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Abstract 

Hematologic complications are one of the major consequences in patients with COVID-19 infection.   
Anticoagulants were used to mitigate COVID-19 related coagulopathy such as Enoxaparin and unfractionated 
Heparin.To investigate the differences between Enoxaparin and unfractionated Heparin using a cost-effectiveness 
analysis that compares the clinical outcome and the costs of two anticoagulants. . A retrospective review of 
medical records of hospitalized, severe to critical COVID-19 infected patients was conducted at Al-Amal hospital 
at Al-Najaf city-Iraq from August 2020 to June 2021. D-dimer level, length of stay (LOS), and survival rate were 
used to assess the effectiveness, and the cost of both medications was also evaluated for comparison. . One hundred 
and forty-four COVID-19 infected patients were enrolled and divided into Heparin group N=72, and Enoxaparin 
group N=72. COVID-19 infected patients had a higher level of D-dimer than the reference range (2534.675 ng/dl). 
No significant differences in average D-dimer between both genders. There was a significant difference between 
patients' ages ≥60 years and patients <60. Higher D-dimer levels were associated with a higher mortality rate. 
Heparin was more effective in decreasing D-dimer levels than Enoxaparin which inversely increased the D-dimer 
levels. Additionally, Heparin was associated with higher survival rate compared to Enoxaparin. It was associated 
with a longer duration of stay in hospital than Enoxaparin however, no significant difference was observed. 
Heparin cost/per patient/per day was less than Enoxaparin. . Heparin was a more cost-effective anticoagulant 
therapy compared to Enoxaparin, it was associated with a lower cost and better effect. 
Keywords: Pharmacoeconomic cost-effectiveness, COVID-19, Anticoagulants, Heparin, Enoxaparin. 
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 الخلاصة
، حیث یتم استخدام مضادات التخثر للتخفیف ۱۹-المضاعفات المرتبطة بالدم ھي احد التبعات الرئیسیة للمرضى المصابین بفایروس كوفید

تخدام تحلیل الفعالیة الاقتصادیة اكتشاف الفرق بین من مضادات التخثر (الھیبارین و الاینوكزابارین) باسز من التخثر، كالاینوكزابارین والھیبارین 
 اصابة شدیدة الى حرجة الدراسة كانت مراجعة باثر رجعي لسجلات المرضى المصابین الذي یقارن النتائج والكلفة لاثنان من مضادات التخثر.

تم استخدام معدل دي دایمر،  ، حیث۲۰۲۱الى یونیو  ۲۰۲۰في مستشفى الامل في محافظة النجف في العراق، من آب بفایروس كورونا والراقدین 
مریض في الدراسة مقسمة  ۱٤٤تضمین تم  مدة الرقود في المشفى، ومعدل النجاة لقیاس الفعالیة الدوائیة و تم احتساب كلفة الدواء فقط في التحلیل.

رضى المصابین بفایروس كورونا كان وقد اظھرت النتائج بأن الم .مریض تلقوا علاج الاینوكزابارین ۷۲مریض تلقوا علاج الھیبارین و  ۷۲الى 
 نغ/دل). ولم یكن ھناك فرق ملحوظ بین الجنسین في المعدل الاساسي للدي ۲٥۳٤٫٦(من الحد الطبیعي المحدد في المصادرلدیھم معدل دي دایمر 

. كما یبدو ان المعدلات  عاما ٦۰من  صغرعاما وا ٦۰كان ھنالك فرق ملحوظ في المعدل الاساسي للدي دایمر بین الاعمار اكبر ویساوي  .دایمر
دایمر. الاعلى للدي دایمر كانت مرتبطة بشكل ملحوظ بمعدل وفیات اعلى. الھیبارین كان اكثر فعالیة من الاینوكزابارین في تقلیل مستویات الدي 

كان یرتبط بمدة بقاء اطول في المستشفى بالمقارنة  ھكما انبالمقارنة مع الاینوكزابارین .  نجاة اعلىمعدل یرتبط ببالاضافة الى ذلك فان الھیبارین كان 
 .بما یخص الكلفة فان كلفة الھیبارین كانت اقل من كلفة الایناكزابارین / للمریض الواحد/ لیوم واحد) مع الاینوكزابارین لكن الفرق كان غیر ملحوظا.

