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ABSTRACT

Background: Recombinant tissue-type plasminogen activator is an option of treatment for
suspected occlusive vascular thrombi and its sequel (transmural myocardial infarction, pulmonary
embolism, and ischemic stroke). The most important concern associated with those patients is the
fear of hemorrhagic complications.
Objectives: To evaluate the incidence and risk factors of bleeding following the use of recombinant
tissue-type plasminogen activator.
Materials and methods: This prospective study was conducted in the Intensive Care Units of
Roj-halat Emergency Hospital and Rizgary Teaching Hospital in Erbil city, Iraq. The duration
of the study was through the period from 1st of June, 2016 to 1st of March, 2017. A convenient
sample of 100 patients was selected. The patients were followed after their admission to Intensive
Care Units for 24 hours after their treatment with recombinant tissue-type plasminogen activator
to explore their complications.
Results: Bleeding complication represented 10% of patients treated with recombinant tissue-type
plasminogen activator (50% for each major and minor bleeding). There was a significant association
between increased age of patients treated with recombinant tissue-type plasminogen activator
and bleeding (P-value = 0.01). Patients with a history of hypertension, diabetes, and smoking
were significantly associated with a bleeding complication of recombinant tissue-type plasminogen
activator (P-value <0.05).
Conclusion: The incidence of bleeding among patients after treatment with recombinant tissue-
type plasminogen activator in the intensive care unit was acceptable. The age, diabetes, smoking,
and hypertension were risk factors for increasing the bleeding complications in subjects treated
with recombinant tissue-type plasminogen.
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INTRODUCTION

P
lasminogen is a glycoprotein formed in the liver,
and it circulates in the blood, with a half-life of 2.2
days. Plasmin is formed from its precursor plas-
minogen. It has the ability to lyse fibrin clots to

fibrin degradation products (FDP) and D-dimer; the con-
version to active protease is mediated by tissue-type (tPA)
and urokinase-type (uPA) plasminogen activators. Alpha2-

∗ Corresponding author: E-mail: imadtah444@gmail.com
Phone number: +9647902212659

antiplasmin is the main inhibitor of the generated plasmin
which quickly inactivated [1, 2].

Myocardial infarction (MI) is a life-threatening condition
that results from the reduction of oxygen supplying the car-
diac tissue due to coronary artery occlusion. The end result
is the death of heart tissue with a reduction of cardiac output
and blood pressure.

As a result of low blood pressure, sympathetic stimulation
occurs and leads to vasoconstriction which results in a reduc-
tion of coronary blood flow hindering even more heart con-
tractility, ultimately leading to cardiogenic shock and death.
So, immediate treatment of the MI prevents more tissue death
and the development of cardiogenic shock [3].
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The main objective in the treatment of MI is restoring the
cardiac blood flow in the shortest possible time. To achieve
this aim, there are various ways include minimally invasive op-
erations like percutaneous coronary interventions (PCI), and
pharmacological drugs like recombinant tissue-type plasmino-
gen activator (rtPA) [3].

The pre-hospital treatment of MI reduces morbidity and
mortality, therefore, it became an essential therapeutic op-
tion [4]. Pre-hospital thrombolysis gives certain advantages,
such as immediate access, and the possibility to add adjunc-
tive drugs [4]. Thrombi that involve the deep veins of the
lower limbs, pelvis, renal, upper limbs, or the right cardiac
champers might result in the development of pulmonary em-
bolism (PE). The thrombolytic agent should be used in in-
dividuals with acute PE associated with low blood pressure
and without a high risk of bleeding [5].

In the USA, the following thrombolytic drugs Alteplase,
Reteplase, and Tenecteplase are approved for the treatment
of MI. While, Tenecteplase is used in the treatment of MI dur-
ing the pre-hospital period, before the availability of PCI [6].
Intravenous ACTILYSE is used in adults to lyse suspected
occlusive coronary artery thrombi associated with evolving
transmural MI. The treatment can be initiated within 12
hours of symptom onset [7]. The following should be con-
sidered in management:

1. Ischemic symptoms or equivalent ≤ 12 h.
2. ST-elevation ¿1mmin2 contiguous leads.
3. Bundle-branch block presumed to be new.

Also, ACTILYSE is used in subjects with acute massive PE
and acute ischemic stroke in whom the thrombolytic agent is
considered appropriate [8, 9]. Early initiation of thrombolytic
agents has a more favorable result [10, 11]. We aimed to assess
the incidence and risk factors of hemorrhage after the use of
a rtPA.

MATERIALS AND METHODS

This study is a prospective study conducted in the Inten-
sive Care Unit (ICU) of Roj-halat Emergency Hospital and
ICU of Rizgary Teaching Hospital in Erbil. The duration of
the study was through the period from 1st of February 2016
to 1st of March, 2017. Patients with cardiovascular diseases
admitted to ICU of Roj-halat Emergency Hospital and ICU
of Rizgary Teaching Hospital and treated with rtPAs were the
study population.

