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Abstract

Background: Despite the availability of newer anticoag-
ulants, unfractionated heparin remains a mainstay anticoagulant
for atrial fibrillation, acute coronary syndrome with or without
percutaneous intervention, treatment and prevention of deep
vein thrombosis (DVT), pulmonary embolism (PE), and other
thromboembolic disorders.

Aimof Sudy: The aim of this study isto investigate if
intravenous heparin dosing based on lean body weight (LBW)
of obese patients would be safe and effective in achieving
activated partial thromboplastin time (APTT) within 24 hours
compared to the usual practice.

Patients and Methods: Thisis a case-control study con-
ducted in Cardiology Department Sammanaud General Hos-
pital from May 2017 to May 2018 to investigate if intravenous
heparin dosing based on LBW of obese patients would be
safe and effective in achieving target APTT within 24 hours
compared to the usual practice. The study included 50 obese
patients with a diagnosis of atrial fibrillation, suspected or
confirmed deep venous thrombosis or pulmonary embolism,
unstable anginaor Non ST elelvation myocardia infarction
with hemodynamic stability, or peripheral vascular disease.
Patients aged >18 years randomized into two groups (1) and
(2.

Results: Studies found that unfractionated heparin dosage
adjustments based on the patient's LBW provided therapeutic
anticoagul ation more rapidly and safely, but protocols based
on total body weight increase the risk of a supra-therapeutic
PTT.

Conclusion: Unfractionated heparin remains a mainstay
anticoagulant for atrial fibrillation, acute coronary syndrome
with or without percutaneous intervention, treatment and
prevention of deep vein thrombosis (DVT), pulmonary embo-
lism (PE), and other thromboembolic disorders. Aslean body
weight contributes to approximately 99% of adrug's clearance,
it isuseful for guiding dosing in obesity. These findings may
enhance the utility of LBW as body descriptor instead of
TBW in calculating the effective doses of UFH in treatment
of thromboembolic disorders.
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Introduction

DESPITE the availability of newer anticoagulants,
UFH remains a mainstay anticoagulant for atrial
fibrillation, acute coronary syndrome with or with-
out percutaneous intervention, treatment and pre-
vention of deep vein thrombosis (DVT), pulmonary
embolism (PE), and other thromboembolic disor-
ders [1].

For the past two decades, weight-based heparin
dosing nomogram has become the standard practice
for treatment of thrombosis, as it has been shown
to achieve rapid anticoagulation and reduce risk
of recurrent thrombosis [2].

Although the guidelines endorse the weight-
based strategy, they do not specify what dosing
weight should be used or whether a maximum
bolus dose or initial infusion rate is recommended
for the treatment of DVT, PE, or atrial fibrillation
[3-5].

For many years, patients received a standard
dosage of unfractionated heparin (UFH), consisting
of a’5000-U bolus followed by a 1000-U/hour
infusion, for treatment of venous and arterial throm-
bosis. Later, studies found that UFH dosage adjust-
ments based on the patient's weight provided ther-
apeutic anticoagulation more rapidly [6-8].

Wel ght-adjusted nomograms have provided an
advantage over standard UFH dosing. In one study,
agreater percentage of patients achieved an initial
APTT greater than 1.5 times the control with
weight-based UFH dosing (86%) compared with
standard dosing (32%) [9].
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Patient management strategies include dosing
based on total body weight, ideal body weight
(IBW), adjusted body weight, or total body weight
with areduced infusion rate. Protocols based on
total body weight increase the risk of a supra-
therapeutic APTT; however no increase in bleeding
has been reported [10].

The volume of distribution for UFH issimilar
to that of blood volume, 40-70ml/kg. Although
obese patients have alarger blood volume, adipose
tissue contains alower blood volume than lean
tissue [11,12] .

Lean Body Weight (LBW) is based on the for-
mula by Janmahasatian et al. [13]; Male =[9270 x
weight (kg)] / [6680+216 x BMI] Female = [9270
x weight (kg)] / [8780+244 x BMI].

