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Activated partial thromboplastin time monitoring in patients
receiving unfractionated heparin for venous thromboembolism

in relation to clinical outcomes
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Summary

Venous thromboembolism (VTE) is a prevalent and serious con-
dition, which requires anticoagulation treatment for prolonged
time duration. The use of unfractionated heparin administered
intravenously or subcutaneously for acute management of VTE
has been studied with favourable clinical results. Most physicians
use activated partial thromboplastin time to monitor the treat-
ment effect, in an effort to obtain better efficacy with less bleed-
ing complications. Recent data however does not support this
practice. We set to explore the medical literature for the cor-
relation between the level of anticoagulation and the clinical
outcomes. Randomised controlled trials comparing subcu-
taneous unfractionated heparin to any other treatment moda-
lity in patients with venous thromboembolism were obtained
and a meta-analysis was performed. Seventeen reports from |5
randomised controlled trials were included. Of these, eleven in-
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cluded anticoagulation measurements. Seven and six trials were
included in our analysis for subcutaneous and intravenous
modes of administration, respectively. No correlation between
the anticoagulation level and the major clinical outcomes were
found, except for the initial anticoagulation measurement and
the total mortality at three months, but not to death related to
treatment or disease progression. In conclusion, weight-ad-
justed subcutaneous unfractionated heparin without anticoagu-
lation monitoring may be feasible for patients with acute venous
thromboembolism. No differences exist between intravenous
and subcutaneous modes of administration with regards to the
correlation between anticoagulant measures and the clinical
outcomes. More research is needed to substantiate this obser-
vation.
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Introduction

Venous thromboembolism is a prevalent condition. Deep-vein
thrombosis (DVT) and pulmonary embolism (PE) are usually
treated with a minimum of five days of heparin, either unfrac-
tionated (UFH) of low-molecular weight (LMWH), concur-
rently with a vitamin K antagonist dose titration. Although
LMWH has largely replaced UFH in the setting of acute venous
thromboembolism treatment, many patients do not benefit from
its use due to increased risk for low-molecular weight heparin in-
duced complications, the most important of which is increased
risk of bleeding in the elderly population and in patients with
renal failure.

UFH has two preferred modes of administration — a continu-
ous intravenous (IV) and an intermittent subcutaneous (SC)

mode. Pharmacokinetic analyses demonstrate difficulties in at-
taining early laboratory anticoagulation goals with SC UFH ad-
ministration (1). Nevertheless, it has been evaluated in the set-
ting of VTE due to the ease of its application, early mobilisation
and discharge, and presumably less line related complications.
UFH administration requires monitoring of the activated partial
thromboplastin time (aPTT). Its use in the setting of the initial
treatment for VTE may be complicated by bleeding or recurrent
PE. Assuring the level of anticoagulation is presumed to reduce
the risks of these complications. Specifically, in certain clinical
situations in which a tendency towards any of these complication
exists (e.g. old age, female sex, pregnancy or coexisting dis-
eases) (2, 3), monitoring may be perceived as crucial. The pur-
pose of the current analysis was to assess the need for aPTT
monitoring in patients treated with SC UFH for VTE by system-
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atically reviewing the medical literature and evaluating the as-
sociation between aPTT levels and the clinical outcomes. This
correlation was compared to the correlation gained in patients
receiving [V UFH.

Materials and methods

The full description of the methodology of this study is described
elsewhere (4). In short, we searched MEDLINE, The Cochrane
Peripheral Vascular Diseases Group Specialised Register and the
Cochrane Central Register of Controlled Trials (CENTRAL) in
The Cochrane Library (until April 2009), to identify trials com-
paring SC UFH to other treatment modalities for the treatment of
VTE. We also searched databases for ongoing trials: Current
Controlled Trials, UK National Research Register, Center Watch
Clinical Trials Listing Service and National Institute of Health.
We tried to identify additional studies by searching the reference
lists of relevant trials and reviews identified. The authors of pub-
lished trials and experts in the field were contacted for further
leads and clarifications. Search for identification of studies was
not restricted by language or duration of follow-up. Two re-
viewers independently scanned the titles, abstract sections and
keywords of every record retrieved. Full articles were retrieved
for further assessment if the information given suggested that the
study fulfilled the inclusion criteria and did not meet the exclu-
sion criteria. Differences in opinion were resolved through open
discussion.

