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Abstract- Heparin has an unpredictable pharmacokinetics and the responses of individuals may vary
distinctly. Therefore, different dosing nomograms have been proposed. The aim of this study was to compare
two prevalent nomograms to adjust heparin doses in hospitalized patients with acute coronary syndrome.
One hundred and forty patients received heparin infusions based on one of two nomograms. Group 1 received
a bolus of 80 U/Kg/h and an initial infusion rate of 17 U/Kg/h. In the second group, a bolus of 60 U/Kg
(maximum of 4000 U) and an initial infusion rate of 12 U/Kg/h (maximum of 900U/h) was given. Activated
partial thromboplastin time (aPTT) was measured at the beginning and every 6 h for 48 hours. The rate of
heparin was changed according to each nomogram in order to maintain aPTT in the therapeutic level of 46-70
s. The time to pass threshold was on average 7.63+3.95 h for nomogram 1 and 11.05+4.41 h for the second
nomogram (P<0.001). At 48 hours, the proportion of patients in the therapeutic range in group 1 was higher
(72.86% vs 45.71%). The time patients stayed at the desired levels was significantly higher in nomogram 1
and they also required fewer heparin rate adjustments (3.41£1.55 vs 4.53+1.63). This study indicated that
using nomogram 1 facilitated a more rapid achievement of the therapeutic threshold, higher proportion of

patients in the therapeutic range for a longer time, and fewer changes of in the heparin rate.
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Introduction

Since it was found that anticoagulation can reduce
mortality in patients with pulmonary embolism, heparin
has been used significantly in the treatment of
thromboembolic diseases (1). Despite the striking
developments in antithrombotic therapy, unfractionated
heparin (UFH) retains a pivotal role in the prophylactic
treatment of many thrombotic disorders (2). In fact,
appropriate administration of UFH yields results that are
comparable to treatment with heparin derivatives in
terms of efficacy and safety (3). However, UFH has a
variable pharmacokinetics due in part to its tendency to
bind to endothelial cells, platelet factor 4, and platelets,
leading to unpredictable pharmacokinetic and
pharmacodynamic properties (4,5).

Because of variability in the responses of patients,
frequent monitoring is suggested during the course of
therapy. UFH therapy is most commonly monitored by
the activated partial thromboplastin time (aPTT), an

assay which reflects the ability of the heparin-
antithrombin complex to inhibit thrombin, factor X,, and
other coagulation enzymes in the intrinsic coagulation
pathway (2). The advantages of this test include its
relative inexpensiveness, wide availability, simple
performance, and rapid results (2).

Clinical experiences have revealed that patients with
subtherapeutic aPTT levels for more than 24 hours are
more likely to develop recurrent thromboembolism (6).
Also, it has been reported that patients with therapeutic
aPTT at 12 hours had the lowest rate of mortality at 30
days (7). In GUSTO IIb experience, patients with higher
aPTTs at 6 and 12 hours had higher rates of events such
as hemorrhage, re-infarction, and death (7). Nonetheless,
adequate anticoagulation is frequently not achieved,
either as a result of applying empirical dosing that does
not take heparin kinetics into account or because of
clinicians' wariness of possible hemorrhagic side effects
associated with elevated aPTT.

Since weight is the most important factor in
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determining the anticoagulant effect of heparin (8),
several different weight-based dosing nomograms have
been developed. It has been demonstrated that these
nomograms are safer than empirical dosing, and
implementing them causes patients to reach therapeutic
levels faster and with fewer rate adjustments (9,10).
Therefore, the standard of practice for administering
heparin is currently to employ a weight-based
nomogram which assures that patients will promptly
attain optimal levels of anticoagulation, thus decreasing
the probability of recurrent venous thromboembolism
without extra bleeding-risk (3).

Several different nomograms have been proposed to
achieve the therapeutic phase in a shorter period of time
(1,9). The aim of this study was to compare the efficacy
of two nomograms used widely in western hospitals to
adjust heparin doses in patients with acute coronary
syndrome (ACS) receiving a heparin infusion in the
Cardiac Care Unit (CCU).

Materials and Methods

After approval of the proposal by the ethical committee
of Shahid Sadoughi University of Medical Sciences, all

patients hospitalized in the CCU of a referral teaching
hospital requiring continuous intravenous infusion of
UFH for ACS were enrolled in this study. Written
informed consent was obtained from each patient prior
to initiation of heparin infusion and personal information
regarding patients remained confidential. The exclusion
criteria were age under 18, receiving thrombolytic
therapy in the past 7 days, active bleeding, a history of
heparin induced thrombocytopenia (HIT), and platelet
count less than 100 x 10%1. Patients who received
heparin for at least 48 hours and in whom the dosing
nomogram was followed closely were qualified for
inclusion in the analysis.

