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Abstract

Background
. Long term quality of recovery following percutaneous coronary intervention in Sri Lanka are unknown.
We evaluated quality of recovery at one year, compliance with secondary prevention medications and
access to and uptake of cardiac rehabilitation services.

Methods
. The GRACE Risk Model was used to compare predicted and actual mortality at hospital discharge and at
one-year. Quality of recovery was assessed by the Seattle Angina Questionnaire. Compliance with
secondary prevention therapy was assessed using international guidelines. Access to cardiac
rehabilitation was assessed via telephone- administered interview.

Results
. Between April 2017 and March 2018, 699 consecutive patients underwent percutaneous coronary
intervention. Mortality at one year was 13.6% (93); predicted mortality was (4.5–11%). Functional activity
was signi�cantly worse at one year 64.4 (75.6–55.6) compared to pre-admission (100, 100 − 84.4) (P-
value < 0.01). Frequency of angina was greater at one year (80, IQR = 100 − 60), compared with 1-month
post-discharge (100[IQR = 100 − 80], P-value < 0.01). Stability of angina remained unchanged
(median[IQR] = 72[100 − 50]). Patients’ perceptions of treatment satisfaction were high (P-value < 0.01),
disease perceptions worsened (P-value < 0.01). Self-perceived compliance with secondary prevention
therapy ranged from 75%-82%. Of the 362 patients followed up 146 (44.5%) reported being offered the
opportunity to attend cardiac rehabilitation; 128 (87.7%) attended.

Conclusions
. Outcomes at one year were poorer than expected. Patient-reported levels of satisfaction were high,
despite worsening burden of symptoms. Research is needed to better understand patients' expectations
of quality of acute myocardial infarction care.

Background
Cardiovascular disease is a major cause of death globally, overtaking infectious diseases as the primary
cause of death in South Asia. Delivery of high-quality cardiovascular disease care, as with other non-
communicable diseases (NCDs), places a signi�cant burden on primary, secondary, tertiary and
supportive health services. High prevalence of ischaemic cardiac disease in Sri Lanka has resulted in
signi�cant investment from the government in tertiary services, including cardiac catheterisation facilities
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to improve immediate and intermediate management of patients presenting with acute myocardial
infarction (AMI). Recent studies evaluating the quality of these services have highlighted that whilst this
investment has resulted in greater access to lifesaving reperfusion intervention, gaps in the quality of
care across the continuum may be resulting in higher than predicted mortality at hospital discharge.
Identi�ed priorities for improving hospital outcomes include reducing delays in access to de�nitive
treatment and improved prescription of secondary preventative therapies at discharge [1–3].

Long term recovery post AMI depends on the quality of the multidisciplinary care in hospital and after
discharge. Long term outcomes are unknown in most low and middle-income country (LMIC) settings, as
is, quality of recovery, access to and uptake of follow up services and patients’ perceptions of their
satisfaction with treatment. Understanding these patient-centred outcomes is of potentially greater
importance in LMIC settings such as Sri Lanka, where patients undergoing percutaneous coronary
intervention (PCI) treatment are younger than those in Europe and their poor functional recovery and high
rates of complications necessitating rehospitalisation could have devastating health and economic
implications for patients and their families.

Method

Aim
We sought to evaluate long-term quality of recovery and health related experiences for AMI patients after
PCI.

Setting
Data was collected at the National Hospital of Sri Lanka (NHSL), the largest PCI-capable tertiary referral
centre nationally and the country’s only centre with 24-hour primary PCI service.

Tools to evaluate the quality of recovery
The GRACE Risk Model was used to calculate predicted mortality at hospital discharge and one year.
Killip classi�cation (severity of heart failure) was used as the risk prediction index [4]. The Seattle Angina
Questionnaire (SAQ) was used to assess patient recovery at one month and one year post-discharge
following primary PCI for ST elevation myocardial infarction (STEMI) [5, 6]. SAQ is a validated tool for the
measurement of �ve clinically important dimensions of health in patients with coronary artery disease
using Likert scales [6]; physical capacity, symptom frequency, symptom stability, satisfaction with
treatment, and patients’ perceptions of their disease. The �rst four dimensions are widely accepted as
important measures of quality of care [2, 7, 8]. Patients' perceptions of their disease are a description of
how patients view their disease and the impact of the disease and treatment on their health and
wellbeing. It is an important driver for long term treatment compliance and therefore affects the overall
quality of patient recovery [9].