 .حیث انھ یرتبط بكلفة اقل وفعالیة افضلالھیبارین كان ذو فعالیة اقتصادیة اعلى بالمقارنة مع الاینوكزابارین، 
 ، مضادات التخثر، ھیبارین، اینوكزابارین.۱۹-الكلمات المفتاحیة: الاقتصادیات الدوائیة، الفعالیة الاقتصادیة، كوفید

Introduction  
Coronavirus is a newly discovered virus(1), 

it is deemed a pandemic by WHO in January/2020 
(2), where the first case of COVID-19 was reported 
in December 2019 in Wuhan, China, from that date, 
180 million cases were reported globally until June 
25.2021, with 3.9 million deaths. In Iraq, 1.3 million  

 
cases were reported, with 17,000 deaths (3). 
Symptoms of COVID-19 Infection cause respiratory 
syndrome, which overlaps with other viral 
syndromes. It includes fever, headache, fatigue, 
shortness of breath, diarrhea, cough, and myalgias(4). 
Furthermore, abnormalities could be seen in chest x-
ray and computed tomography (CT)(5). 
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Laboratory findings include leukopenia 

and lymphopenia (6), elevated levels of 
aminotransferase, C-reactive protein (CRP), D-
dimer, S.ferritin, and lactate dehydrogenase 
(LDH). It also leads to cardiac(7), hematologic(8), 
renal(9), and other complications.  

Thromboembolic events occur in 
patients with COVID-19, with the highest risk 
occurring in critically ill patients(10)  where the 
incidence of thromboembolism among 
hospitalized patients with COVID-19 ranged 
from 25 to 53% (11). It has been found that 
infection with COVID-19 is related to an 
increase in Padua prediction score >4 in 40% of 
patients, (padua score was developed to estimate 
risk of venous thromboembolism (VTE) in 
hospitalized medical patients (12) where a score 
>4 indicates a higher risk of venous 
thromboembolism (13). COVID-19 infection 
potentiates all 3 components of Virchow’s triad 
(endothelial dysfunction, hypercoagulable state, 
and stasis). It increases the risk of thrombosis, 
endothelial dysfunction which is triggered by 
angiotensin-converting enzyme 2 (ACE2), and 
result in an increase in D-dimer, 
fibrin/fibrinogen. In addition, thrombin time is 
affected and becomes shorter(14,15)while 
prothrombin time, and activated partial 
thromboplastin time appears to be longer (16). 

Currently, the world health 
organization (WHO)(17), recommend 
prophylaxis dose of anticoagulants, low 
molecular weight Heparin (Enoxaparin) 40 mg 
by subcutaneous injection every 24h: - If BMI > 
40 kg/m2 or weight > 120 kg: Enoxaparin 40 mg 
by subcutaneous injection every 12h. Or 
Unfractionated Heparin (UFH) 5000 units by 
subcutaneous injection every 8 or 12h: - If BMI 
> 40 kg/m2 or weight > 120 kg: 7500 units q12h 
or 5000 units every 8h. 

Enoxaparin and unfractionated Heparin 
are both on the WHO Model List of Essential 
Medicines; Enoxaparin has the advantage of 
daily dosing and the suggested duration of 
standard thromboprophylaxis is until hospital 
discharge. If therapeutic dosing is prescribed, 
clinicians should be aware of the increased risk 
of bleeding, including major bleeding requiring 
transfusion (e.g. gastrointestinal) or clinically 
significant bleeding even if transfusion is not 
required (e.g. intracranial). Factors influencing 
the choice of agent include: the availability of 
laboratory monitoring (needed for 
unfractionated Heparin); requirement for rapid 
reversibility (favors unfractionated Heparin); 
presence of severe renal dysfunction (favors 
unfractionated Heparin); interaction with other 
drugs used to treat COVID-19 (especially direct 

oral anticoagulants);, convenience (least with 
unfractionated Heparin, most with direct oral 
anticoagulants); and suspicion of Heparin-
induced thrombocytopenia (favors fondaparinux 
or direct oral anticoagulants).  

For therapeutic or intermediate 
intensity anticoagulation, patients should have 
baseline creatinine, platelet count, prothrombin 
time or international normalized ratio, and 
partial thromboplastin time. Patients on 
therapeutic dosing of unfractionated Heparin 
require monitoring of partial thromboplastin 
time or anti-factor Xa levels and ideally platelet 
count (18). 

