amy-
dolytic functional anti-Xa assay 2
hours after the injection as did 4% of
patients in the 4-hour sample, but
none had heparin levels higher than
0.20 U/mL. The different sensitivi-
ties between IIa and Xa inhibition by
heparin-antithrombin III complex in
the diluted in vitro amydolytic assay
may account for the different data
shown.26,27 Similarly, with a more sen-
sitive plasma thrombin neutralization
assay, LDUH has shown low detect-
able levels compared with LMWH in
normal volunteers.26

Samples with a prolonged APTT
above the upper normal range did not
correlate with detectable heparin levels
above the sensitivity range of the amy-
dolytic assay. Therefore, the APTT
could not be used as a predictor of de-
tectable heparin levels. In addition, we
could not find any plasma factor defi-
ciency to account for this prolonged
APTT. All plasma exhibiting a pro-
longed APTT at 2 hours and 4 hours
was normal when analysed with a
cephalin APTT high phospholipid con-
tent (DADE FS) (data not shown),
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FIG. 3. The patient distribution (mean and standard deviation) of anti-Xa activity before injection of
heparin (PRE), and at 2 and 4 hours after heparin injection.

FIG. 2. The patient distribution (mean and standard deviation) of anti-IIa activity before heparin
injection (PRE), and at 2 and 4 hours after heparin injection.



suggesting a plasma inhibitor effect sim-
ilar to a lupus anticoagulant. Whether
anesthetic agents or other intraoperative
factors may exert a nonspecific inhibitor
effect on phospholipid-dependent co-
agulation systems, thus contributing to
the significant percentage of prolonged
plasma APTTs, needs further evalua-
tion. Our observations based on amy-
dolytic end-point anti-IIa or anti-Xa as-
say, both highly specific and sensitive
for heparin activity measurement, are
not in accord with those of studies re-
porting therapeutic changes in coagula-
tion after subcutaneous LDUH utiliz-
ing an anti-factor Xa clotting end-point
assay.28 In a similar fashion to the
APTT, a clotting end-point assay may
well be affected by several factors such
as a nonspecific inhibitor or variability
of a reagent sensitivity to heparin.29

Thus, recommendation to delay
epidural catheter insertion for at least 4
to 6 hours after LDUH injection ap-
pears to be inacurrate.20–22,30,31

The data show that none of the 50
patients had heparin levels above 0.20
U/ml (99% CI), so the expected risk
of hemorrhage during epidural anes-
thesia after the administration of
LDUH would be nearly negligible.
However, it remains that subcuta-
neous heparin administration may be a
contributory factor when associated
with other coagulopathies. In the only
2 cases of spinal hematoma reported
afterk the subcutaneous injection of
LDUH,17,18 we could clearly identify
other factors contributing to the hem-
orrhagic event (i.e., in the first case,
several puncture attempts with a large
16-gauge needle in an area treated pre-
viously with radiotherapy and, in the
second case, abnormal coagulation pa-
rameters preoperatively due to bile-
duct carcinoma). Still, given the low
incidence of spinal hematoma compli-
cating epidural anesthesia, a sufficiently
large clinical study to evaluate the
safety of spinal anesthesia after prophy-
lactic subcutanous injection of 5000
units of LDUH in general abdominal

surgery would appear infeasible. Our
study is an indirect way of demonstrat-
ing the safety of this clinical practice
that has become so popular.

CONCLUSIONS

Our findings indicate that subcuta-
neous injection of 5000 units of
LDUH injection in general abdomi-
nal surgery is not associated with co-
agulation hemorrhage. Unable to pos-
tulate a safety recommendation, we
are confident that epidural anesthesia
could be performed after 2 hours of
LDUH administration without a high
risk of hemorrhage in the absence of
other impairment of hemostasis.
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