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Killip classification and baseline heart rate can be used to predict
streptokinase-induced hypotension in acute myocardial infarction
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Abstract. Streptokinase is the thrombolytic therapy of choice
for acute myocardial infarction in hospitals without cardiac
facilities. Streptokinase-induced hypotension is one of the
common adverse drug reactions and is usually observed within
30 min of an intravenous streptokinase infusion. The present
study aimed to identify predictive clinical parameters for the
development of hypotension in patients with acute myocardial
infarction. The present retrospective study involved data tran-
scription from National Indicator Approach (NIA) records of
acute myocardial infarction recorded between 2015 to 2018.
Multivariate analysis was performed to evaluate potential predic-
tors of streptokinase-induced hypotension and to determine the
association between selected clinical variables in patients with
streptokinase-induced hypotension. The present study included
a total of 412 patients with acute myocardial infarction adminis-
tered streptokinase. The majority (n=258, 62.6%) did not develop
any complication from the therapy, whereas 109 (26.5%) devel-
oped hypotension at 18.5 (interquartile range, 10.00) min from
the initiation of therapy. Multiple logistic regression analysis
revealed that with every one-unit increment in the baseline heart
rate, the risk of hypotension was reduced by 2.6%. Additionally,
patients classified as Killip class III and IV were at an increased
risk (5-fold) of developing hypotension as compared with those
classified as Killip I. Therefore, as demonstrated herein, these
predictive factors may assist clinicians in identifying susceptible
individuals and may encourage vigilance when delivering strep-
tokinase therapy.

Introduction

Streptokinase is a protein harvested from B-hemolytic
Streptococci (1). It has been established that streptokinase
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possesses fibrinolytic properties through the activation of
plasma plasminogen via fibrin-dependent and fibrin-inde-
pendent pathways (2). Therefore, streptokinase has been
used as one of the therapeutic modalities in the treatment of
thrombo-embolic diseases, such as pulmonary embolism and
acute myocardial infarction. Despite its proven efficacy, hypo-
tension is a common side-effect observed with intravenous
streptokinase therapy in patients with acute myocardial
infarction.

Hypotension with streptokinase therapy is commonly
attributed to the non-specific effect of streptokinase, as it
not only activates the clot-derived plasminogen, but also the
circulating plasma plasminogen, resulting in systemic fibrino-
lysis and fibrinogenolysis (3); thus, its uses is associated with
the occurrence of hypotension and bleeding tendencies (4-6).
Streptokinase-induced hypotension has been the subject
of interest since the 1970s. To date, the exact mechanisms
responsible for its development remain obscure (7).

Therefore, the present study aimed to predict the occur-
rence of streptokinase-induced hypotension from selected
baseline clinical parameters in order to aid the identification
of patients with acute myocardial infarction who are at risk of
developing hypotension during streptokinase therapy.

Patients and methods

Patients. This cross-sectional study involved data transcrip-
tion from hospital National Indicator Approach (NIA) records
for acute myocardial infarction (AMI) cases recorded at the
Emergency and Trauma Department of Hospital Tuanku
Fauziah (HTF), Perlis, Malaysia from 2015 to 2018. Acute
myocardial infarction was diagnosed in the presence of typical
signs and symptoms, the presence of suggestive electrocardio-
graphic changes, and positive cardiac markers (including, but
not limited to troponin test).

ST-elevation acute myocardial infarction cases receiving
intravenous streptokinase were included in the present study.
On the other hand, patients requiring prior hemodynamic
stabilisation prior to streptokinase administration (i.e.,
requiring inotropic support or glyceryl trinitrate infusion
prior to streptokinase), or prior cardiopulmonary resuscitation
were excluded from the study. Information on demographic
details (personal identifier, age, sex, race) and acute manage-
ment details (time of streptokinase delivery and completion,
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side-effects observed during streptokinase and management,
and vital signs (serial blood pressure and heart rate recording
during streptokinase) were transcribed into a separate data
sheet. The Killip classification quantifies the severity of heart
failure following acute myocardial infarction as follows: Killip
class I refers to no evidence of heart failure; class II refers
to signs of suggestive of mild-to-moderate heart failure, such
as the presence of S3 gallop and distended jugular veins;
class III refers to overt pulmonary edema, and class IV refers
to cardiogenic shock (8).