As the treatments of COVID 19 
infection continues to evolve, the health service 
provider needs to understand the effect of 
potential treatments on the primary outcomes 
(e.g. mortality, mechanical ventilation, duration 
of hospital stay); understand their effects with 
regards to different parameters such as; age, 
respiratory support requirement, disease 
severity, and race/ethnicity together with the 
immensity of clinical benefit, as this will be 
necessary to make the best decision. (19). Of 
note, the COVID-19 pandemic did not affect the 
health only but its effects have been extended to 
the social and economic aspect therefore, many 
studies focused on estimating the cost of 
COVID-19 disease and its treatments to 
understand the impact on economic aspects 
(20,21). Other researches were studied the 
clinical effects of COVID-19 treatments, 
however, there is a paucity in studies conducted 
to understand and explain both cost and 
effectiveness of COVID-19 treatments. (see 
discussion section).  
Objective 

The study aimed to conduct a cost-
effectiveness analysis comparing the clinical 
outcome and the costs of two anticoagulant 
injections (unfractionated Heparin and low 
molecular weight Heparin (Enoxaparin)) used to 
treat hospitalized, severe-critical COVID-19 
infected patients. 
Methodology 
Study design and patients 

The study was a retrospective review of 
medical records for hospitalized patients 
diagnosed with severe - critical COVID-19 
infection. 
Inclusion criteria  

Hospitalized patients with COVID-19 
infection, age > 18 years, non-pregnant, and 
received one of the injectable anticoagulants, for 
3 days and more, with at least two measurements 
for the D-dimer (the first one before receiving 
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the treatments and the second one at the last day 
of receiving the treatments. Patients who were 
not fit these criteria were excluded from the 
study. 
 
Sample size 

Searching in patient's medical records 
continue until the two arms became equal, 
Heparin arm N=72, Enoxaparin arm N=72, with 
allocation ratio 1:1, 1100 patient's records were 
reviewed until equality had been achieved. 
The equation for finite population (22) was used 
to estimate the sample size where the confidence 
level is 95%, the estimated sample size is 139, 
which means the strength of the sample size is 
more than 100%, also the equality of the two 
arms gives the sample size a statistical strength. 
 

Study setting and ethical approval 
The study was conducted at Al-Amal 

hospital, at Al-Najaf city from (Augast 2020 to 
June 2021) after obtaining the approval from the 
scientific committee of the University of 
Baghdad/ College of Pharmacy and the Iraqi 
Ministry of Health/ Al-Najaf Department of 
Health/ Department of Research and 
Development. 
Data sourcing 

All medical data were taken from 
patient's medical records, and the cost of 
treatments was taken from the drugs store which 
supplied Al-Amal hospital. 

Cost-effectiveness analysis of two 
injectable anticoagulants (unfractionated 
Heparin and low molecular weight Heparin 
(Enoxaparin)) was conducted. 
Outcome measures 

The clinical outcomes of original 
injectable anticoagulants (low molecular weight 
Heparin (Enoxaparin) and unfractionated 
Heparin) were assessed using D-dimer levels, 
duration of hospitalization, and survival rate. 
Where D-dimer level aids in the diagnosis of 
venous thromboembolism (VTE) (23,24). 

In the beginning, some demographic 
assessments were done to know if the baseline 
readings of  D-dimer were affected by gender 
and age to avoid bias. Gender distribution was 
demonstrated as male and female, the age 
distribution was categorized into groups (<60 
years and ≥ 60 years). There was no distribution 
according to race or ethnicity in this study. 

Then analysis was conducted to ensure 
the normality of distribution of the sample, the 
age and comorbidities of the two arms were 
compared. Then the average baseline of  D-
dimer in patients with COVID-19 infection was 
assessed to understand the effect of COVID-19 
on D-dimer levels. 

The effects of original injectable 
anticoagulants (Heparin and Enoxaparin) on D-

dimer level, length of stay, and survival rate were 
then assessed. 

average of differences between 1st and 
2nd reading of  D-dimer /per day/per patient was 
considered as a primary clinical outcome of 
anticoagulants therapies). It was calculated by 
dividing the difference between the 1st and 2nd D-
dimer reading of the patient by the number of 
days the patient received the treatment, then the 
summation of the differences per day divided by 
the number of patients who received the 
treatment. 

Secondary outcomes: length of stay 
was calculated as an average for each treatment 
group. 