Data collection
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Data was collected through a recently implemented AMI mHealth registry, co-designed by clinicians of the
Sri Lanka STEMI Forum, which is providing a mechanism for systematic and continuous evaluation of
quality of care for AMI patients and facilitating quality improvement interventions [10]. Mortality at
hospital discharge, one month and one year post-procedure, along with patient’s responses to the SAQ
�ve dimensions of health were collected via telephone administered patient interviews by trained research
assistants. In addition, patients were asked at the time of their hospital admission to describe their
functional status (domain 1 of SAQ) prior to AMI. Events of readmission, and re-intervention were
captured at hospital discharge, one month and one year. For patients who did not respond to the initial
follow up call, two further calls were made. Patient responses to this evaluation were reported through the
AMI registry platform. In addition, patients’ self-reported adherence to secondary prevention medication
(antiplatelets, statins and antihypertensives) were also reported. Finally, patients were asked to describe
invitation to and uptake of cardiac rehabilitation services.

Patient and public involvement (PPI)
This study uses methods derived from international studies in which patients and the public were
involved in the design. The �ndings of this study are accessible to patients and the public via an online
platform [11]. Findings from this study are being used to design subsequent research exploring patients
centered health improvement, of which PPI is key.

Analysis
Killip and GRACE scores were calculated as per the published methods [4, 12]. Likert scale responses to
the SAQ were interpreted as follows; functional limitation- the lower the score the greater the degree of
functional limitation experienced; angina stability and frequency- lower scores indicate more frequent
angina, and higher scores less frequent angina. Treatment satisfaction and patients’ self-reported
perception of their disease were interpreted in the same way. An angina frequency score of 50 indicates
no change in angina frequency at the patient’s most strenuous level of activity [6, 8, 13]. Prescribing of
secondary prevention therapies at hospital discharge along with patients’ subsequent adherence to these
therapies were described at one year as a proportion of the eligible population. Wilcoxon signed-rank test
was used to compare the median values for the SAQ between one month and one year post-event. The
Friedman test compared domain 1 of the SAQ between three time points (primary admission, one month
and one year post-event). Given that independent statistical tests performed simultaneously required
comparison, Bonferroni correction was applied (signi�cance level set at p < 0.017). Stata v.11.0 (College
Station, TX, USA) statistical programme was used for statistical analysis.

Results

Mortality
Between April 2017 and March 2018, 699 consecutive patients underwent PCI for STEMI and were
enrolled in the registry. At one year, 13.6% (93) patients were known to have died (predicted mortality 4.5–
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11%). The greatest proportion of these deaths (n = 72, 77.4%) were reported in the �rst 30 days following
�rst admission (Fig. 1). Readmission for a primary cardiac event was reported by 12.4% of patients (n = 
78), with 12.2% (n = 71) patients undergoing subsequent intervention for a major adverse cardiovascular
event (MACE). Event-free survival at one year was 44.5% (n = 304) (Table 1).
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Table 1
Outcomes

Characteristic N n (%)*

Demographics

Gender, male

Age, mean (SD), years

699

693

610 (87.3)

52.9 (11.7)

Killip class

Killip class ii or iii

Killip class > iii

699 32 (4.6)

88 (12.6)

Grace score risk classi�cation

Low (49–125)

Intermediate (126–154)

High (155–319)

Mean score (SD)

505 273 (54.1)

156 (30.9)

76 (15.0)

124.1 (29.2)

In-hospital mortality

Actual

Not Recorded

Predicted (%)

699 53 (7.6)

16 (2.3)

< 2

30 days mortality

Actual

683 72 (10.6)

One year mortality

Actual

Predicted (%)

683 93 (13.6)

4.5–11.0

MACE at one year

Readmission within one year

One or more intervention

Event free survival at one year

630

630

683

78 (12.4)

77 (12.2)

304 (44.5)

Rehabilitation services

Offered access to cardiac rehabilitation services

Attended cardiac rehabilitation services

630

146

146 (23.2)

128 (87.7)
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Characteristic N n (%)*

*Unless otherwise de�ned in the characteristic column.