The quality of randomised clinical trials (RCTs) was as-
sessed with quality criteria specified by Schulz and by Jadad (5,
6): minimisation of selection bias, performance bias, attrition
bias and detection bias. Based on these criteria, RCTs were
broadly subdivided into the following three categories: (A) all
quality criteria met: low risk of bias; (B) one or more of the
quality criteria only partly met: moderate risk of bias; and (C)
one or more criteria not met: high risk of bias.

In the analysis reported here, we extracted the ,,initial“ (with-
in 48 hours of treatment) and the ,,maintenance* (last measure
taken, at least over 48 hours from treatment initiation, or the
mean of measures, when available) values of anti-coagulation
tests from the trials identified. We assessed the correlation be-
tween these parameters and the clinical outcomes for patients re-
ceiving SC UFH (DVT resolution at the end of heparin treat-
ment, recurrent DVT at three months, new PE during heparin
treatment and at three month, new PE at routine lung scan at the
end of heparin treatment, major or minor bleeding during hepa-
rin treatment and at three months, as well as total death and VTE
related death during heparin treatment and at three months). We
also looked at these correlations for patients receiving IV UFH.
The results were analysed with the surveylogistic procedure.
This procedure fits linear logistic regression models for discrete
response survey data by the method of maximum likelihood. The
maximum likelihood estimation was carried out with the Fisher-
scoring (7). The statistical analyses were performed on SAS sys-
tem version 9.2 (SAS, Cary, NC, USA). We also looked into the
impact of therapeutic versus non-therapeutic aPTT values and
the clinical outcomes, applying the Inverse Variance method in
order to calculate the Odds Ratio between the two groups. We
performed these analyses using Review Manager (RevMan) Ver-

sion 5.0 (Copenhagen: Nordic Cochrane Centre, Cochrane Col-
laboration, 2008).

Results

Trials identified

The initial search identified 578 (MEDLINE) and 285 (Coch-
rane Peripheral Vascular Disease Group Specialised Register and
CENTRAL) records. From these, 24 full papers were identified
for further examination. Search through reference lists of these
studies and reviews yielded 11 additional papers for full text
evaluation. A search through ongoing trials databases and con-
tact-authors queries revealed no other eligible trials. The Kappa
statistic for the inter-rater agreement for study selection, that is
qualifying a study as 'included' or 'potentially’ relevant, was
0.639. After screening the full text of the selected papers, 17 pub-
lications from 15 RCTs finally met the inclusion criteria.

Eleven studies reported anti-coagulation measures. In eight
of the included studies, the anticoagulant effect of SC UFH treat-
ment during the initial 48 hours of treatment was reported
(8-15). The anticoagulant effect after stabilisation of treatment
(,,maintenance®) was measured in nine trials (8, 10-12, 14—18).
Of these, one measured anti-Xa activity (11), and one reported
the aPTT ratio (14). Two additional studies reported their find-
ings in a manner that did not allow their integration into the meta-
regression model (9, 18). These four trials were thus disqual-
ified. SC UFH was compared to IV UFH in six of the trials in-
cluded in the analysis, and to LMWH in one (12). The latter was
therefore omitted from the analysis of IV UFH treatment moni-
toring (Characteristics of included studies are given in Table 1
and Table 2).

All trials included patients with deep venous thrombosis.
Three trials allowed for patients with PE in their inclusion crite-
ria (8,9, 18). Three trials excluded patients with PE (10-12), and
one trial excluded patients with massive PE (8). In the remaining
trials, PE inclusion was not clearly described. Intervention
groups within studies did not differ significantly.