Aim of the work:

The aim of this study isto investigate if intra-
venous heparin dosing based on LBW of obese
patients indicated for UFH therapy would be safe
and effective in achieving APTT within 24 hours
compared to the usual practice.

Patients and M ethods

Thisis a case-control study conducted in the
Cardiology Department Sammanaud General Hos-
pital from May 2017 to May 2018 to investigate
if intravenous heparin dosing based on LBW of
obese patients would be safe and effectivein
achieving target aPTT within 24 hours compared
to the usual practice.

Patients:

The study included 50 obese patients with a
diagnosis of atrial fibrillation, suspected or con-
firmed deep venous thrombosis or pulmonary em-
bolism, unstable angina or non ST elevation myo-
cardial infarction with hemodynamic stability, or
peripheral vascular disease. Patients aged >18
years randomized into two groups (1) and (2).

First group (control): Received UFH based on
actual body weight at an initial infusion rate of
(12-16) unitg/kg/h.

Second group (cases): Who received UFH based
on lean body weight at the samerate.

Serial APTT measured every 6 hours for all
patients.

A standardized nomogram is used to achieve a
goal APTT of 57-84 sec (normal range, goal APTT
1.5-2.5 x normal) or 57-70 sec (low range, 1.5-2
X normal).
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The primary endpoint was UFH dosage and
time achieving therapeutic APTT within first 24
hours for each group.

The Secondary endpoint was major bleeding
that included documented cerebral, gastrointestinal
or retroperitoneal bleeding as well as minor bleed-
ing e.g; ecchymosis, epistaxis, hematoma, hema-
turia hemoptysis, petechiae or oozing.

Inclusion criteria:

* Patients with body mass index greater than or
equal to 30kg/m?.

» Weight-based intravenous heparin.
* Patient consent.

Exclusion criteria;

* Patients with stroke, TIA, or ST elevation myo-
cardial infarction

* Patients who have hemodynamic or cardiopulmo-
nary instability.

* Patients with thrombophilia

* Patients who are pregnant.

* Patients who have been on any oral anticoagulants
(Warfarin, rivaroxaban, dabigatran or apixaban),
treatment dose of other anticoagulants or intra-
venous thrombolytics in previous 7 days.

* Patients who have APTT greater than 37 seconds.

* History of heparin-induced thrombocytopenia or
alergy to heparin.

Methods:

The nature of the study was explained to all
participants. An informed consent was taken from
all participantsin the research and the privacy of
the data was greatly considered.

All patients were subjected to: Clinical assess-
ment:

Detailed history and clinical examination were
performed with special emphasis on:

1- Cardiovascular diseases symptoms:

a Chest pain; typical or atypical, site, nature,
duration, radiation, frequency, precipitating
factors, relieving factors.

b- Palpitation; suspect IHD, AF.

c- Dyspneg; relation to exercise, tachypnea.

2- DVT symptoms.
Lower limb; pain, swollen, limited mobility.

3- Cerebrovascular Stroke symptoms:

Motor deficit, loss of sensation, autonomic
neuropathy.
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4- Drugs:

Using oral anticoagulants (Warfarin, rivaroxa-
ban, dabigatran or apixaban), treatment dose of
other anticoagulants or intravenous thrombolytics
in previous 7 days, thrombophilia, hypersensitivity
to UFH.

5- Anthropometric measurements:
The following measurements wer e obtained:
a Height and weight.

b- Body massindex (BMI): It was calculated
using the following formula.

BMI = Weight (kg) / [height (m)] 22
Obesity is defined as BMI 230Kg/m
6- Electrocardiography:
12-lead ECG was done for detection of Coro-
nary artery disease and arrhythmias.
7- Pulmonary CT angiography:
For patients who suspected to have pulmonary
embolism.
8- Lower limb duplex:
For patients who suspected to have deep vein
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9- Laboratory work-up:

a Complete blood picture; for detection platelets
number.

b- APTT at admission time and every 6 hours.

c- Cardiac enzymes for patients who suspected
to have NSTEMI.