The survival rates during 
hospitalization days of the patients were 
calculated using Kaplan-Meier to show the 
survival rate over time of hospitalization. Also, 
it was calculated in the descriptive method, 
where it is equal to number of patients who 
survived at the end of hospitalization time 
divided by the total number of patients who 
received the treatment. Both the Kaplan-Meier 
method and the descriptive method gave the 
same survival rate. 
Economic outcome 
A- The costs of medications were taken from 
the drugs store which supplied Al-Amal hospital 
during the same period of data collection, so 
there was no need to count the inflation rate or 
the discount factor. 
B- The cost of hospitalization: the average cost 
of one day of hospitalization was 53.6 $US, 
which includes the cost of health service 
providers, cost of medical instruments, cost of 
medication, and non-medical costs.  This cost 
was taken from the Iraqi Ministry of 
Health/Department of Financial Planning in 
2017. The inflation factors in Iraq were then 
multiplied with the average cost for the period 
from 2017 to 2021(25). 
C- Willingness to pay: The average maximum 
willingness to pay of Iraqi people was obtained 
from the responses of 375 people who were 
participated in a web-based survey, hypothetical 
scenarios were used to ask people about the 
maximum amount they are willing to pay for 
special benefits using multiple-choice questions. 
The survey was conducted by the author at the 
same period of conducting the study. So there 
was no need for inflation rate or the discount 
factor, and there was no need for sensitivity 
analysis because there were 375 responses. 
Cost-effectiveness analysis 

Cost vs effect was represented by: cost 
consequence analysis method, cost-effectiveness 
ratio CER method while incremental cost-
effectiveness ratio was conducted when needed. 
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To conduct a cost-effectiveness 
analysis, two methods were used: 1st by using the 
cost-effectiveness plane, and the 2nd method is 
called incremental net benefit analysis (INB) 
which considers maximum willingness to pay as 
an effector on cost-effectiveness analysis.  
Statistical analysis 

All data were collected, assembled, 
analyzed using a Microsoft Excel spreadsheet, 
The effect of the treatments on the indicator was 
calculated as an average change in number per 
patient per day and compared using independent 
student T.test.  

Additional statistical analysis to assess 
the impact of treatments upon the survival 
outcome variable. Kaplan-Meier survival curves 

were plotted to measure the survival rates using 
Statistical Package for the Social Sciences 
software (SPSS) Version 24. 

The normality of continuous variables 
was measured using the Shapiro-Wilk test. Not 
normally distributed variables were tested using 
non-parametric tests. 
 

Results 
D-dimer value had been used to 

evaluate the effectiveness of anticoagulants 
(Heparin and Enoxaparin). Before conducting 
the comparison, the D-dimer baseline average 
was calculated for COVID-19 infected patients 
before receiving any treatment. See (Table 1) . 

 
 

Table 1. D-dimer baseline average for hospitalized, COVID-19 infected patients before receiving 
any treatment. 

Indicator Average Normal average P-value N 
D-dimer baseline average for 

hospitalized patients with 
COVID-19 infection 

2534.675 ng/dl ± 
SD=2923 

<500 ng/dl 0.0005 *10-

3 
144 

One sample student t.test, P-value < 0.05 is significant. 
 

The effect of demographic characteristics on D-
dimer level  

The average baseline D-dimer value 
was calculated regarding the demographic 
variations to understand if the D-dimer was 
influenced by gender and age, and to understand 
if the baseline measurement had an effect on the 
final status of the patients, died or survived. 

D-dimer baseline average before 
receiving the treatment was higher in males than 

females, but the difference was non-significant 
(P-value >0.05). 

D-dimer baseline average was higher in 
patients age ≥60 years than patients age <60 
years. The difference in average according to age 
was significant. (P-value <0.05). 

Higher D-dimer levels seem to be 
associated with a higher mortality rate, the D-
dimer baseline average was significantly higher 
in patients who died than patients who survived  
(P-value <0.05). See (Table 1-2)(Figure1-1). 

 

Table 2. D-dimer baseline average according to gender (male, female), age, and final status. 
 