Laboratory results obtained at pre- and immediately
post-streptokinase delivery were traced from the digital records
of the hospital database. Laboratory data included data for
baseline cardiac enzymes, such as creatine kinase (CK)-MB
(CKMB), full blood count and renal profile.

Ethical clearance. The present study was registered with
the National Medical Research Registry of Ministry of
Health, Malaysia NMRR-19-2871-50953 and received
ethical clearance from the Medical Research and Ethics
Committee (MREC), Ministry of Health Malaysia
[KKM/NIHSEC/P19-2421(5)]. Informed consent related to
the present study was waived by the Medical Research and
Ethics Committee of the Ministry of Health Malaysia. The
study only utilized secondary data source and did not involve
any form of physical interaction with the patients.

Statistical analyses. Statistical analyses were conducted using
IBM SPSS software version 23.0 (IBM Corp.). Descriptive
data, such as sex and race were described using percentages
and distribution. Numerical data (such as age and baseline
hemoglobin) were described as the mean + standard deviation;
however, skewed data, such as the Troponin-I level, baseline
total white blood cell count, baseline platelet count, baseline
neutrophil count, baseline urea and baseline creatinine level
were described as the median and interquartile range (IQR).

Continuous variables between two groups (hypo-
tensive vs. normotensive) were compared using an
independent t-test in data with normal distribution (i.e., age),
and with the Mann-Whitney U test in data with skewed
distribution (i.e., Troponin-I level, baseline total white blood
cell count, baseline platelet count, baseline neutrophil count,
baseline urea and baseline creatinine levels).

Pearson's Chi-squared test of independence was performed
to determine the association between categorical variables
(sex, location myocardial infarction, baseline creatine kinase
levels), between patients with hypotension vs. those with no
hypotension. For categorical associations not eligible for
Pearson's Chi-squared test (by having >20% of the expected
counts of <5), a corresponding Fisher's exact test was
performed (i.e., baseline urea/creatinine ratio).

Repeated measures analysis of variance (ANOVA) with
the Greenhouse-Geisser correction was performed to examine
the effect of time on systolic and diastolic blood pressure. The
Greenhouse-Geisser correction was applied to adjust for the
lack of sphericity in repeated measures ANOVA. Multivariate
analysis was performed to identify predictive factors contrib-
uting to systemic hypotension through simple logistic regression
(SLR) and multiple logistic regression (MLR) analyses. MLR
was performed using the ENTER method whereby all the

variables were included in the modelling regardless of their
independent statistical significance. The ENTER method was
selected in view of its default option for regression analysis in
the majority of statistical software (9). Nagelkerke R squares
provides the indication of the amount of variation present in
the dependent variable able to be explained by the model. The
value ranges from zero (0) to one (1), and commonly described
in percentage (10). A probability value (P-value) <0.05 was
deemed as statistically significant.

Results

Patients with treatment-related complications. There were
412 patients enrolled in the present study based on the
pre-defined criteria. The majority of the patients (n=258, 62.6%)
did not develop any complications from the therapy, whereas the
most common adverse drug reactions observed among patients
who were treated was hypotension (n=109, 26.5%), hyperten-
sion (n=16, 14.7%), allergic reaction (n=11, 2.7%) and bleeding
tendencies (n=11, 2.7%). The less common complications
included bradycardia (n=5, 1.2%) and arrhythmia (n=2, 0.4%).
The mean age of the study participants was 59.3+12.61 years.
The majority were male (n=303, 73.5%) and of Malay descent
(n=328, 79.6%). Anterior myocardial infarction was more
common Vs. inferior myocardial infarction (50.1 vs. 41.7%).

Baseline study parameters. The demographic characteristics
and comparison of baseline parameters between patients
with streptokinase-induced hypotension and patients with
no hypotension from streptokinase therapy are presented
in Table I. Only complete datasets with regards to individual
variable were included in this descriptive analysis; hence, the
cumulative numbers may not add up to the total of 412 patients.

