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Three-Pronged Innovation to Improve Care
for Acute Myocardial Infarction Patients in Cuba

By Gloria Giraldo MPH

Coronary heart disease (CHD) is the main cause of death
worldwide, killing 7 million annually and representing 12.2% of
all global deaths.[1,2] This trend is expected to continue over
the next two decades, with greater implications for low- and
middle-income countries, where three-fourths of CHD deaths
were already occurring by 2001.[3,4] CHD is the leading cause
of death in Latin America and the Caribbean, and there, as well
as in the Mideast and even sub-Saharan Africa, CHD deaths are
expected to triple over the next 20 years.[4,5]

In Cuba, heart disease (including CHD, hypertensive heart dis-
ease, rheumatic fever and chronic rheumatic valvular disease)
has been the number one cause of death since the 1970s.[6,7]
By 2004, CHD accounted for 18.8% of total deaths and 72.5%
of deaths from heart disease (15,000 deaths annually).[8] CHD
mortality declined slowly from 1980 through 1996 and then
turned sharply downward from 1997 through 2002, representing
a 35% cumulative decline.[9] The standardized incidence rate
has varied between 1.71 per 1000 individuals aged >15 years in
1999 and 1.55 in 2008.[10,11] Acute miocardial infarction (AMI)
is a major manifestation of CHD, and several authors place AMI
as the number one cause of death in Cuba.[12,13]

Cuba’s experience over the last decade reveals the synergy of
three innovations at work to tackle this serious health problem:
domestic development of the world’s first recombinant strepto-
kinase, implementation of a primary care strategy that brings
treatment to patients in pre-hospital settings, and a nascent
monitoring system through a national cardiology network. Cu-
ba's response to AMI illustrates the interface of different levels
of care—emergency, primary, secondary and tertiary—to make
a life-saving treatment more widely accessible in the context of
the country’s universal healthcare model.

MANAGEMENT OF ACUTE MYOCARDIAL INFARCTION
AMI causes permanent damage to an area of heart muscle re-
sulting from interruption to the blood supply caused by narrowed
or blocked blood vessels. Management requires rapid restora-
tion of blood flow and mitigation of heart muscle damage, and
organization of care is a vital determinant of patient outcome.
[14] The challenge is to increase coverage and access to early
and appropriate treatment for a wider population. This challenge
provides a unique lens to look at the ubiquitous dilemma of glob-
al health inequity; specifically the issue of access to proven ef-
fective treatment. As with many other conditions, the country
or even region where a person suffers an AMI determines the
probability of survival.

Remarkable treatment advances have been made in the last
three decades and applied with success in certain populations.
The advent of intensive coronary care units and introduction of
several therapeutic strategies, such as reperfusion, resulted in
AMI hospital mortality rates dropping from an alarming 30% to

40% in the 1950s and 1960s to less than 5% in 2006 in some
developed countries, with the caveat that these rates may dis-
guise in-country disparities.[15] Today, reperfusion is the gold
standard in developed countries, its use dependent on certain
and swift availability of medications (thrombolytics) or interven-
tions such percutaneous coronary intervention (PCl, commonly
known as coronary angioplasty).[16]

While data on treatment and outcomes of AMI patients in devel-
oping countries is scarce and mainly derived from small one-site
studies rather than large epidemiological studies or registries,[17]
it is clear that the more costly angioplasty is not a viable option for
the majority. The World Bank’s Disease Control Priorities in De-
veloping Countries Project conducted a cost-effectiveness study
comparing no treatment at all with increasingly more complex op-
tions for more standard AMI treatment in developing countries—
aspirin only, and/or beta blockers, and/or reperfusion, through ex-
clusive use of thrombolysis. Results were reported in incremental
cost per quality-adjusted life-year (QALY) gained. For both as-
pirin and beta-blocker intervention, cost was <US$25 for all six
regions of the developing world; for streptokinase, $630-$730
across regions, compared to aspirin and beta blocker only; and
for the most expensive thrombolytic (tissue plasminogen activa-
tor), about $16,000 compared with streptokinase.[4,5] Conse-
quently, even in use of these treatment options, great variations
are expected, based on personnel training, availability of facili-
ties, and affordability of medicines.