Demography Average 
D-dimer ng/dl 

SDV 
ng/dl 

Percentage% N p. value 

Total 2534.675 ± 2923 100 144  
Heparin group 3349.8 ±3081.5 50  0.00005 
Enoxaparin group 1637.76 ±1634.03 50   
Gender  
Male  2649.95 ± 3365.729 58.2 84 0.7 
Female 2374.10 ± 2213.854 41.8 60  
Age (Years)  
≥60 Years 3177.33 ± 3514.531 54.4 78 0.04 
<60 Years 1763.06 ± 1699.574 45.6 66  
Final status  
Died` 3166.263 ± 3422.71 55.9 80 0.04 
Survived 1729.94 ± 1829.12 44.1 64  

This table measured the difference in means of D-dimer (continous variable) according to binary 
(categorized variable) using independent T-test. , P-value < 0.05 is significant. 
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Figure 1. D-dimer baseline average according 
to gender (male, female), age, and final status. 

Comparison of age and comorbidities of 
Heparin and Enoxaparin groups 

A comparison was performed between 
the age and comorbidities of the group who 
received unfractionated Heparin, and the group 
who received low molecular weight Heparin 
(Enoxaparin). The analysis showed that there 
were no significant differences with regard to the 
age and comorbidities of both groups of 
treatment. (P-value >0.05). See (Table 1-3). 
 
 
 
 
 
 
 

 

Table 3. Average age of hospitalized patients who received Anticoagulants (Heparin and 
Enoxaparin), and the type and percentage of comorbidities for each group.  
 

Indicator Heparin Enoxaparin P-value 
Average age (years) 61.9 ±15.9 58.5 ± 12.9 0.159 

Type and percentage of comorbidities (co-existed diseases) 0.86 
Hypertension  73.6 70.8 0.84 
Diabetes mellitus  47.2 45.8 0.9 
Ischemic heart disease  29.2 18 0.17 
Asthma  6.9 4.2 0.47 
Renal disease  2.77 0 0.16 
Liver disease  0 4.2 0.08 

Type and  percentage of comorbidities from patients vital signs 0.87 
Severe  infection  68.05 68.05 1 
Critical infection  31.9 31.9 1 
O2 supplementation  100 100 1 
S. creatinine ≥1.5 mg/dl  12.5 0 0.0027 
S. urea > 20 mg/dl  100 100 1 
S. urea>100 mg/dl  8.3 12.5 0.43 
ESR > 40 mm/hr  68.05 65.3 0.74 
Blood pressure >130/80 mm Hg  19.4 20.8 0.85 
Blood pressure  < 90/60 mm Hg  2.77 5.55 0.41 
Heart rate >100 Bpm  26.38 22.22 0.61 
Heart rate <60 Bpm  5.55 2.77 0.41 
Low grade fever 37.5-38.5 C̊ 18 5.55 0.029 
High grade fever >38.5 C 0 0 1 

Independent student t.test used to compare all comorbidities of the two groups (bold), Chi-square test used 
to compare each comorbidity (categorical) with the other group, P-value < 0.05 is significant 
Clinical outcome  

The primary outcome for assessing the 
effectiveness of Heparin and Enoxaparin was the 
effect of those two medications on reducing D-
dimer levels, Heparin was significantly more  

 
effective on reducing D-dimer levels than 
Enoxaparin, Enoxaparin had a negative outcome 
in reducing D-dimer levels (P-value <0.05). See 
(Table 1-4) and (Figure 1-2). 
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Table 4. The effect of anticoagulant therapies on the level of D-dimer of hospitalized patients with 
COVID-19. 

Independent student t.test, P-value < 0.05 is significant . 
 

 
Figure 2. The effect of anticoagulant therapies on the level of D-dimer of hospitalized, severe –critical 
COVID-19 infected patients. 

 
The secondary outcome for assessing 

the effectiveness of anticoagulants (Heparin and 
Enoxaparin) was an average length of stay 
(LOS) in hospital, the group who received 
Enoxaparin had a shorter average for length of 

stay (LOS) than the group who was treated with 
Heparin, but the difference on (LOS) was non-
significant (P-value >0.05). See (Table 1-5) and 
(Figure 1-3). 

Table 5. Average length of stay in hospital (days) for patients with COVID-19 infection who received 
Anticoagulants therapies (Heparin and Enoxaparin). 
 

Indicator Heparin Enoxaparin P-value 
Average length of stay (days) 13.7 ± 8.1   12.3 ± 9.9 0.37 

Independent student t.test, P-value < 0.05 is significant. 
 

 
 

Figure 3. Average length of stay in hospital 
(days) for patients with severe-critical 
COVID-19 infection who received 
Anticoagulants therapies (Heparin and 
Enoxaparin). 