Only two trials utilised a double-blind design (11, 13). Inten-
tion to treat was reported by one author (9). Blinding of outcome
assessors was adequately described in four studies (8, 9, 14, 18),
and only partly described in three (10, 11, 17).

Outcomes
A total of 444 and 408 patients receiving SC and IV UFH, re-
spectively, were included in the meta-regression analysis.

For patients receiving SC or IV UFH no correlation was
found between aPTT and the rates of recurrent DVT at three
months, or the rates of new clinical PE during heparin treatment
and three months follow-up. The correlation was also non-sig-
nificant for major bleeding and deaths related to treatment or
VTE during heparin treatment. However, a significant cor-
relation between the maintenance aPTT value and the resolution
of thrombus per imaging at the end of heparin treatment was
found for SC and for IV UFH treatments (Chi’>=14.61,
p<0.0001, and Chi*>=4.90, p=0.0268, respectively). We also
found significant correlation between the initial aPTT and the
rate of minor bleeding during SC or IV heparin treatment
(Chi*=15.42, p<0.001 and Chi*>=9.31, p=0.0023, respectively).
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Table |I: Study characteristics.

Study Control Number of Duration of inte- | SC UFH regimen Duration of | Language | Quality
participants vention follow-up of pub-
SCUFH | Control lication

Anderson 1982 | IV UFH 72 69 5 days to INR target | IV UFH bolus followed by SC | Acute phase English C
UFH BID, aPTT adjusted

Bentley 1980 IV UFH 50 50 7 days to INR target | SC UFH 40,0001U/day followed| Acute phase English C
by BID aPTT adjusted dose

Doyle 1987 IV UFH 51 52 10 days SC UFH 15,000IU followed by | 12 months English C
BID aPTT adjusted dose

Holm 1986 SC LMWH 27 29 7 days IV UFH continuous for 24 7 days English C
hours followed by SC UFH
10,000-15,0001U BID, aPTT
adjusted

Hull 1986 IV UFH 57 58 10 days IV UFH 5,0001U followed by 3 months English B
SC UFH 15,000 BID, aPTT
adjusted

Kearon 2006 SCLMWH | 355 353 5 days to INR target | SC UFH 333IU/kg followed by | 3 months English C
2501U/kg BID

Lopaciuk 1990 | IV UFH 48 46 7 days IV UFH 5,0001U, followed by | 3 months Polish C
SC UFH 5001U/kg/day BID,
aPTT adjusted

Lopaciuk 1992 | SCLMWH | 72 74 10 days IV UFH 5,0001U, followed by | 3 months English C
SC UFH 2501U/kg BID, aPTT
adjusted

Peternel 2002 SC LMWH 28 31 To INR tagert IV UFH bolus, followed by SC | 3 months English C
UFH BID/TID, aPTT adjusted

Pini 1990 IV UFH 138 133 7 days SC UFH 2501U/kg BID 7 days English C

Prandoni 2004 | SCLMWH | 360 360 5 days to INR target | IV UFH 4,000-5,000IU fol- 3 months English C
lowed by SC UFH BID, aPTT
adjusted

UFH, unfractionated heparin; SC, subcutaneous; |V, intravenous; BID,twice daily; TID, thrice daily; IU,international units.

Table 2: Anticoagulation
measures within 48 hours
of heparin initiation, and
after stabilisation of anti-
coagulant measures.

Study Subcutaneuos unfractionated heparin Intravenuos unfractionated heparin
Initial anticoagu- Maintenance Initial Maintenance
lation (Mean, SD) anticoagulation anticoagulation anticoagulation

(Mean, SD) (Mean, SD) (Mean, SD)

Anderson 9824 79 (38) 71 (30)

Bentley 19802 94 (40) 112 (58)

Doyle 19874 53(10.7) 63 (14.2) 46 (17.8) 57 (21.4)

Holm 1986° 0.58 (0.07) 0.52 (0.18)

Hull 19864 54.8 (36.4) 71 (36.4)

Kearon 2006 Mean and standard deviation not reported

Lopaciuk 19904 65 (38) 64 (28) 78 (32) 82 (36)