Inclusion criteria were all patients who were indicated for
treatment via rtPA and stay at ICU for at least 24 hours af-
ter drug infusion. The exclusion criteria were patients left the
hospital before 24 hours and the patient died before 24 hours
due to causes other than hemorrhage (cardiac complications
mostly ). A convenient sample of 100 patients treated with
rtPAs in ICU was selected after eligibility for inclusion and
exclusion criteria. Informed consent was taken from every
subject. The study was approved by the Arab Board Com-
mittee.

Detailed information was taken from every patient regard-
ing the age, gender, occupation, history of smoking, diabetes
mellitus, hypertension, heart failure, coronary artery disease,
and other chronic diseases, and evidence of bleeding after
treatment with rtPAs. Bleeding from the gum was consid-
ered minor form, while, intracranial hemorrhage (ICH) was
considered a major type.

The number of Platelets, PT, APTT, serum creatinine, and
blood urea were recorded for every subject. The data were an-
alyzed using version 22 SPSS for quantitating and qualitative
variables. P Value < 0.05 considered a statistically significant
difference.

RESULTS

A total of 100 patients admitted to ICU and treated with
rtPA were included in this study with a mean age of 62.1±11.2
years; 60% of them were affecting the age groups ¡50 and 60-
69 years (30% for each group). Males were more than females
with male to female ratio as 1.3:1. Most occupation of our
patients was retired (43%). All these findings were shown in
Table 1.

Most of our patients with a history of hypertension (66%),
smoking (62%). While, the majority without a history of
heart failure (93%), coronary heart diseases (84%) and other
chronic diseases (91%) Table 2.

The results of investigations (Platelets, PT, APTT, serum
creatinine, and blood urea) in the majority of the studied
patients were normal Table 3.

Only 10% (5% for each minor and major bleeding) of the
patients were suffered from bleeding following rtPA treatment
as in Table 4.

There was a statistically significant difference between pa-
tients with or without a history of hypertension, diabetes, and
smoking regarding the bleeding complication P-value <0.05
Table 5.

There was a high statistically significant difference between
the 2 groups (bleeding vs non-bleeding) regarding the number
of platelets, PT, and APTT P-value 0.001 Table 6.

DISCUSSION

The biochemical and cellular changes of blood represented
in balance referring to hemostasis which working in two ways;
fibrinolysis aiming in maintaining blood in fluid state and co-
agulation aiming in preventing blood loss [1]. The most com-
monly used fibrinolytic nowadays is the rtPAs which are the
results of genetic engineering techniques DNA sequence mu-
tations of tissue-type plasminogen activators. The new ver-

Table 1. Sociodemographic characteristics of patients treated
with rtPA.

Variable No. %

Age
<50 years 30 30.0
50−59 years 26 26.0
60−69 years 30 30.0
≥70 years 14 14.0
Total 100 100.0
Gender
Male 56 56.0
Female 44 44.0
Total 100 100.0
Occupation
Housewife 32 32.0
Public servant 8 8.0
Self-employed 17 17.0
Retired 43 43.0
Total 100 100.0
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Table 2. Sociodemographic characteristics of patients treated
with rtPA.

Variable No. %

Hypertension
Yes 66 66.0
No 34 34.0
Total 100 100.0
DM
Yes 48 48.0
No 52 52.0
Total 100 100.0
Heart failure
Yes 7 7.0
No 93 93.0
Total 100 100.0
Coronary heart diseases
Yes 16 16.0
No 84 84.0
Total 100 100.0
Smoking
Yes 62 62.0
No 38 38.0
Total 100 100.0
Other chronic diseases
Yes 9 9.0
No 91 91.0
Total 100 100.0

Table 3. Investigation results of patients treated with rtPA.

Variable No. %

Platelets mean±SD (156.7±25.5×109/L)
Normal 90 90.0
Low 10 10.0
Total 100 100.0
PT mean±SD (13.2±1.4 seconds)
Normal 95 95.0
Prolonged 5 5.0
Total 100 100.0
APTT mean±SD (34.9±5.3 seconds)
Normal 95 95.0
Prolonged 5 5.0
Total 100 100.0
Serum creatinine mean±SD (1.3±0.8 mg/dl)
Normal 77 77.0
High 23 23.0
Total 100 100.0
Blood urea mean±SD (45±18.9 mg/dl)
Normal 75 75.0
High 25 25.0
Total 100 100.0

sions of rtPAs were characterized by convenient bolus dosing,
longer half-life, enhanced brin specicity and higher resistance
[2].

Bleeding complications after the use of rtPA in the present
study were detected in the incidence rate of 10% of patients.
This finding is lower than the bleeding rate of 12% reported
by Al-Kubaisi & Al-Rikabi study in Iraq [12] on 50 patients
with myocardial infarction in ICU. Our results are also lower

Table 4. Bleeding complication following rtPA treatment.