Prior to initiation of the study, the rationale and
implementation of the study was explained to the
nursing staff. Basic patient data were obtained before
infusion of heparin. After informed consent was
obtained, patients were randomized into two groups to
receive one of the two dosing nomograms. The first
nomogram was based on Raschke et al.’s (9) nomogram,
but considering our experience, we started at an initial
infusion rate of 17 U/kg (Table 1). The nomogram
proposed by Hochman and his colleagues was used for
the second group (Table 2) (10).

Table 1. Weight-based nomogram used for group 1 (9)

aPTT™* (sec)

Bolus administration

Change in rate of infusion

<35 80 U/kg
35-45 40 U/kg
46-70 None
71-90 None
>90 Hold infusion for 1 hour

N4 Ulkg/hr
N2 U/kg/hr
No change

V¥ 2 U/kg/hr
\ 3 U/kg/hr

Initial bolus: 80 U/kg
Initial heparin infusion: 17 U/kg/hr
*aPTT = activated partial thromboplastin time.

Table 2. Weight- based nomogram implemented for group 2 (10).

aPTT* Bolus administration Change in rate of infusion
(sec)

<35 2000 U N2 Ulkg/hr

35-45 None N2 Ulkg/hr

46-70 None No change

71-80 None V1 U/kg/hr

81-90 Hold infusion for 1/2 hour V2 U/kg/hr

>90 Hold infusion for 1 hour W3 U/kg/hr

Initial bolus: 60 U/kg for patients <70 kg and 4000 U for individuals > 70 kg.
Initial heparin infusion: 12 U/kg/hr for patients <70 kg and 900 U/kg for individuals > 70 kg.

*aPTT = activated partial thromboplastin time.
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Since the study was not blind, the dosing nomogram
used for each patient was given to the nurses. Dosage
adjustment was performed based on a preprinted order
form signed by the physician and implemented by
attendant nurses. All doses were calculated based on
actual body weight. Bolus and infusion doses were
rounded off to the nearest 50-100 U. Data were collected
by the nursing staff, and each patient was followed for
the duration of heparin administration.

APTT values were checked at baseline and every 6
hours through 48 hours and afterward if needed. A
popular laboratory method was applied to measure
aPTT. The primary goal was to achieve and maintain a
target aPTT value of 46 to 70 seconds. Upon obtaining a
blood sample, it was transferred immediately to the
laboratory. Results were given to nurses and physicians
via computer as soon as possible and heparin infusion
rates were adjusted accordingly.

These nomograms were compared primarily in terms
of time to reach the target aPTT, number of adjustments
to achieve therapeutic levels within the first 24 and 48
hours, proportion of patients in subtherapeutic,
therapeutic, and supratherapeutic aPTTs, percentage of
time in the therapeutic phase, and average rate of
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heparin in the last 12 hours prior to discontinuation of
heparin infusion.

Data were analyzed using paired t-test, ANOVA, and
Chi-square with SPSS 10. A P-value of less than or
equal to 0.05 was considered statistically significant.
Data are presented as mean + standard deviation.

Results

From September 2009 to November 2010, 149 patients
requiring continuous intravenous infusion of UFH for
ACS were enrolled in this study. Due to failure to
comply with the dosing regimen, 4 patients in group 1
and 5 patients in group 2 were excluded.

The two groups were similar in regard to mean age,
weight, aPTT, and sex distribution (Table 3). The initial
bolus dose and rate of infusion for group 1 were
5460.29+833.24 U and 16.8843.05 U/kg/hr,
respectively. These were significantly higher than initial
dose and infusion rate of the second group, which were
3923.71£396.9 U and 11.72+1.52 U/kg/hr, (P<0.001,
P<0.001, in order). The rate of infusion and aPTT of
patients over 48 hours are illustrated in figures 1 and 2.

Table 3. Patient characteristics.