Lopaciuk 1992* 1.9 (0.8) 2.3(0.8)

Peternel 20024 94.1 (51.1) 105.1 (55.6)

Pini 19904 37(11.7) 47 (58.7) 42 (34.5) 50 (46)

Prandoni 2004

Mean and standard devi

ation not reported

A= aPTT(seconds); "= anti Xa activity.*= aPTT ratio. SD, standard deviation.
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Maintenance anticoagulation non-therapeutic (<60 sec)

z 132 100.0%

196 [0.35, 10 84]

Outcome SC UFH IV UFH
Correlation to | Correlation to | Correlation to | Correlation to
initial aPTT maintenance initial aPTT maintenance

aPTT aPTT

Recurrent DVT at 3 months NS NA NS NA

New clinical PE during heparin treat- | NS NS NS NS

ment

New clinical PE at 3 months NS NS NS NA

DVT resolution (partial or full) at the | NS p<0.000/ NS p=0.0268

end of heparin treatment

Major bleeding during heparin treat- NS NS NS NS

ment

Major bleeding during 3 months NA NA NA NA

Minor bleeding during heparin treat- $<0.001 p=0.0132 $=0.0023 NS

ment

Minor bleeding during 3 months NA NA NA NA

Total death during heparin treatment | NS NS NS NS

Total death during 3 months p=0.002 NA p=0.0035 $=0.0002

VTE/bleeding related death during he- | NS NS NS NS

parin treatment

VTE/bleeding related death during 3 NS NA NS NS

months

NS, non-significant; NA, not applicable to statistical consideration.

SCUFH IV UFH Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Fixed, 85%Cl IV, Fixed, 95% CI
Initial anticoagulation therapeutic (=60 sec)
Lopaciuk 1950 1 4 1 46 1000%  0.96 .06, 15.77]
Subtotal (5% CI) 4 4 1000% 096 [0.08, 15.77]
Total events 1 1
Initial anticoagulation non-therapeutic (<50 sec)
Pini 1550 4 1m T 133 10008 196 [0.35, 10.86] __t
Subtotal #5% Cly 138 133 1000% 156 [0.35, 10.86]
Total events 4 2
Maintenance anticoagulation therapeutic (>60 sec)
Andersson 1952 1 7 1 6 S0.2%  0.96 [0.06, 1562
Doyle 1987 0 0 st Mot estimable
Lopaciuk 1550 1 4 1 46 458t 0.96 [0.06,15.77]
Subtotal (#5% Cl) 171 167 1000% 096 [0.13, 6.92]
Total events z 2

Pini 1330 4 138
Subtotal ($5% CI) 138
Total events 4

Test for subaroun differences: Chi® =048, df =2 P =052, F =08

133 1000%

196 [0.35, 10.36]

I 1 : '
I T T 1
0.01 01 1 10 100

Favours SC UFH Favours IV UFH
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tween aPTT and clinical
outcomes.

Figure I: New clinical pul-
monary embolism during
subcutaneous unfraction-
ated heparin treatment,
subgrouped according to
aPTT levels.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight IV, Fixed, 95%Cl IV, Fized, 95% Cl

Initial anticoagulation therapeutic (=60 sec)

Lopaciuk 1950 1 £ 1 46 10008  D.96 [0.06,15.77)

Subtotal (5% CI) L 46 1000% 096 [0.06,15.77]

Total events 1 1

Initial anticoagulation non-therapeutic (<60 sec)

Pini 1950 4 138 T 133 10008 196 (0.35,10.84) ]

Subtotal (95% CI) 138 193 1000% 196 [0.35,10.36)

Total events 4 H

Maintenance anticoagulation therapeutic (40 sec)

Andersson 1982 1 72 1 6 50.2%0 0.9 .06, 15.62)

Lopaciuk 1950 1 a8 1 46 49800 0.9 D06, 15.77)

Subtotal (#5% Cl) 120 115 1000% 026 013, 6.82]

Total events H H

Maintenance anticoagulation non-therapeutic (=60 sec)

Doyle 1957 0 51 0 5t Mot estimable

Pini 1950 4 138 T 133 100000 186 (0.35,10.36) _t

Subtotal (95% CI) 139 185 1000% 196 [0.35,10.36]

Total events 4 H
Figure 2: New clinical pul-
monary embolism during : : t |
. f . d 0.01 01 1 10 100
intravenous unfractionate . Favours experimental Favours control
heparin, subgrouped ac- Test for subaroun differences: Chi® =048, df =3P =052, F =08
cording to aPTT levels.