 
 

The last outcome used to assess the 
effectiveness of Heparin and Enoxaparin was the 
survival rate during hospitalization time, it is 
calculated by dividing the number of patients 
who survived at the end of the period of 

treatment by the number of total patients who 
received the treatment n=72 then multiplied by 
100%. 

The group of patients who were treated 
with Heparin showed a higher survival rate  
(lower mortality rate) during hospitalization 
days than the group of patients who were treated 
with Enoxaparin during hospitalization days, the 
difference between the survival rate of the two 
groups was significant (P-value<0.05). See 
(Table 1-6), (Table 1-7) and (Figure 1-4). 
 

Table 6. Survival rate and test of equality of 
survival distributions for hospitalized 
patients with COVID-19 infection who 
received injectable anticoagulants (Heparin, 
Enoxaparin) 

Indicator Heparin Enoxaparin  
Survival 
rate 

55% 35%  

Test Chi-
Square 

F Sig. 

Indicator Heparin Enoxaparin P-value 
Average of 1st D-dimer reading nd/dl 3349.806 1637.769 0.00005 
Average of 2nd D-dimer reading ng/dl 3012.108 2479.214 0.29 
Difference between average D-dimer before 
treatment and after treatment (delta) 

Decreased  
337.698 

Increased 
841.445 

0.01 

Average difference of  D-dimer per day per 
patient 

Decreased 
24.4/ng/dl/day ± 226.614 

Increased 
154.701ng/dl/day ± 504.6 

0.01 
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Log Rank 
(Mantel-

Cox) 

5.332 1 .021 Chi-square test, P-value < 0.05 is significant. 

 

Table7.Case Processing Summary,  1=Heparin, 2=Enoxaparin, event =survival. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Kaplan Meier survival curve during hospitalization (days) for original Heparin=1, and 
original Enoxaparin =2, for hospitalized, severe –critical COVID-19 infected patients. Status 1= 
survival, test = Log Rank (Mantel-Cox). 

 

Costs of anticoagulants 
Costs of anticoagulants converted from 

Iraqi dinars into U.S dollars, and then the 
average cost of treatments only was calculated 
for the patient per one day. The total cost of 
Heparin for 72 patients who were treated with 
doses of 986 days was calculated, and the cost of 
Enoxaparin for 72 patients who were treated 
with doses of 889 days was also calculated. 

The cost of hospitalization was 
calculated by multiplying the average cost of one 
day of hospitalization by the average duration of 
hospitalization.  (Table 8) 
 

 
 
 
 
 

Table 8. Costs of treatment with 
anticoagulants (Heparin and Enoxaparin) of 
hospitalized, severe –critical COVID-19 
infected patients. 
 

Treatment/cost Heparin Enoxaparin 
Cost US$/dosage 
form  

2.28 /5ml 2.95/4000uni
t 

Average cost 
US$ /day/patient 

2.08±0.5 
/day/patient 

9.44±1.9/day
/patient 

Total cost for 72 
patients in US$ 
during 
hospitalization 
days. 

1,885.7/986 
days/72 
patients 

8,279.91/889 
days/72 
patients 

The average cost 
(US$) of 
hospitalization 
for each patient 

809.122 726.44 

 
 
 
 
 

 
 
 
 
 

 
 

Treatment Total N N of Events Censored 
N Percent 

1 72 32 40 55.6% 
2 72 47 25 34.7% 

Overall 144 79 65 45.1% 
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Presentation of cost vs effectiveness 
Table 9. presentation of cost vs effectiveness of anticoagulants (Heparin and Enoxaparin) for hospitalized, 
severe –critical COVID-19 infected patients. 

Cost-effectiveness analysis 
Cost-effectiveness plane  

Heparin had a lower cost and higher effect 
compared to Enoxaparin so it is located at the 
negative side of y-axes= -7.36, and the positive side 
of x-axes= +179.1, at quadrant (II) which means 
Heparin is cost-effective (Dominant). See (Figure 5) 

 

 
Figure 5 .Cost –effectiveness plane ,graphical 
presentation of cost – effectiveness of 
anticoagulants used for hospitalized 
severecritical COVID-19 infected patients. 
 

 
Incremental net benefit analysis 
INB= (Lambda * (effect of Heparin – effect of 
Enoxaparin)) –(cost of Heparin – cost of 
Enoxaparin) 
Equation 1. incremental net benefit equation. 