10- Lean Body Weight (LBW) is based on the
formula by Janmahasatian et al.; Male =[9270
x weight (kg)] / [6680+216 x BMI] Female =
[9270 x weight (kg)] / [8780+244 x BMI] [13].

Satistical analysis:

The collected data were coded, processed and
analyzed using the SPSS (Statistical Package for
Social Sciences) version 22 for Windows® (SPSS
Inc, Chicago, IL, USA). p<0.05 was considered to
be statistically significant. t: Independent samples
t-test (comparigon of normally distributed quanti-
tative data). X : Chi-square test (Comparison of
categorical data). Z: Mann-Whitney test (compar-
ison of abnormally distributed quantitative data).

thrombosis. Results
Table (1): Comparison of the demographic datain the two groups.
Group 1 Group 2
Test of
(Control group) (Cases) R p-vaue
(N=25) (N=25) significance

Age:

Mean + SD. 57.36+10.319 51.36+ 10.59 t=2.028 0.48
Sex: 2

Male 14 (56%) 14 (56%) X =0 1

Female 11 (44%) 11 (44%)
Weight Mean £ S.D. 97.44+10.813 97.36+8.14 t=0.030 0.977
Height Mean + S.D. 170.88+5.044 171+5.39 t=—081 0.936
BMI Mean = S.D. 33.48+2.33 33.35+1.76 t=.226 0.822
t:dndependent samples t-test (comparison of normally distributed quantitative data).
X : Chi-square test. (Comparison of categorical data).
P: Probability. *: Significant p-value (<0.05). SD: Standard deviation.
Table (2): Comparison of different APTT and different infusion rates in the two groups.

Group 1 Group 2
(Control group)  (Cases) s ﬁﬁi:g:] ce p-value
(N=25) (N=25) 9

APTT 1 (Sec) Mean £ SD. 35.2+3.72 33.6+4.23 t=1.420 0.162
Rate of infusion 1 (ml/h) Mean = S.D. 2.92+0.32 181+0.24 t=13.912 <0.0001*
APTT 2 (Sec) Mean £ SD. 53.6+4.59 42 (29-52) z=4382  0.018*
Rate of infusion 2 (ml/h) Mean = S.D. 2.94+0.29 2.06£0.32 t=10.051 <0.0001*
APTT 3 (Sec) Mean £ SD. 63.4+5.24 46 (37-61) z=-5525  0.018*
Rate of infusion3 (ml/h) Mean + S.D. 2.86+0.24 2.09+0.36 t=8.764 <0.0001*
APTT 4 (Sec) Mean £ SD. 87.96+23.84  49.08+5.63 1=7.936 <0.0001*
Rate of infusion 4 (ml/h) Mean + S.D. 2.79+0.21 2.09£0.36 t=8.311 <0.0001*
APTT 5 (Sec) Mean £ SD. 83.76+£14.39 62.36+5.84  t=10.771 <0.0001*

t: Independent samples t-test (comparison of normally distributed quantitative data)

P: Probability.

*: Significant p-value (<0.05). SD: Standard deviation.

Z: Mann-Whitney test (comparison of abnormally distributed quantitative data).
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Table (3): Comparison between APTT at different time pointsin control group.

APTT1 APTT2 APTT3 APTT4 APTT5
Mean+ SD 35.2+3.72 53.6+4.59 63.4£5.24 87.96+23.84 83.76+14.39
pi <0.0001 * <0.0001 * <0.0001 * <0.0001 *
P2 <0.0001 * <0.0001 * <0.0001 *
P3 0.013* 0.234
P4 0.118

pl: Significance relative to Aptt1. Test used: Paired samples t-test (comparison of normally distributed
p2: Significance relative to Aptt2. quantitative data in the same groups at different time points).
p3: Significance relative to Aptt3; P : Probability.
p4: Significance relative to Aptt4. * : Significant p-value (<0.05).