Variable No. %

Bleeding
Yes 10 10.0
No 90 90.0
Total 100 100.0
Bleeding types
Major (ICH) 5 50.0
Minor (gums) 5 50.0
Total 10 100.0

Table 5. Distribution of co-morbidities of patients treated
with rtPA according to bleeding.∗

Variable Bleeding No bleeding X2 P
No. % No. %

Hypertension 5.7∗ 0.01
Yes 10 100.0 56 62.3
No 0 − 34 37.7
Diabetes Mellitus 4.5∗ 0.04
Yes 8 80.0 40 44.5
No 2 20.0 50 55.5
Heart failure 2.8∗ 0.1
Yes 2 20.0 5 5.6
No 8 80.0 85 94.4
Coronary heart diseases 0.6 0.4
Yes 3 30.0 13 14.4
No 7 70.0 77 85.6
Smoking 3.7∗ 0.08
Yes 9 90.0 53 58.9
No 1 10.0 37 41.1
Other chronic diseases 1.1∗ 0.6
Yes 0 − 9 10.0
No 10 100.0 81 90.0

∗ Fisher’s exact test.

than the results of Muhamad et al [13] study in Malaysia
which was a retrospective study on MI patients admitted to
the emergency unit from 2009-2011 and found that 12% of
MI patients treated with rtPAs had bleeding complications.
However, the bleeding rate of 10% in the present study is
higher than the bleeding rate of 6.5% found by Erlemeier et al
[14] study in Germany. These differences between studies are
not wide and might be due to differences in study designs and
inclusion criteria. The rtPAs are regarded as novel drugs for
the treatment of myocardial infarction, acute ischemic stroke,
and pulmonary embolism. Although the advantages of rtPAs
use, many contraindications, and serious disadvantages were
discovered in multiple studies [2]. Berkowitz et al [15] study
in Canada showed that the use of rtPAs for MI patients was
associated with much co-morbidity like bleeding (12.6%), long
hospital stay (22%) and mortality (1.1%).

Our study found that 5% of cases after rtPAs had intracra-
nial hemorrhage (ICH) and the other 5% had minor (gums)
bleeding. This finding is higher than the results of Pheer-
awong et al [16] study in Thailand which reported a rate of
ICH as 1%. In another study carried out in the USA by Brass
et al [17], the ICH rate among MI patients in ICU after treat-
ment with rtPA was 1.43%. However, it was documented that
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Table 6. Distribution of investigations findings of patients
treated with rtPA according to bleeding.∗

Variable Bleeding No bleeding X2 P
No. % No. %

Platelets 100∗ <0.001
Normal 0 − 90 100.0
Low 10 100.0 0 −
PT 47.4∗ <0.001
Normal 5 50.0 90 100.0
Prolonged 5 50.0 0 −
APTT 47.4∗ <0.001
Normal 5 50.0 90 100.0
Prolonged 5 50.0 0 −
Serum creatinine 0.03 0.8
Normal 2 20.0 21 23.3
High 8 80.0 69 76.7
Blood urea 2.3 0.1
Yes 5 50.0 70 77.8
No 5 50.0 20 22.2

∗ Fisher’s exact test.

the risk of ICH is ranging from 5-6% among MI and stroke
patients managed by rtPAs. Balami et al study in the UK
stated that causes of ICH were vessel wall breakdown, low
fibrinogen, platelet disruption in addition to disruption of the
blood-brain barrier [18]. Minor bleeding rate of 5% is lower
than the results of Pheerawong et al [16] study in Thailand
which reported a rate of 15.5%. Periodontitis was the com-
mon risk factor that influences minor gums bleeding especially
for elderly age patients [19].

The current study showed a highly significant relationship

between elderly age MI patients and increased incidence of
bleeding after rtPAs treatment (P-value<0.001). This is sim-
ilar to the results of De Jaegere et al [20] study in the Nether-
lands which stated that the ICH rate was increased among MI
patients in ICU after rtPAs treatment. On the other hand,
Soumerai et al [21] study in the USA found many advantages
of rtPA use among elderly patients (>75 years) as compared
to disadvantages. Although the high bleeding risk of rtPAs
for elderly patients with MI, the outcome of MI patients not
treated with rtPAs in ICU remains very high, especially if
weighted against mortality outcome. Previous two Ameri-
can observational studies documented that advantages of rt-
PAs among younger age patients did not include elderly age
MI patients (>80 years) [22, 23]. Previous Spanish study
on 500 elderly patients with STEMI treated with rtPAs in
ICU found after treatment; the mortality rate was 44% which
was attributed to myocardial rupture [24]. Finally, the deci-
sion regarding rtPAs use for elderly patients is dependable on
weighing benefits versus complications [25].

The gender in the present study was not significantly re-
lated to the bleeding risk of rtPAs therapy. This finding is
inconsistent with the results of Brass et al [17] study in the
USA which revealed that female gender MI patients are signif-
icantly associated with bleeding after rtPA treatment. This
inconsistency might be due to the difference in gender rela-
tionships with MI between different countries.

In conclusion, the incidence of bleeding among patients
after treatment with rtPA in ICU was 10%. The increas-
ing age, diabetes mellitus, smoking, and hypertension were
risk factors for increased bleeding complications in individu-
als treated with rtPA.
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