In Cuba’s case, important strides can be observed in the cen-
tral province of Cienfuegos, where the number of AMI admis-
sions doubled over the period 1990-2003 and lethality declined
by 50%. Authors reporting these results suggest the decline
resulted from admission of less severe cases as well as im-
provement in quality of care. By 2003, the Cienfuegos provin-
cial hospital had achieved a total thrombolysis rate of 60%, and
a ‘door-to-needle’ time of about 30 minutes for more than 90%
of all AMI patients.[7] How the smallest province in a resource-
poor country achieved first-world thrombolysis rates is the story
of innovation in biotechnology and health care organization—
with important lessons being applied throughout the national
health system.

INNOVATION No. 1:

CUBAN RECOMBINANT STREPTOKINASE

Although streptokinase was discovered in 1933, it was not until
1986 when a landmark study—the GISSI (Gruppo Italiano per
la Sperimentazione della Streptochinasi nell’Infarto Miocardico)
Trial—demonstrated its effectiveness, indicating that the sooner
an AMI patient was admitted to a coronary care unit and the
drug administered, the better the chance of recovery. Since
then, numerous clinical trials have reinforced the evidence for
streptokinase use.[18]

Emphasis later shifted to discovering which thrombolytic agent
was the best for AMI management. Currently, in addition to
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streptokinase, recombinant tissue plasminogen activators
(r-tPAs) alteplase, reteplase and tenecteplase are used in
developed countries. Comparison studies have found no
evidence showing clear superiority of any one of these.[19,20]
The main differences are associated with mode and duration of
administration, and price. Because the cost of r-tPA is nearly
10-fold that of streptokinase, the latter continues to be the
thrombolytic most available for millions of patients in developing
countries.[18]

Even in developed countries like the United Kingdom, one study
revealed that streptokinase accounted for 55% of thrombolysis
application nationally, compared to alteplase 33% and reteplase
11%.[20] And in Latin America, a middle-income country such
as Chile, which has guaranteed AMI care in the public health
system since 2005, still faces the challenge of thrombolytic
scarcity: r-tPA is considered too expensive and streptokinase
itself is still not available in all hospitals.[21,22] Thus, even
streptokinase, ranked as one of the World Health Organization’s
(WHO) essential drugs,[23] remains a cost-dependent option for
AMI patients.

Precisely to overcome issues of availability and cost, Cuba’s
Center for Genetic Engineering and Biotechnology developed
a domestically-produced thrombolytic, which would become the
world’s first recombinant streptokinase: Heberkinasa. “Its experi-
mental use in Cuban AMI patients began 19 years ago,” Dr Fidel
Caceres, associate director of the Cardiology and Cardiovas-
cular Surgery Institute, told MEDICC Review. One early clinical
study involved 224 Cuban AMI patients from 7 hospitals in 3
provinces. A randomized group of 111 was treated with intrave-
nous Heberkinasa; the remaining 113 patients received natural
streptokinase.[24] The findings revealed no significant differenc-
es in outcomes between the two groups, or regarding coronary
patency, changes in hemostasis, or safety.[25]

Another major study (November 1992—May 1995) included 2923
AMI patients in 52 Cuban hospitals nationwide who received
Heberkinasa. Results were compared with those of thrombolytic-
eligible AMI patients at the same hospitals in 1992, before
streptokinase was introduced. Heberkinasa treatment reduced
deaths by 28.3% (relative decrease) and 4% (absolute decrease).
Intracranial hemorrhage was reported in only 9 patients (0.3%).[26]
Furthermore, a 7-year pharmacosurveillance study (July 1995—
July 2002) concluded that there were no new adverse events for
Heberkinasa and that the nature and severity of reported events
were consistent with earlier clinical trial results.[27]

Although some authors have raised questions about certain
properties of recombinant streptokinase produced in developing
countries,[23] Cuban scientists stand by their product and point
to the clinical trials, the seven-year pharmacosurveillance study, a
thrombolysis rate of approximately 56% and declining AMI lethal-
ity. Streptokinase is also being used in other clinical applications.
Hemodialysis centers use a simple Heberkinasa intraluminal in-
fusion for hemodialysis catheter malfunction to avoid definitive
catheter loss and improve patient care.[28] Recombinant strep-
tokinase is also used to treat deep-vein thrombosis and is recom-
mended as first choice therapy for prosthetic heart valve thrombo-
sis (including recurrent tricuspid prosthetic valve thrombosis and
Ebstein’s anomaly).[29-32]