Average willingness to pay to decrease the 
level of D-dimer from the abnormal average of 
COVID-19 infected patients to the normal range 
was= 45.9$. 

The D-dimer level should be reduced by 
2034.67 ng/dl to be within the normal range. So 
WTP to reduce one unit of D-dimer was =  
45.9$/2034.67 ng/dl= 0.022$ / 1 ng/dl of D-dimer 

INB = (0.022$ * (24.4-(-154.701))-(2.08$-
9.44$)=  +11.3 

The positive result means that Heparin is 
more cost effective than Enoxaparin. 

 
 
 
 
 
 
 

1. Cost consequence analysis 
Treatment Heparin Enoxaparin 

Total cost in $ US for 72 patients 1,885.7/986 days/72 
ptients 

8,279.91/889 days/72 patients 

Average cost in $ US per day per patient 2.08 ± 0.5$/day/patient 9.44 ± 1.9$ /day/patient 

Outcome  
Decreased  -24.4 ± 

26.614ng/dl/day 

 
Increased +154.70 ± 504.6 ng/dl/day Average D-dimer difference per day 

Survival rate 55% 35% 

The average length of stay (days) 13.7 ± 8.1 12.3 ± 9.9 

2. Average cost-effectiveness ratio (CER): 

Average cost in $ US per unit (1ng/dl) of 
D-dimer changed per day per patient 

2.08/24.4= 0.085 $ U.S 
per 1 ng/dl of D-dimer 

decreased 

9.44/-154.7= 0.061 $ U.S per 1 ng/dl 
of D-dimer increased 

Cost in $ U.S per one percent increase in 
survival rate 

1,885.7 $/55= 34.28$ 
per one percent of 

survival rate 

8,279.91$ /35= 236.56 $ per one 
percent of survival rate 

The average cost in $ U.S of decreasing 
hospitalization duration for one day. 

809.122 $/13.7day= 
59.06 $ per day 

 

726.44$/12.3 day= 59.06 $ per day 

3. Incremental cost-effectiveness ratio: Heparin compared to Enoxaparin 

Outcome Incremental cost-effectiveness ratio (ICER) 

The average change in 
D-dimer level per day 

(2.08$-9.44$)/(-24.4(ng/dl)-154.7(ng/dl))= 0.041$ saved per extra unit of D-
dimer decreased. 

Survival rate (1,885.7 $- 8,279.91 $)/55%-35%= 319.71$ saved per one percent increase in 
survival rate. 
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Discussion 
The current study has shown that levels of 

D-dimer of COVID-19 infected patients were higher 
than normal range (p.value <0.05). There are many 
reasons which might contribute to this rise in D-
dimer values in COVID-19 patients such as: I) 
infection which can cause the release of pro-
inflammatory cytokines, thus causing an 
inflammatory storm(26). II) Some patients with 
COVID-19 have different degrees of hypoxia and 
inflammation which could lead to thrombosis or 
increased oxygen consumption(27). III)Severe 
infection or acute inflammation caused by sepsis 
could also affect blood coagulation(28) therefore, D-
dimer tests are extremely useful for the diagnosis of 
thrombotic diseases hence, patients with COVID-19 
were reported to have a hypercoagulable state(29). 

D-dimer levels are associated with the 
severity of COVID-19 infection, where higher D-
dimer levels were associated with a high mortality 
rate. Number of studies have shown that the severity 
of patients with COVID-19 was significantly related 
to D-dimer concentrations. Meanwhile, the severe 
COVID-19 patients tend to have a higher 
concentration of D-dimer when compared with non-
severe patients.  This suggests that D-dimer could be 
used to evaluate the severity of infection(30-31) 

The D-dimer levels in patients who died 
from the infection were significantly higher than 
those of surviving cases (32) where 71% of patients 
who died from COVID-19 were found to have met 
the disseminated intravascular coagulation (DIC) 
standard(16). 

Critical D-dimer values are associated with 
advanced age, male gender, dyspnea, hypertension, 
coronary heart disease, diabetes, and 
cerebrovascular disease (p < 0.05). (33). 

Results of this study found that there is no 
effect of gender on D-dimer levels while, abnormal 
D-dimer values were identified in patients over 60 
years old age (p < 0.001). Other studies suggest that 
higher D-dimer levels are associated with the male 
gender(33), and others showed it is associated with 
the female gender where women were at a higher 
risk of developing thrombotic disorders in COVID-
19 infection(34). Overall, it seems that, there is an 
association between age and D-dimer levels (33,34). 