Characteristics Group 1 Group 2 P-value
Number of patients (n) 70 70
Sex (n (%))
Male 45 (64.29) 37 (52.86) 0.17
Female 25 (35.71) 33 (47.14)
Age (y) (mean £ SD) 58.82+12.81 57.59£1.20 0.54
Weight (kg) (mean + SD) 69.21£11.94 72.33+13.04 0.14
Baseline aPTT(s) (mean + SD) 35.50+7.97 37.7749.40 0.13
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Figure 1. Rate of infusion in 48 hours.
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Figure 2. aPTT of patients of two groups in 48 hours*
*therapeutic aPTT=46-70s

Patients in group 1 passed the therapeutic threshold
level (aPTT>46 s) 7.63+3.95 hours after commencement
of heparin infusion, while it took 11.05+4.41 hours for
patients in group 2 to pass this level (P<0.001). Six
hours after initiating heparin infusion, the proportion of
subtherapeutic patients dropped rapidly from 88.57% to
28.57% in group 1 and from 87.14% to 41.43% in group
2. In fact, the aPTT of 38.57% of individuals in the first
group and 24.29% of the second group fell to the
therapeutic range in 6 hours (P<0.001). Since achieving
therapeutic levels in the first 24 hours is critical, the two
groups were also compared in this regard. At 24 hours,
15.71%, 60.00%, and 24.29% of patients in group 1
subtherapeutic, therapeutic, and
supratherapeutic range, respectively, whereas the
percentages of patients in group 2 in these ranges were
42.86%, 48.57%, and 8.57%, in order (P<0.01). During
this period, the average rate of heparin for group 1 was
16.1543.08 U/kg/hr and for group 2 was 13.01+2.09
U/kg/h (P<0.001).

were in the

this time, 25.71% were subtherapeutic, 45.71%
therapeutic, and 28.57% supratherapeutic, markedly
different results from those found in the first group
(P<0.01). Figure 3 illustrates the percentages of patients
in the two groups in the therapeutic range (aPTT= 46-70
s) at 48 hours. Table 4 shows the period of time that
each group had aPTT above 45 s or was in the
therapeutic phase at 24 and 48 hours.

The number of changes in the rate of infusion in 24
hours for group 1 was 127 with an average of 1.81+1.01
per person, and for group 2 was 171 and 2.44+1.15
respectively (P=0.002). Likewise, the mean number of
changes in the rate at 48 hours for group 1 was
3.41£1.55, versus 4.53%1.63 for group 2 (P<0.001). The
mean rate of heparin in the last 12 hours before
terminating heparin infusion (regardless of duration of
infusion) for group 1 was 15.98+3.72 U/kg/h and for
group 2 was 14.70+£3.92 U/kg/h (P<0.001). Only one
patient in group 2 suffered from major bleeding that had
been recovered and none of the individuals in group 1

In nomogram 1, at 48 hours, 15.71% were had adverse bleeding events or thrombotic
subtherapeutic, 72.86% therapeutic, and 11.43% complications.
supratherapeutic. On the other hand, in nomogram 2 at
Table 4. Comparison of aPTT at different intervals
Time Group 1 Group 2 P-value*
(mean + SD) (mean = SD)

aPTT >46s within 24 hours 18.00 + 1.64 14.17 £ 1.01 <0.001

aPTT in therapeutic range within 24 hours 12.09 +2.19 8.83 £2.38 0.003

aPTT>45 s within 48 hours 36.01 £3.56 29.49 +3.38 <0.001

aPTT in therapeutic range within 48 hours 26.06 + 4.84 19.11 +£3.58 0.003

*P value <0.05 is considered significant.
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Figure 3. Percentage of patients in the therapeutic level of aPTT (46-70 s).

Discussion

Applying  weight-based nomograms considerably
improves the ability to treat patients with ACS by UFH.
In this study; we compared two prevalent weight-based
nomograms to adjust the rate of heparin infusion in
patients with ACS hospitalized in the CCU. For optimal
results and hindrance of recurrence, rapid attainment of
therapeutic aPTT is of the utmost importance (9,12).
The main finding of our study was that use of the first
nomogram was associated with a markedly shorter time
to exceed the therapeutic aPTT threshold. Time to pass
the therapeutic threshold was on average 7.6343.95
hours for group 1, similar to results reported by Folstad
et al. (13) and shorter than several other studies
(9,14,15). Therefore, the initial dose in group 1 was
closer to patient heparin requirements, as manifested by
a shorter time to reach aPTT levels within the
therapeutic range.

Six hours after initiating heparin infusion, 38.57%
and 24.29% of patients in group 1 and 2 were in the
therapeutic range, respectively. These numbers are in the
range of results of other studies (11,16-18). However,
they are considerably lower than the 52% reported by
Smith and Wheeler (19), probably due to different
settings or heparin monitoring.