INNOVATION No. 2:

BROAD PRE-HOSPITAL USE OF STREPTOKINASE

In 2002, the WHO reported that in developed and developing
countries alike, 40-75 percent of all AMI victims die before reach-
ing the hospital.[33] Today, the percentage of those dying before
reaching medical attention is estimated to be at least 50%.[4]

As time is of the essence, the updated American College of
Cardiology/American Heart Association guidelines recommend
that primary PCI be performed within 90 minutes of onset of
symptoms and a thrombolytic agent be administered within 30
minutes.[34] To respond to AMI at a population level, two main
strategies can be used, depending on the local context: bringing
the patient to treatment (bringing the patient in a timely man-
ner to a clinical setting where thrombolysis is available or to a
catheterization laboratory for primary angiography), or bringing
treatment closer to the patient (performing thrombolysis in a pre-
hospital setting). Either strategy assumes a generally developed
infrastructure: a functional healthcare delivery system, availabil-
ity of thrombolytics and/or an accessible catheterization labora-
tory, plus trained personnel.

Around the world, several models have been designed to im-
prove AMI patient outcomes by improving the provision of timely
and effective care. However, these have mostly been imple-
mented in the developed world (France; City of Vienna, Austria;
Mayo Clinic regional network, USA, etc.).[35] The question re-
mains: what would a system of improved care for AMI patients
look like in a developing country?

Based on a single universal public health system founded on
strong primary health care, the potential for training personnel at
the local level, availability of domestically produced recombinant
streptokinase, and experiences such as those in Cienfuegos
Province, Cuban health authorities decided to generate a model
to bring treatment to AMI patients in pre-hospital settings. The
model as a ‘work in progress’ reveals the interface among the
various levels of care and the emergency system in pursuit of
three overarching goals: increased coverage, geographical ac-
cess and quality of care.

At the heart of this model is the Integrated Medical Emergency
System (SIUM, its Spanish acronym), organized into municipal,
provincial and specialty care subsystems. The municipal sub-
system is anchored in primary care, specifically in the urgent
care polyclinics around the country—specially designated from
among the nearly 500 community-based polyclinics dispersed
throughout Cuban municipalities that serve a geographically
defined population. Each urgent care polyclinic has a municipal
Intensive Care Unit (ICU) and hosts a local coordinating center
responsible for municipal ambulance dispatch.

The provincial subsystem includes a provincial coordinating cen-
ter and intensive-care ambulance dispatch, and is designed to
oversee the flow of severely ill patients and coordinate medical
care with other sectors in accidents and disaster situations. The
third subsystem operates through hospital emergency rooms
and units of intensive and intermediate care.[36,37]

Dr Ricardo Pereda, deputy director of SIUM’s national coor-
dinating center, notes that the AMI initiative began as a pilot
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program in the late 1990s, in which
trained ambulance personnel went
to polyclinics to conduct thromboly-
sis. Later, municipal Intensive Care
Units were equipped and their own
personnel trained in the procedure.
“The rationale was to bring the ser-
vices closer to the population in
order to reduce the time between
symptom onset, diagnosis and
treatment,” explained Dr Pereda.
The current nationwide AMI care
system has been in place since the
end of 2003. Today there are 121
municipal ICUs across the country;
approximately 8 per province (10 in
Havana City Province).

Abel Santamaria
Hospital

Ivan Portuondo
Hospital

The system relies on AMI diagno-
sis and initial treatment at the local
Unit, then on coordination with SIUM
for patient transport to the corre-
sponding hospital ICU. Dr Pereda
describes the likely trajectory of a patient presenting with AMI
symptoms at home: “A person experiencing chest pain may
contact his/her family doctor or, more frequently, be taken by
the family to the nearest polyclinic, which is usually about 10
minutes away. If this is one of the main urgent care polyclinics
with a municipal ICU, then the patient will be seen by a primary
care specialist trained to diagnose an AMI and conduct throm-
bolysis in eligible patients. Diagnosis is made by clinical exam
and electrocardiogram; in some areas, enzyme testing is also
conducted. If the polyclinic is not an urgent care facility, then
transport is arranged, either to the nearest one or to a hospital,
depending on the specifics of the patient’s situation and dis-
tances involved.”