Systolic and diastolic blood pressure. The mean systolic blood
pressure recorded at baseline was 138.1+21.09 mmHg in
patients with no hypotension and 131.6+22.91 mmHg in patients
with streptokinase-induced hypotension, #(357)=2.56, P=0.011.

The mean diastolic blood pressure recorded at baseline
was 86.7+15.33 mmHg in patients with no hypotension and
80.4+15.16 mmHg in patients with streptokinase-induced
hypotension, #(356)=3.46, P=0.001.

Fig. 1 presents a graphical comparison of the systolic and
diastolic blood pressure variations with time between patients
with streptokinase-induced hypotension and no hypotension.

Sub-analysis in patients with streptokinase-induced hypotension.
Sub analyses in patients with streptokinase-induced hypoten-
sion were performed on 109 subjects. The median duration for
patients to develop streptokinase-induced hypotension was at
18.5 min (IQR, 10.00 min) from the initiation of intravenous
streptokinase infusion therapy (range, 2.0-60.0 min).

The lowest mean arterial pressure recorded among
patients with streptokinase-induced hypotension was
54.6+£9.72 mmHg. The lowest recorded mean systolic blood
pressure among patients with streptokinase-induced hypo-
tension was 75.8+10.81 mmHg, whereas the lowest recorded
mean diastolic blood pressure was 42.9+10.37 mmHg, and the
mean heart rate recorded at the lowest blood pressure drop
among this group of patients was 76.5+20.74 beats per minute.
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Table I. Baseline characteristics and parameters of study population.

Hypotension No hypotension

Variable(s) Mean (SD) n (%) Mean (SD) n (%) P-value
Age* 60.6 (10.79) 106 (29.2) 58.7 (13.27) 257 (70.8) 0.158
Sex® 0.100

Male 84 (27.7) 219 (72.3)

Female 24 (38.1) 39 (61.9)
Race® 0.103

Malay 99 (30.2) 229 (69.8)

Chinese 3(12.5) 21 (87.5)

Indian 3(33.3) 6 (66.7)

Others 3 (60.0) 2 (40.0)
Location MI° 0.090

Anterior 47 (25.5) 137 (74.5)

Inferior 52 (34.0) 101 (66.0)
Baseline CK" (U/1) 0.970

Normal (<171) 52 (31.1) 115 (68.9)

Raised (=171) 43 (30.9) 96 (69.1)
Baseline SBP 131.6 (22.91) 138.1 (21.09) 0011f
Baseline DBP 80.4 (15.16) 86.7 (15.33) 0.001*
Baseline Trop-1¢ (ng/ml) 2.0 (0.96) 18 (32.1) 2.3 (1.10) 38 (67.9) 0.329
Baseline TWBCY (x10%/ul) 12.1 (4.20) 95 (28.5) 11.5(5.51) 238 (71.5) 0.465
Baseline Hb* (g/dl) 13.8 (1.86) 95 (28.5) 14.2 (2.02) 238 (71.5) 0.069
Baseline Plt count! (x10%/ul) 277.0 (93.00) 95 (28.7) 258.5(95.0) 236 (71.3) 0.240
Baseline neutrophil count® (x10%/u1) 74 (5.19) 95 (28.5) 6.9 (4.69) 238 (71.5) 0.601
Baseline urea? (mmol/l) 5.2(3.20) 94 (30.7) 4.6 (2.40) 212 (69.3) 0.107
Baseline creatinine! (umol/l) 107.0 (40.0) 94 (30.7) 96.0 (32.00) 212 (69.3) 0.142
Baseline Ur/Creat ratio®* 0.793

Pre-renal 4 (40.0) 6 (60.0)

Renal 11 (30.6) 25 (69.4)

Post-renal 5(38.5) 8 (61.5)