Quality of recovery at one year
Recruitment and loss to follow up are described in Fig. 2. The SAQ was completed at one year by 57.5%
(n = 362) of patients (Table 2). Median physical functioning at one year was 64.4 (IQR = 75.6–55.6) with
72.9% (n = 264) of patients reporting ongoing physical limitation at one year, including walking short
distances, washing and dressing. Patient satisfaction with treatment was high (median 88.2, IQR = 94.1–
76.5). Patients reported ongoing concern about their disease and its impact on their general health status
(median 50, IQR = 58.3–41.7). The results of the SAQ at one month and at one year are presented in
Table 2.
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Table 2
Seattle Angina Questionnaire for patients on admission, at one month and one year

Seattle Angina Score On
admission

N = 507, n
(%)*

One month N = 410,
n (%)*

One year N = 362,
n (%)*

Physical limitation, median (IQR)

Minimal (75–100)

Mild (50–74)

Moderate (25–49)

Severe (0–24)

100 (100 − 
84.4)

448 (88.4)

48 (9.5)

9 (1.8)

2 (0.4)

91.1 (100 − 82.2)

354 (86.3)

37 (9.0)

7 (1.7)

12 (2.9)

64.4 (75.6–55.6)

98 (27.1)

202 (55.8)

54 (14.9)

8 (2.2)

Angina stability, median (IQR)

Minimal (75–100)

Mild (50–74)

Moderate (25–49)

Severe (0–24)

- 100 (100 − 75)

374 (91.2)

29 (7.1)

7 (1.7)

0 (0.0)

75 (100 − 50)

197 (54.4)

123 (34.0)

30 (8.3)

12 (3.3)

Angina frequency, median (IQR)

Much better (76–100)

Slightly better (51–75)

Unchanged (50)

Slightly worse (25–49)

Much worse (0–24)

- 100 (100 − 80)

370 (90.2)

30 (7.3)

1 (0.2)

7 (1.7)

2 (0.5)

80 (100 − 60)

201 (55.5)

83 (22.9)

48 (13.3)

23 (6.4)

7 (1.9)

Treatment satisfaction, median (IQR)

Completely satis�ed (75–100)

Somewhat to mostly satis�ed (50–74)

Somewhat dissatis�ed to not satis�ed
at all (0–49)

- 76.5 (88.2–70.6)

275 (67.1)

112 (27.3)

23 (5.6)

88.2 (94.1–76.5)

287 (79.3)

56 (15.5)

19 (5.2)
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Seattle Angina Score On
admission

N = 507, n
(%)*

One month N = 410,
n (%)*

One year N = 362,
n (%)*

Disease perception, median (IQR)

Excellent (75–100)

Good (50–74)

Fair (25–49)

Poor (0–24)

- 75 (83.3–58.3)

259 (63.2)

109 (26.6)

38 (9.3)

4 (1.0)

50 (58.3–33.3)

11 (3.0)

187 (51.7)

132 (36.5)

32 (8.8)

*Unless otherwise speci�ed under the Seattle Angina Questionnaire column.
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Table 3
Comparisons of responses for patients who reported SAQ at all relevant time points.*

Characteristics AMI

(N = 275)

Median (IQR)

Primary PCI (N = 182)

Median (IQR)

Secondary PCI (N = 93)

Median (IQR)

Physical limitation**

On admission

One month

One year

100 (100 − 80.0)

91.1 (100 − 82.2)

64.4 (77.8–55.6)

100 (100 − 80.0)

91.1 (100 − 82.2)

64.4 (76.7–55.6)

100 (100 − 82.2)

93.3 (100 − 80.0)

66.7 (77.8–55.6)

Angina stability

One month

One year

75 (100 − 75)

75 (100 − 50)

75 (100 − 75)

75 (100 − 50)

75 (100 − 75)

75 (100 − 50)

Angina frequency

One month

One year

90 (100 − 80)

70 (100 − 50)

90 (100 − 80)

60 (100 − 50)

100 (100 − 90)

80 (100 − 50)

Treatment satisfaction

One month

One year

76.5 (88.2–70.6)

88.2 (94.1–76.5)

76.5 (88.2–70.6)

88.2 (94.1–76.5)

76.5 (88.2–70.6)

88.2 (94.1–76.5)

Disease perception

One month

One year

75 (83.3–58.3)

50 (58.3–41.7)

75 (83.3–58.3)

50 (58.3–41.7)

75 (91.7–58.3)

50 (66.7–41.7)

*All results were signi�cant when compared to the previous time point (see Additional �le 1 for the
tests of signi�cance).