SD: Standard deviation.

Table (4): Comparison between APTT at different time pointsin cases group.

APTT1 APTT2 APTT3 APTT4 APTT5
Meanz SD 33.6+4.23 46.6+6.5 46.4+5.69 49.08+5.63 62.36+5.84
o]} <0.0001 * <0.0001 * <0.0001 * <0.0001 *
p2 <0.0001 * <0.0001 * <0.0001 *
P3 0.032* 0.001 *
P4 0.126

pl: Significance relative to Aptt1. Test used: Paired samples t-test (comparison of normally distributed
2: Significance relative to Aptt2. quantitative data in the same groups at different time points).
p3: Significance relative to Aptt3; P : Probability.
p4: Significancerelativeto Aptt4.  * : Significant p-value (<0.05).
SD: Standard deviation.

Table (5): Comparison between infusion rates at different time pointsin control group.

Infusion rate 1 Infusion rate 2 Infusion rate 3 Infusion rate 4

Mean+SD 2.92+0.32 2.94+0.29 2.86+£0.24 2.79+0.21
P1 0.572 0.215 0.026*
P2 0.026* 0.001*
P3 <0.0001 *

1: Significance relative to infusion rate 1. Test used: Paired samples t-test (comparison of normally

2: Significance relative to infusion rate 2. distributed quantitative data in the same groups
p3: Significancerelativeto infusion rate 3. at different time points)

P : Probability. *: Significant p-value (<0.05).

SD: Standard deviation

Table (6): Comparison between infusion rates at different time points in cases group.

Infusion rate 1 Infusion rate 2 Infusion rate 3 Infusion rate 4

Mean+SD 181+0.24 2.06x0.32 2.06+0.32 2.09+0.36
P1 0.001* 0.001* 0.001*
P2 0.161 0.161
P3 0.872

1: Significancerelative to infusion rate 1. Test used: Paired samples t-test (comparison of normally

2: Significance relative to infusion rate 2. distributed quantitative data in the same groups
p3: Significance relative to infusion rate 3. at different time points)

P : Probability. *: Significant p-value (<0.05).

SD: Standard deviation

Table (7): Comparison between achievements of the target APTT (57-83 sec) within 24 hoursin

the two study groups.
Group 1 Group 2
Test of
(Control group) (Cases) o p-value
(N=25) (N=25) significance
Achieved 15 (60%) 25 (100%) X ’2125 0.001 *
Not-achieved 10 (40%) 0 (0%)

)(2: Chi-sguare test. (Comparison of categorical data). P: Probability. *: Significant p-value (<0.05).
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Discussion

Despite the availability of newer anticoagulants,
unfractionated heparin remains a mainstay antico-
agulant for atrial fibrillation, acute coronary syn-
drome with or without percutaneous intervention,
treatment and prevention of deep vein thrombosis
(DVT), pulmonary embolism (PE), and other
thromboembolic disorders [1].

Accordingto WHO, obesity is defined as a
BMI >230kg/m [14,15], obesity rates have nearly
doubled since 1980. In 2008, an estimated 1.5
billion adults over the age of 20 years (35%) were
overweight, and 500 million (11%) were obese
[16].

Studies found that UFH dosage adjustments
based on the patient's weight provided therapeutic
anticoagulation more rapidly [6-8]. Although the
guidelines endorse the weight-based strategy, they
do not specify what dosing weight should be used
[3-5].

To our knowledge, thisisthe first study that
has explored calculating of the effective intravenous
heparin dose by comparison between lean body
weight-based dosing and actual body weight based
dosing in obese patients; our study group consisted
of 50 patients divided into two groups:

- Group 1 (control): 25 obese patients indicated
for receiving UFH; received UFH at Actual Body
Weight-based Doses.