A significantly higher proportion of patients treated

on the basis of nomogram 1 reached therapeutic
anticoagulant levels within 24 hours of treatment
(60.00%), as compared to patients treated according to
nomogram 2 (48.57%). Likewise, in a study close to the
first nomogram, Raschke and colleagues reported that
57% of their patients were in the therapeutic phase at 24
hours (9). However, unlike the results of Hochman et
al., a much lower percentage of patients in group 2 had
reached therapeutic aPTT levels (10). Our results in
group 1 were considerably higher than the report of
Davydov and colleagues, and may question their claim
that a low percentage of patients fall in the therapeutic
range with weight-based nomograms (20). Also, in
group 1, the proportion of patients in the therapeutic
range increased after 24 hours, but this number did not
change considerably for group 2. This could be
attributed to a higher rate of heparin infusion in group 1,
especially the initial rate which, as stated earlier, is of
great importance in maintaining therapeutic aPTT over
the first 24 hours (14). It should be pointed out that
unlike some other studies (9), successful anticoagulation
did not wane over time in either group and, in fact, the
percentage of subtherapeutic patients in group 2
markedly dropped.

Furthermore, patients in group 1 stayed a longer
period of time in the therapeutic range in comparison to
group 2. However, the results for both groups are lower
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than in some similar studies (10,15). This discrepancy
could be due to differences in the main complaint of
enrolled patients, and probably varied racial
backgrounds, even though Lee et al. pointed out that
Western weight-based heparin regimens are equally
relevant to Asian patients; therefore, racial difference
may not be very important (21).

A parameter that indicates the simplicity and
effectiveness of a dosing regimen is the number of
dosing adjustments required to attain therapeutic levels.
There were markedly fewer changes in the rate of
infusion over 24 and 48 hour periods in group 1| as
compared to other group. The result for group 2 was
different from Hochman et al.’s study (10), which
reported 1.05+1.0 changes over a 24 hour period in a
group with a similar dosing nomogram as group 2.

The average rate of infusion in the first 24 hours for
group 1 was higher and it seems closer to the needs of
patients, as a higher proportion of them were in the
therapeutic range. The mean of heparin rate in the last
12 hours before termination of infusion in group 1 was
higher and was closer to the initial infusion rate. This is
another indication that the first nomogram is nearer to
individual needs. However, these rates for both groups
were higher than the median rate of 13.8 U/Kg/h at the
time of discontinuing heparin in the GUSTO-IIb study
(7). Also, the low bleeding events among our patients
reveals a tight control of anticoagulation. Nevertheless,
episodes of minor bleeding may not have been
documented by physicians or nursing staff.

It has been demonstrated that about 30% of the
variations in heparin requirements are explained by body
weight (9,22), while other factors, such as age, sex and
diabetes mellitus, influence patient requirements.
However, these factors are not taken into account in
these nomograms. Besides, differences in platelet
activation and the potential confounding effect of aspirin
may result in the variable responses of patients (10).
These possible factors explain some of the problems
encountered in improving the rates of UFH and also in
the obtaining of different results from some previous
studies.

In summary, the current study indicates the
substantial superiority of the first nomogram (the
modified Raschke nomogram) over the second
nomogram in the anticoagulation of patients with ACS.
The use of the first nomogram facilitated a more rapid
achievement of therapeutic APTT, while reducing the
number of changes in heparin infusion rates.
Importantly, higher proportions of patients were in the
therapeutic range in the first 24 and 48 hours. For
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institutions that use UFH for patients with ACS, the first
nomogram could be helpful in reaching individual
heparin needs.

Acknowledgement

We would like to extend our gratitude toward Drs. Rafei
and Nemayandeh for their great help throughout the
study.

References

1. Carson JL Subcutaneous Unfractionated Heparin vs. Low-
Molecular-Weight Heparin for Acute Thromboembolic
Disease. JAMA 2006; 296(8):991-3.

2. Lee MS, Menon V, Schappert J, Wilentz JR, Singh V,
Hochman JS. Establishing a new target range for
unfractionated.heparin for acute coronary syndromes. J
Thromb Thrombolysis 2004; 17(2):121-6.

3. Bernardi E, Piccioli A, Oliboni G, Zuin R, Girolami A,
Prandoni P. Nomograms for the administration of
unfractionated heparin in the initial treatment of acute
thromboembolism--an overview. Thromb Haemost 2000;
84(1):22-6.

4. Hirsh J, Raschke R. Heparin and low-molecular-weight
heparin:.  The Seventh ACCP
Antithrombotic and Thrombolytic Therapy. Chest 2004;
126(3 Suppl):188-203S.

5. Haines ST, Zeolla M, Witt DM. Venous Thromboembolism.
In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells
BG, Posey LM. Pharmacotherapy: A Pathophysiological
Approach. 6th ed. New York: McGraw-Hill Companies,
Inc.; 2005:373-413.