Only complete datasets with regards to individual variable and grouping were included in this descriptive analysis, hence the cumulative
frequency may not add up to the total of 412 patients (as observed with age, sex, race, location MI, baseline CK, baseline SBP and DBP,
baseline troponin-I, baseline TWBC, baseline Plt, baseline neutrophil count, baseline urea, baseline creatinine, and baseline urea/creatinine
ratio). The percentage calculated was also based on the total number of complete dataset, hence missing data were not counted for. *Data were
analyzed using an independent t-test; *data were analyzed using Pearson's Chi-squared test of independence; °data were analyzed using Fisher's
exact test; “data were analyzed using the Mann-Whitney U test (presented as the median and interquartile range). Hydration status was assessed
quantitatively through the increased urea/creatinine ratio with a urea level >10 mmol/l. Pre-renal features may suggest dehydration. 'P<0.05,
indicates statistical significance. CK, creatine kinase; Trop-I, Troponin-I; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Similarly, both groups of patients (with and without hypo-
tension) received the median cumulative dosage of 33.9 ml
(IQR, 18.30 ml; range, 3.7-109.8 ml) of intravenous streptoki-
nase, which equates to 508,500 IU of streptokinase.

The results of repeated measures ANOVA between the
systolic blood pressure, diastolic blood pressure and heart
rate at baseline, and at 10, 20 and 30 min during streptokinase
therapy in patients with streptokinase-induced hypotension
are presented in Table II.

Predictors of streptokinase-induced hypotension. SLR was
conducted to determine the odds of each selected variable in
predicting streptokinase-induced hypotension independently,

whereas MLR was performed done to determine the optimal
predictive model with a combination of variables that could
positively predict the occurrence of streptokinase-induced
hypotension (Table IIT). Only complete datasets with regards to
individual variable were included in this descriptive analysis,
hence the cumulative numbers may not add up to the total of
412 patients.

MLR using the ENTER method revealed that Killip catego-
ries and baseline heart rate were predictive to the development
of hypotension after adjusting for age, sex, baseline CK and
baseline systolic and diastolic blood pressures. The Nagelkerke
R-squared measures determined that 12.9% of the variation in
the dependent variable can be explained by the model.
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Table II. Changes in blood pressure in patients with hypotension receiving streptokinase.

Pre-STK During STK therapy
Variable(s) Baseline mean (SEM)  10-min mean (SEM)  20-min mean (SEM) 30-min mean (SEM) P-value
SBP* (mmHg) 130.7 (2.33) 108.5 (3.05) 100.0 (2.75) 1145 (2.24) <0.001°
DBP* (mmHg) 80.0 (1.58) 66.7 (2.24) 59.9 (1.97) 69.0 (1.41) <0.001°
HR* (bpm) 78.4 (1.96) 77.6 (1.91) 77.8 (2.08) 79.8 (2.12) 0.441

‘Data were analyzed using a repeated measures ANOVA and the Greenhouse-Geisser correction. HR, heart rate; DBP, diastolic blood pressure;
SBP, systolic blood pressure; SEM, standard error of the mean; STK, streptokinase. "Data were statistically significant (P<0.05).
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Figure 1. Systolic and diastolic blood pressure variations with time in patients with hypotension vs. those with no hypotension. SBP, systolic blood pressure;

DBP, diastolic blood pressure.

It was found that with every one-unit increment in the heart
rate, the risk of hypotension was reduced by 2.6%. Additionally,
patients classified as Killip III and IV had increased odds for
the development of hypotension by ~5-fold as compared to
those classified as Killip 1.

Discussion

Fibrinolytic therapy is secondary to the gold standard percu-
taneous coronary intervention (PCI) for the management of
patients with acute myocardial infarction (11). Despite being
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the gold standard treatment approach for myocardial infarc-
tion, the availability of PCI service is limited to cardiac referral
centers, particularly in developing countries. The majority
of public healthcare institutes without cardiac facilities still
utilize first generation thrombolytics, such as streptokinase,
as the primary mode of management in patients with acute
myocardial infarction.

The present study determined that the hypotension
observed during the intravenous infusion of streptokinase was
a specific side-effect of the therapy in view of the comparable
baseline demographic data and pertinent cardiac biomarkers,
such as CKMB and Troponin-I, between patients with hypo-
tension and without hypotension.