Provincial hospitals in color

Dr Luis Collazo, SIUM provincial director for Havana City,
notes that transferring a procedure such as thrombolysis to
the primary care level has had a significant impact on patient
care. “Let's take a concrete example: A patient in the Santa
Fe municipality of Havana City Province would decrease time
from ‘door-to-needle’ by at least 40 minutes, since it takes at
least 20 minutes to reach the nearest hospital, and at least
another 20 minutes for re-evaluation at the emergency room,
not to mention the 20 minutes of preparation for thrombolysis
itself...As we say, ‘time is myocardium;’ therefore, time saved
is myocardium saved.”

According to SIUM records, from January 2004, when this strat-
egy became fully operational, through December 2009, 9195 AMI
patients were registered nationwide, and 4149 received throm-
bolysis in municipal ICUs, for a 45.1% thrombolysis rate. Prelimi-
nary SIUM data analysis shows a a lethality rate of 8.7%.[36,38]

INNOVATION No. 3:

A NATIONAL CARDIOLOGY NETWORK

Cuba’s national cardiology and cardiovascular surgery net-
work, in place since 2003, aims to improve quality of care for
heart patients by improving coordination among all levels of
health services, according to Dr Lorenzo Llerena, director of

National Cardiology Network
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the Cardiology and Cardiovascular Surgery Institute (ICCCV,
its Spanish acronym) in Havana. Dr Llerena describes it as
“a model for achieving greater equity in health service deliv-
ery, since a patient anywhere in the country can be identified,
diagnosed and referred to the best place for specialized treat-
ment,” adding that “the point is to increase accessibility to ser-
vices, even among people living in rural areas, since equity is
reached only when there is total coverage. And this is what we
have tried to do through the clinical network in conjunction with
the emergency system.”

The clinical network also reinforces uniformity in treatment
protocols and encourages closer collaboration among the dif-
ferent levels of care. It links heart centers and selected hospi-
tals throughout the country, including lead centers by region:
the Santiago de Cuba Heart Center in the east; Villa Clara
Heart Center in the central region; and the ICCCV, Ameijeiras
Hospital, Carlos J. Finlay Hospital, Medical-Surgical Research
Center, and William Soler Children’s Heart Center in the west.
Core institutions now total 18 hospitals and 6 heart centers
(see map). Provincial network coordinators establish links with
community-based family doctors, polyclinics and hospitals,
and gather information related to cardiovascular care, proce-
dures and mortality.

The network has seven sub-programs: arrhythmias and pace-
makers, cardiovascular surgery, interventionist cardiology, gen-
eral cardiology (intensive care units), ambulatory and diagnostic
services, rehabilitation, and specialized services. In addition to
coordinating clinical patient care, the network monitors treatment
protocols and outcomes; certain patients, such as those with
pacemakers and defibrillators; human resources needs and train-
ing; and equipment and supply needs; among other aspects of
cardiology development in the public health system.

The potential is even greater, explains Dr Caridad Kesser, epi-
demiologist at the ICCCV’s network coordinating office. She
notes one of the main goals now is to fully develop a common
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database to monitor the number and type of cardiovascular pro-
cedures conducted in each subprogram, including thrombolysis,
coronarography, angioplasty, valvuloplasty, and physical thera-
py. For AMI management, in particular, a network data collection
system is being built to evaluate use of reperfusion therapy in
patients throughout the country.

Cardiology network hospitals and heart centers receive AMI
patients directly in their emergency rooms or transferred from
other hospitals or from polyclinics. From 2004 to 2008, net-
work institutions admitted 20,259 AMI patients, 8624 of whom
received thrombolysis, with an average annual lethality rate of
6.8%. The share of patients receiving thrombolysis has climbed
from 37.8% in 2004 to 61% in 2008.[38,39]

In the absence of a comprehensive national AMI registry, each of
the two interfacing AMI patient care systems (SIUM and the car-
diology network) maintains its own records, resulting in overlap.
“However, available data suggest that the thrombolysis rate in
the country stands at about 56%”, notes Dr Llerena, adding that
this is not optimal. There are also regional differences: in 2007,
the thrombolysis rate was highest in the central region (61%)
and lower for the western and eastern regions (both 54%). There
are no global figures reflecting international reperfusion rates;
limited data from the Global Registry of Acute Coronary Events
(GRACE) shows a combined thrombolysis and PCI rate of 60%
in 94 hospitals in 14 countries of Europe, the Americas, Australia
and New Zealand.[40]