The correlation between the maintenance aPTT and the rate of
minor bleeding was only significant in patients receiving SC
UFH (Chi*=6.14, p=0.0132). Correlations between the rate of
total deaths (not confined to VTE or treatment) at three months
follow-up and aPTT measures were significant for both treat-
ments.

The trials that were not included in the analysis showed con-
flicting results. Kearon et al. (18) reported 39 patients with sub-
therapeutic aPTT levels and 121 patients with aPTT levels above
the desired range, out of a cohort of 345 patients in the SC UFH
group. The measures were taken at a mean of 2.8 days after treat-
ment initiation, and had no influence on the rates of recurrent
VTE at three months or major bleeding at 10 days. On the other
hand, Prandoni et al. (9) reported that among patients allocated to
the SC UFH group, recurrent VTE occurred in 2.7% of the pa-
tients reaching aPTT threshold >50 seconds within 24 hours,
compared to 8.2% in patients who did not reach the desired anti-
coagulation threshold (p=0.02). In the remaining two trials (11,
14) the direct influence of the level of anticoagulation on the
clinical outcomes was not reported.

The correlations between the initial aPTT or the maintenance
aPTT with the clinical outcomes, are given in Table 3.

A subgroup analysis of the major outcomes according to
whether or not the initial and the maintenance aPTT were with-
in the desired limits or not, showed no substantial effect of this
parameter on the outcomes. Figures 1—4 illustrate the rate of new
clinical pulmonary embolism during subcutaneous (Fig. 1) and
intravenous (Fig. 2) unfractionated heparin treatment, and the

rate of major bleeding during subcutaneous (Fig. 3) and intra-
venous (Fig. 4) unfractionated heparin treatment, subgrouped
according to initial and maintenance aPTT levels. Interaction
tests between these subgroups for these clinical outcomes, as
well as for all other major clinical outcomes, were non-signifi-
cant.

Discussion

Venous thromboembolism is a serious clinical syndrome with
potentially dire consequences. Its treatment with unfractionated
heparin has been hindered by the relative complexity of continu-
ous IV treatment and the necessity to monitor the anticoagulant
effect. Nevertheless some patients mandate unfractionated hepa-
rin treatment due to relative contraindications to alternative
treatment protocols.

In our present analysis, aPTT determined during the initial
phase of heparin treatment, which reflects the pace by which
anticoagulation is achieved, had no significant impact on most of
the clinically important parameters. The correlation between this
measure and the rate of minor bleeding during heparin treatment
is of borderline significance after correcting for the multiple
comparisons executed in this study, and its clinical importance is
doubtful. The correlation between initial aPTT and total mortal-
ity at three months was also statistically significant, but the lack
of correlation between the aPTT values at the beginning of hepa-
rin treatment and death related to treatment or disease propa-
gation makes this observation clinically questionable. We also
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SC UFH