- Group 2 (cases): 25 obese patients indicated for
receiving UFH; received UFH at Lean Body
Weight-based Doses.

We noticed that the count of patients who
achieved the target APTT (57-83sec) within 24
hours in group 2 was 25 (100%) while in control
group the count of patients who achieved the target
APTT within 24 hours was 15 (60%).

Theinfusion rates at different time pointsin
group I; theinfusion rate 1 Mean % SD was 2.92
+0.32, infusion rate 2 Mean = SD was 2.94+0.29,
infusion rate 3 Mean * SD was 2.86+0.24, infusion
rate 4 Mean = SD was 2.79+0.21.

Theinfusion rates at different time pointsin
group I1; theinfusion rate 1 Mean + SD was 1.81%
0.24, infusion rate 2 Mean * SD was 2.06+0.32,
infusion rate 3 Mean = SD was 2.06+0.32, infusion
rate 4 Mean = SD was 2.09+0.36.

In our study it isclear that, by using the LBW
in cases group instead of TBW in control group
for calculating the therapeutic doses of UFH, we

1243

achieved the targeted APTT in all (100%) patients
effectively, safely, with less infusion rates and no
increase in risk of bleeding or cause suprathera-
peutic range, while in control group we achieved
thetargeted APTT only in 60% of patients with
increasing risk of bleeding and being suprathera-
peutic range.

Due to the varying anticoagulant response of
UFH among patients, UFH therapy is monitored
and the dose is adjusted based on these results.
The test most often used to monitor heparin is the
activated partial thromboplastin time (APTT).

An APTT ratio between 1.5 and 2.5 (calculated
by dividing the reported therapeutic APTT range
by the control value for the reagent) was associated
with areduced risk for recurrent VTE in a previous
large retrospective registry. Using total body weight
assumes that the pharmacokinetics of the drug are
linearly scalable from normal-weight patients to
those who are obese, thisisinaccurate; For exam-
ple, we cannot assume that a 150kg patient elimi-
nates a drug twice as fast as a 75kg patient and
therefore double the dose so clinicians are alert to
toxicities with higher doses, for example bleeding
with anticoagulants [17,18,19] .

In concordance with our results Hanley et al.,
reported that drug clearance is correlated to lean
rather than adipose weight as adipose tissue has
little metabolic activity and as clearance determines
adrug's maintenance dose, clinicians should con-
sider how lean body weight, rather than total body
weight, impacts dosing. When lean body weight
increases there will be a corresponding increase
in drug clearance and an increased dose may be
required [17].

Hanely et al., also concluded that using alean
body weight metric encompasses a more scientific
approach to weight-based dosing. Lean body weight
reflects the weight of all 'non-fat' body components,
including muscle and vascular organs such asthe
liver and kidneys. As lean body weight contributes
to approximately 99% of adrug's clearance, [17]
it isuseful for guiding dosing in obesity.

Pai et al., reported that hydrophilic drugs e.g.
heparins typically remain in extracellular fluid and
their volume of distribution correlates with lean
mass, this implies that the distribution of hy-
drophilic drugs should not be significantly influ-
enced by excess adipose tissue [18].

Conclusion:

Unfractionated heparin remains a mainstay
anticoagulant for atrial fibrillation, acute coronary
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syndrome with or without percutaneous interven-
tion, treatment and prevention of deep vein throm-
bosis (DVT), pulmonary embolism (PE), and other
thromboembolic disorders. Hydrophilic drugs (e.g.
heparins) typically remain in extracellular fluid
and their volume of distribution correlates with
lean mass. Thisimplies that the distribution of
hydrophilic drugs should not be significantly in-
fluenced by excess adipose tissue. As lean body
weight contributes to approximately 99% of a
drug's clearance, it is useful for guiding dosing in
obesity. These findings may enhance the utility of
LBW as body descriptor instead of TBW in calcu-
lating the effective doses of UFH in treatment of
thromboembolic disorders.
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