Emergency care for AMI patients is only one end of a continu-
um, stresses Dr Reynaldo de la Noval at ICCCV. “Secondary
prevention, including smoking cessation counseling, medica-
tions like beta-blockers, education on healthy eating and physi-

cal activity—all are part of follow-up offered by a multidisci-
plinary team assigned to each patient, including a psychologist,
a nutritionist and rehabilitation cardiologist.” Cardiac rehabilita-
tion seeks to “increase the functional capacity of the patients,
reduce unnecessary physical limitations and facilitate return of
heart patients to a productive and satisfying life,” explains Dr
Eduardo Rivas of the ICCCV'’s rehabilitation services. These
services are available at the heart centers, hospitals and also in
community-based polyclinic physical therapy units.

CHALLENGES

Evidence suggests that the strategies in place in Cuba are
reducing AMI lethality, which has declined for adults aged >25
years from 56.9% in 1999-2004 to 51.8% in 2004—2008.[11]
However, in addition to the ever-present need to streamline
the interface among all levels of care, the network and SIUM,
leaders in the field identify four challenges requiring special
attention:

1) Increase use of reperfusion therapy in eligible patients, es-
pecially in primary health care services.

2) Focus on training and public education at the community
level.

3) Implement more effective prevention strategies.

4) Improve monitoring and research capacities through a na-
tional AMI registry.

Although primary angioplasty is the preferred option for AMI

patients in highly developed countries, full access to this pro-

cedure remains difficult because of geographic and/or health

system constraints. In Cuba, conditions are permitting gradually

more coronary angioplasties. From 2002 to 2008, 900 AMI pa-

tients received percutaneous transluminal coronary angioplasties
(PTCA), with numbers rising annually in Havana as
well as in provincial heart centers.[39]

ICCCV rehabilitation services, Havana.

“Despite this progress,” Dr Llerena emphasizes,
“thrombolysis will continue to be the treatment of
choice in most places lacking facilities and spe-
cialized personnel.” Consequently, he says, em-
phasis must be placed on achieving better throm-
bolysis rates, especially in municipal ICUs, noting
that “the battle against time in an AMI has to be
won by early diagnosis and rapid reperfusion at
the primary care level.”

The second challenge is also in primary care:
continuous training and retraining of personnel in
municipal ICUs is paramount, given staff turnover
and the relatively infrequent need to perform
thrombolysis. Public education also begins here.
This is essential at the community level in order
for residents to effectively recognize early AMI
symptoms and understand the need to gain precious
time to improve chances of survival.

However, “the greatest challenge is prevention,”
says Dr Alfredo Duefias, director of preventive car-
diology at the ICCCV. “Lower lethality is the result
of improvements in medical care and the delivery
system. We need to maintain those measures be-
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cause we cannot lower incidence from one day to the next,” he
observes. “However, we need to work much harder on tobacco
control, promotion and increased access to healthy foods and
physical activity, along with hypertension control. The country
cannot expect major changes in incidence without such preven-
tion.” Indeed, international cardiovascular disease experts con-
cur that a significant decline in disease burden requires public
health approaches at the policy, social and personal levels, es-
pecially in tobacco control and obesity reduction.[41]

Finally, creation of a national AMI registry is on the agenda. Sev-
eral developed countries have national registries, but these are
practically non-existent in the developing world.[17] In Cuba, a
registry is key to providing the comprehensive data required for
large epidemiological studies needed to reveal trends in lethality
and mortality rates, and to assess the impact of current strate-
gies. According to Dr Llerena, a proposal has been submitted to

the Ministry of Public Health to make AMI a reportable condition,
laying the basis for the registry.

Cuba has shown creativity in implementing a promising strategy
for AMI management in a global context in which options for
developing-country patients most often range from timely
reperfusion therapy available to relatively few, to beta blockers
or aspirin, or no treatment at all. Cuba’s approach to AMI
patient care seeks to promote appropriate responses starting
at the community level with informed patients, to primary care
physicians trained and prepared to conduct thrombolysis at
municipal ICUs, to emergency responders and specialists
at hospitals and heart centers. Despite the challenges, the
Cuban model merits attention, since it represents combining
developing-country biotechnology with an approach that makes
effective care more accessible, and more thoroughly integrated
at all levels of the health system. 4L
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