It was found that the onset of streptokinase-induced
hypotension at occurred 18.5 min (IQR, 10.00 min)
from the initiation of intravenous streptokinase therapy,
synonymous to other studies that have reported a mean of
15-30 min (4,12-14).

Previous studies have also suggested that streptokinase-
induced hypotension is a dose-related phenomenon (15-17);
however, this hypothesis could not be supported, as the present
study found no association between streptokinase cumulative
dosages with the lowest documented mean arterial pressure.
This finding was also shared by other previous studies that
have suggested that an accelerated streptokinase delivery
>20-30 min, instead of the conventional 60-min infusion is
equally safe, apart from offering higher coronary reperfusion
rates (17-19).

As regards the predictive factors for streptokinase-induced
hypotension, the present study found that there were no signifi-
cant differences in the baseline cardiac-specific biomarkers,
such as the CKMB and Troponin-I levels between patients with
hypotension and patients with no hypotension. Hence, it could
not be proved that the occurrence of hypotension during strep-
tokinase therapy is related to the extent of myocardial injury,
as similarly observed by in the study by Pachai et al (20).
Other baseline clinical components that were considered as
potential confounding factors to the development of hypoten-
sion during intravenous streptokinase therapy include a poor
hydration status (15) and inferior infarcts (21). In the present
study, the state of hydration was determined from the dispro-
portionate increase in the urea to creatinine ratio, which was
insignificant between the two groups in the study population.
Additionally, neither anterior nor inferior infarcts, predicted
the occurrence of hypotension during streptokinase therapy
in the present study; a similar observation was reported in the
study by Chau and Choi (21).

The present study did not use other underlying comorbidi-
ties in patients, such as diabetes or hypertension as factors
in the predictive model, as the present study focused on
the immediate side-effects of streptokinase therapy during
the acute onset of myocardial necrosis. The presence and
level of control of these underlying medical problems were
indeed significant risk factors for the development of acute
myocardial infarction; however, they have not been proven
to independently influence the development of hypotension
during streptokinase therapy. However, the present study
examined all the measurable determinants of blood pressure,
including factors that affect cardiac output and systemic
vascular resistance. This included the measurements of

heart rate, calculated whole blood viscosity and the assess-
ment of hydration.

To the best of our knowledge, no previous study to date
has investigated the potential baseline clinical parameters for
the prediction of the development of streptokinase-induced
hypotension. The present study revealed two baseline
parameters that significantly predicted the occurrence of
hypotension in patients with acute myocardial infarction
receiving streptokinase therapy, which are the baseline heart
rate prior to streptokinase therapy and the Killip classification.
The Killip classification was first introduced in 1967 (22) as a
tool in clinical practice to assess the severity of heart failure
following myocardial infarction. The four stages of Killip clas-
sification ranges from no clinical signs of heart failure to overt
cardiogenic shock. Secondly, the lower baseline heart rate
was also determined to be predictive of hypotension during
streptokinase therapy. The heart rate is part of the hemody-
namic markers and reflects the autonomic function of the
heart and residual myocardial reserve following myocardial
injury. Therefore, it may also affect blood pressure through
the modulation in cardiac output. This finding is in agreement
with that of the study by Lew et al (12) who found that patients
with a compromised hemodynamic status had a higher risk of
developing hypotension during streptokinase therapy.

Therefore, these predictive factors may assist clinicians
in identifying susceptible individuals and may encourage
vigilance when delivering streptokinase in patients with acute
myocardial infarction.

In conclusion, the findings of the present study underscore
the importance of clinical vigilance during streptokinase
therapy. The anticipation of hypotension in susceptible indi-
viduals prompts caution during clinical management to prevent
further hypoperfusion in the acutely ischemic myocardium. A
hypotensive episode during acute myocardial infarction could
further extend the rate of myocardial necrosis and affect the
non-ischemic myocardium as well, particularly if the areas are
supplied by collaterals of stenotic coronary arteries.
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