Of note, the results of the present study 
have shown that treatment with Heparin was more 
effective in decreasing D-dimer levels and mortality 
rates than Enoxaparin,  but it was associated with a 
longer duration of stay. These results are in contrast 
with other studies which found that Enoxaparin was 
more effective than Heparin as anticoagulant 
therapy for COVID-19 infected patients. Patients 
who administered Enoxaparin had a lower mortality 
rate, lower ICU admission rates, and shorter hospital 
/ ICU stays than those who received unfractionated 
Heparin(35).  

Previous studies have suggested that 
Enoxaparin may be more effective than 
unfractionated Heparin in certain cases of treatment 
and prophylaxis of coagulopathies., for example in 
the prevention of venous thromboembolism 
(VTE)(36,37). Furthermore, some studies reported that 
Enoxaparin treatment in COVID-19 might be 
effective not only as anticoagulants but also has an 
anti-inflammatory effect. Therefore,  starting 
Enoxaparin treatment in the earlier stage will 
decrease the risk of micro-thrombosis in vital 
organs(38). 

This controversy in results leaves several 
questions and possibilities. It might be due to the 
different effects of anticoagulants in different D-
dimer values. Patients with D-dimer levels < 1 
µg/mL did not appear to benefit from 
anticoagulation while patients with D-dimer levels > 
10 µg/mL derived the most benefit(39). In addition, 
different FDA indications were reported for 
Enoxaparin(40) and Heparin(41). The label of 
Enoxaparin includes the prophylaxis and treatment 
of deep vein thrombosis (DVT) with or without 
pulmonary embolism (PE) in various settings, while 
the label of Heparin includes similar prophylactic 
indications as well as the treatment of a broader 
spectrum of acute embolic events including 
peripheral arterial embolism and embolism in the 
setting of atrial fibrillation. 

It is worth mentioning that, the results of 
this study may be influenced by unmeasured 
variables which are not recorded in this dataset, such 
as; prothrombin time (PT), partial thromboplastin 
time (PTT), the international normalized ratio 
(INR), erythrocyte sedimentation rate (ESR), 
respiratory rate (RR), inflammatory cytokines 
(cytokine storm). 

Other contributory factors which might 
have a role in the findings are: the circumstances of 
storage of the biological anticoagulants; the correct 
doses and methods of administrations for 
anticoagulants; different circumstances of carrying 
out D-dimer tests because the proficiency of testing 
are highly variable from one mthod to another. 
Notebly, changing the type or magnitude of units 
from that recommended by the manufacturer are 
associated with as much as a 20-fold increase in the 
failure of proficiency testing of D-dimer. (24) 

With regards to the cost, Heparin has a 
lower cost than Enoxaparin, (this includes only the 
cost of medication), taking into account the 
difficulties in estimating other costs such as indirect 
costs, non-medical costs, and additional costs that 
result from side effects of the treatment. 
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On the other hand, other studies revealed 
that Enoxaparin is associated with a significant cost-
saving impact when used for therapy for patients 
with venous thromboembolism compared to IV 
Heparin (42,43). In contrast, other studies reported that 
Enoxaparin is associated with a non-significant 
reduction in total hospital costs compared with the 
appropriate use of UFH prophylaxis(44).Overall, the 
results of the present study motivate further studies 
to investigate reasons for differences in the 
outcomes and future trials that could enable the 
development of a more efficacious standard of 
practice in regards to the administration of 
anticoagulants in COVID-19 patients. Prospective 
analysis comparing the efficacy of Enoxaparin and 
unfractionated Heparin is warranted (35). 
Conclusion 

Originator Heparin was a more cost-
effective anticoagulant therapy compared to 
originator Enoxaparin, it had a better effect in 
decreasing D-dimer level and higher survival rate, 
where the differences in the effect on those two 
outcomes were significant. In addition, Heparin was 
associated with a lower cost, treatment with Heparin 
has resulted in positive INB= 11.3, where a positive 
result means that Heparin is more cost-effective than 
Enoxaparin. The two methods of 
pharmacoeconomic analysis have revealed that 
Heparin was more cost-effective than Enoxaparin in 
treating COVID-19 infected patients. 
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