IV UFH

Odds Ratio

Odds Ratio
I, Fixed, 95% Cl

Study or Subgroup  Events Total Events Total Weight IV, Fixed, 85%Cl
Initial anticoagulation therapeutic (=60 sec)
Lopaciuk 1550 1 43 0 46 1000% 294 [0.12, 73.95]
Subtotal (#5% Cl) @ 4% 1000%  284[042, ¥355]
Total events 1 0
Initial anticoagulation non-therapeutic (<60 sec)
Dovyle 1587 4 51 2 52 BA% 243 [0.37,12.16]
Hull 1586 H 57 2 58 18.24% 1.02 [0.14, 7.451
Pini 1950 5 138 ? 133 5754 0.52 [0.17, 1.59]
Subtotal #5% Cl) 24 28 100.0% 032 [0.35, 193]
Total events 1 13
Maintenance anticoagulation therapeutic (>60 sec)
Andersson 1ss2 H 7t 2 & 5.1 0.96 [0.13, 6,991
Bentley 1980 H 50 4 50 3244 0.4 [0.08, 2.74]
Dovyle 1537 4 51 2 52 3n7% 243 0.37,12.16)
Lopaciuk 1590 1 43 0 4% 9500 294042, 7395
Subtotal ¢5% Cl) 221 217 1000% 130 [0.41, 289]
Total events 2 8

+Maintenance anticoagulation non-therapeutic (<60 sec)
Pini 1950 5 138 $ 133 100.0% 0.52 0.17, 1.551
Subtotal (95% Cl) 138 133 1000% 052 [0.17,159]

Total events 5 g

Test for subaroun differences: Chi* =158, df =3 (P =0.48). F=0%

Figure 3: Major bleeding
during subcutaneous un-
fractionated heparin treat-
ment, subgrouped accord-
ing to aPTT levels.

1 1 Il |

:J.n.l 0?1 1 1|n 1rmI
Favours SC UFH Favours IV UFH

found the maintenance aPTT to have an impact on the rate of
thrombus resolution according to imaging modalities. While this
may be true, the impact of thrombus resolution at 10 days has not
proved to play arole in the clinical outcome of patients (recurrent
DVT or PE during and after heparin treatment).

Interestingly, no clinically significant differences in out-
comes were noted, regardless of the route of UFH adminis-
tration. This finding may imply SC UFH to be as efficacious as
UFH. This may also imply that aPTT targeted therapy in both SC
or IV administrations may not be the only determinants for suc-
cessful outcomes.

A meta-analysis of randomised controlled trials comparing
SC UFH to other treatment modalities in the setting of VTE, has
found no significant differences in clinical outcomes (4). In 15
randomised controlled trials with a total of 1475 patients in the
intervention group and 1579 patients in the control group, the re-
sults for all the major outcomes were statistically non-signifi-
cant. The odds ratio (OR) for recurrent deep vein thrombosis
(DVT) or pulmonary embolism (PE) during three months fol-
low-up was 1.68 (95% confidence interval (CI) 0.92 to 3.04) and
1.18 (95% CI 0.54-2.56) in favor of the control arm. The odds
ratio for developing PE during heparin treatment was not signifi-
cant (OR 1.10, 95% CI 0.46-2.62), as were the ORs for major

bleeding during heparin treatment and during three months fol-
low-up (0.96, 95% CI 0.56 to 1.64, and 0.66, 95% CI 0.33 to
1.32, respectively). The risk difference for disease or treatment
related deaths during heparin treatment and at three months fol-
low-up were 0.0 (95% CI of —0.01 to 0.01). Total deaths did not
differ between study groups. These non-significant differences
were maintained when comparing the SC route to either SC
LMWH or IV UFH separately.

The optimal dosing for SC administration of UFH was tested
in several clinical trials. Kearon et al. (1) showed that weight ad-
justed regimen are appropriate, that heavier patients with in-
creased heparin doses were likely to achieve aPTT levels within
the desired range as were lighter patients, and that clinical out-
comes were the same despite difficulties in maintaining aPTT
levels within range. They advise a loading dose of 333U/kg fol-
lowed by 250U/kg twice daily. Further dose adjustments were
advised according to a monogram contemplated upon their data.
Kearon et al. also postulated that warfarin may have had a sig-
nificant effect on the aPTT results, and that a fixed dose SC UFH
regimen may also be appropriate. A multicentre randomised con-
trolled trial evaluating this assumption and regimen in a non-in-
feriority trial against SC LMWH, randomised 709 patients with
acute VTE (18). No differences in the clinical outcomes between
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SC UFH
Study or Subgroup

Hull 1524 H 57
Lopaciuk 1550 1 48
Subtotal (95% CI) 105
Total events 3

Doyle 1987 4 51
Pini 1350 5 138
Subtotal (¢5% CI} 3¢
Total events 2

Andersson 158z T 7z
Bentley 1980 z 50
Lopaciuk 1550 1 43
Subtotal (#5% Cl) 1

Total events 5

Doyle 1987 4 51
Pini 1550 5 138
Subtotal (#5% Cl) 139
Total events ?