6. Prandoni P, Carnovali M, Marchiori A; Galilei
Investigators. Prandoni P, Carnovali M, Marchiori A;

Conference  on

Galilei  Investigators.  Subcutaneous  adjusted-dose
unfractionated heparin vs fixed-dose low-molecular-weight
heparin in the initial treatment of venous
thromboembolism. Arch Intern Med 2004; 164(10):1077-
83.

7. Gilchrist IC, Berkowitz IC, Thompson TD, Califf RM,
Granger CB. Heparin dosing and outcome in acute
coronary syndromes: The GUSTO-IIb Experience. Am
Heart J 2002; 144(1):73-80.

8. . Lee MS, Wali AU, Menon V, Berkowitz SD, Thompson
TD, Califf RM, Topol EJ, Granger CB, Hochman JS. The
determinants of activated partial thromboplastin time,
relation of activated partial thromboplastin time to clinical
outcomes, and optimal dosing regimens for heparin treated
patients with acute coronary syndromes: a review of

GUSTO-IIb. J Thromb Thrombolysis 2002; 14(2):91-101.



10.

11.

12.

13.

14.

15.

16.

Raschke RA, Reilly BM, Guidry JR, Fontana JR, Srinivas
S. The weight-based heparin dosing nomogram compared
with a "standard care" nomogram. Ann Intern Med 1993;
119(9):874-81.

Hochman JS, Wali AU, Gavrila D, Sim MJ, Malhotra S,
Palazzo AM, De La Fuente B. A new regimen for heparin
use in acute coronary syndromes. Am Heart J . 1999;
138(2):313-8.

Cheng S, Morrow DA Sloan S, Antman EM, Sabatine MS.
Predictors of initial nontherapeutic anticoagulation with
unfractionated heparin in  ST-Segment elevation
myocardial infarction. Circulation 2009; 119(9):1195-202.
Anand SS, Yusuf S, Pogue J, Ginsberg JS, Hirsh J;
Organization to Assess Strategies for Ischemic Syndromes
Investigators.  Relationship ~ of  activated  partial
thromboplastin time to coronary events and bleeding in
patients with acute coronary syndromes who receive
heparin. Circulation 2003; 107(23):2884-8.

Folstad J, Caron MF, Nguyen I, White CM. Assessment of
weight-based versus standard dosing of heparin in patients
with unstable angina. J Clin Pharm Ther 2001; 26(4):283-
6.

Gunnarsson PS, Sawyer WT, Montague D, Williams ML,
Dupuis RE, Caiola SM. Appropriate use of heparin.
Empiric vs nomogram-based dosing. Arch Intern Med
1995; 155(5):526-32.

Toth C, Voll C. Validation of a weight-based nomogram
for the use of intravenous heparin in transient ischemic
attack or stroke. Stroke. 2002;33(3):670-4.

de Groot MR, Buller HR, ten Cate JW, van Marwijk Kooy

17.

18.

19.

20.

21.

22.

M. Modares Mosadegh

M. Use of a heparin nomogram for treatment of patients
with venous thromboembolism in a community hospital.
Thromb Haemost 1998; 80(1):70-3.

Mitrovska S, Jovanova S. Correlation between the aPTT
and clinical events in acute coronary syndromes treated
with unfractionated heparin. Bratisl Lek Listy 2006;
107(11-12):422-5.

18 Krulder JW, van der Meer FJ, Briet E, Meinders AE.
Monitoring heparin treatment with the APTT: the effect of
methodological changes on the APTT. Neth J] Med 1996;
49(1):13-8.

Smith ML, Vheeler KE. Weight-based heparin protocol
using antifactor Xa monitoring. Am J Health-Syst Pharm
2010; 67(5):371-4.

Davydov, L, Dietz PA, Lewis P, Twichell ML, Bertino JS.
Outcomes of Weight-Based Heparin Dosing Based on
Literature Guidelines and Institution Individualization.
Pharmacotherapy 2000; 20(10):1179-83.

Lee CH, Tan E, Wong HB, Tay E, Tan HC. Impact of
different Asian ethnic groups on correlation between
heparin dose, activated clotting time and complications in
percutaneous coronary intervention. Int J Cardio 2008;
130(3):500-2.

Becker RC, Ball SP, Eisenberg P, Borzak S, Held AC,
Spencer F, Voyce SJ, Jesse R, Hendel R, Ma Y, Hurley T,
Hebert J. A randomized multicenter trial of weigh-
adjusted intravenous heparin dose titration and point of
care coagulation monitoring in hospitalized patients with
active thromboembolic disease. Am Heart J 1999; 137:59-
71.

Acta Medica Iranica, Vol. 51, No. 2 (2013) 93