Figure 4: Major bleeding
during intravenous unfrac-
tionated heparin treat-
ment, subgrouped accord-

Initial anticoagulation therapeutic (60 sec)

Initial anticoagulation non-therapeutic (<60 sec)

Maintenance anticoagulation therapeutic (>60 sec)

Maintenance anticoagulation non-therapeutic (<60 sec)

IV UFH Odds Ratio Odds Ratio
Events Total Events Total Weight IV, Fixed, 95%Cl IV, Fixed, 5% Cl
58 7n3% 102 [0.44, 7.49]
0 4w 294012 7395 e
104 1000% 136 [0.25, 7.45] ‘-
z
T 52 B2 243 [0.37,12.18] —
9 133 708%  0.52[0.47,159] —il
185 1000% 0.3 [030,2.01] g
11
z 6 373% 096 013,699 —
4 50 48.5% 0.4 .08, .74 — &
0 46 14200 2941012, 7395
165 1000% 050 [0.24,2.70] B
3
: 52 .20 213 [0.37,12.16) — T
9 133 708% 052047159 ——
185 1000% 078 [0.30,2.01] <
1
; t + !
001 04 1 10 100
Favours SC UFH Favours IV UFH

Test for subaroun differences: Chi* =036, df =3 (P =055. F=0%

ing to aPTT levels.

the two groups were found (recurrent VTE, bleeding and death).
The lack of association between the aPTT measures and the
clinical outcomes was considered by the authors to show the lack
of necessity of this measure. The authors also showed their
regimen to be safe and effective in an outpatient setting.

A few limitations of our analysis are worth mentioning. As
mentioned above, we have performed multiple analyses in this
study. Testing for multiple comparisons results in considerably
more stringent threshold P-value for statistical significance (19).
This may hinder the significance of the results obtained in the
present analysis. It is also important to note that only seven of the
15 relevant trials were actually included in our analysis. Some of
the trials included were published three decades ago, and suffi-
cient information regarding anti-coagulation measures and some
of the clinical outcomes was lacking, thus some of the planned
analyses were not performed (Table 3). We also acknowledge the
fact that other relevant information may be attained from non-
RCTs, but these were excluded from our meta-analysis.

A recent review on the necessity for aPTT monitoring in pa-
tients receiving unfractionated heparin reassessed the data
underlying this widely accepted practice. They conclude the
clinical evidence to be weak and its clinical validity to be ques-

tionable. The aPTT test itself is also not well standardised, af-
fected by many pre-analytic variables (e.g. sample collection and
processing), analytic variables (e.g. reagent type), and biological
variables (e.g. coagulation factors and variables affecting hepa-
rin pharmacokinetics) (20). Other laboratory assays such as the
level of unfractionated heparin by either protamine titration or
anti-Xa assays may be more precise, but are not widely used.
Studies assessing the correlation between these assays and the
clinical outcomes at the end of heparin treatment, at 30 days and
at longer time duration are scarce.

The analysis presented here supports the hypothesis that sub-
cutaneous unfractionated heparin can be administered without
laboratory monitoring of its anti-coagulant effect. A formal RCT
challenging this hypothesis has already been performed (18),
and although the trial did not recruit enough patients to reach the
desired power, its results are also supportive of this paradigm. A
randomised clinical trial is needed to confirm our findings. If in-
deed the results of our analysis will be supported by further clini-
cal data, a safe and efficacious option to treat VTE patients with
relative contra-indications to LMWH in an out-patient setting
will become available.
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