**For this result AMI (N = 260), Primary PCI (N = 172) and Secondary PCI (N = 88).

Progression of symptoms
Functional activity worsened over the one year period (p < 0.01, Additional File 1). Burden of angina
(stability and frequency) was the same or worse when compared to time of primary admission to hospital
for 48.5% (n = 169) of patients (Table 3). Frequency of angina was signi�cantly greater (p < 0.01) at one
year, whilst stability of angina remained unchanged (p < 0.01). Patients’ perceptions of their satisfaction
with treatment improved between the two time points, (p < 0.01), but patients’ perceptions of their disease
and the relative constraint on their health and wellbeing worsened (p < 0.01). All tests were signi�cant
when compared to previous time points for both primary and secondary PCI populations.
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Compliance with secondary prevention medications and
access to cardiac rehabilitation services
Self-perceived compliance at one year for secondary prevention therapy was 298 (82.3%) for
antihypertensives, 277 (76.5%) for statins and 297(82.0%) for antiplatelets. Of those patients followed up
at one year, 146 (44.5%) reported being offered the opportunity to attend cardiac rehabilitation, 128
(87.7%) patients did so on at least one occasion.

Discussion

Long-term quality of recovery
This study reports higher than predicted mortality at one year post AMI in this relatively young, low risk
cohort of patients. The causes of death in this cohort are unknown and accessing health records and
death certi�cates in this setting is, as with many countries where harmonised health and social records
are not available, not feasible. However, given the survivors reported an increasing burden of symptoms,
associated with ongoing ischemia, it may be reasonable to attribute cardiac causes to at least a
proportion of deaths reported [14]. The �ndings here regarding non-concordance with secondary
prevention therapy and limited opportunity to attend cardiac rehabilitation may further predispose this
population to subsequent adverse cardiac outcomes. Whilst the greatest risk of mortality for this cohort
was within the �rst 30 days following infarct, and may be attributable to the limitations in prehospital and
acute care described previously in this setting [10], this study identi�es gaps in the post-acute phase
quality of care, which may be further contributing to the poor long term survival [15–18].

Noncompliance with secondary prevention medication and inequity in access to cardiac rehabilitation
may be contributing to the progressive worsening physical function and angina reported by patients here.
Whilst research on long term outcome after AMI is notably absent from the region, studies undertaken in
high income settings has described how poor functional recovery post AMI can result in economic
instability and loss of employment for patients. Furthermore, poor functional recovery may predispose
patients to a worsening sequela of comorbidities and their complications [9, 16, 19]. In this setting, where
continuity of care between primary and secondary healthcare services is limited, such complications of
chronic disease may go undetected and may have devastating effects for patients [2, 20].

The worsening disease perception described by patients in this study may be further contributing to the
poor quality of recovery. Negative disease perception, which may manifest as anxiety and depression for
patients, is in itself detrimental to mental health and wellbeing [13, 15]. However, poor mental health is
also known to limit patient’s participation in physical rehabilitation, hinder patients’ concordance with
secondary polytreatment and inhibit patients willingness to engage in physical exercise and healthy
eating. Importantly, however, these negative sequelae of patient health status post AMI are amenable to
intervention [21]. Interventional studies undertaken in Europe to improve access and attendance to post
AMI cardiac rehabilitation and to improve concordance with secondary prevention medications through



Page 13/18

patient education and multi-disciplinary led follow-up clinics were shown to have high levels of patient
engagement and were shown to lead to a reduction in long term mortality [18, 22, 23]. Given the high
uptake of cardiac rehab services from patients who were offered in this setting, similar interventions may
be successful.

Loss to study follow up and impact on evaluating the quality
of care
Loss to follow up of patient outcomes in this study was 20.1% at one year for mortality (47.2% for quality
of recovery) and may be masking signi�cantly higher mortality. In this study, expired mobile phone
numbers provided by patients for follow up was the main reason for failure to contact patients after
discharge and may point to survival bias [24]. This hypothesis is supported by the minimal loss to follow
up once initial telephone contact was made. It is, however, not uncommon for follow up studies of AMI
patients in high income healthcare settings to describe loss to follow up as high as 50% [22]. In LMIC
settings the challenges are often greater; absence of a unique patient identi�ers in health systems, no
national registry of patients’ admission to healthcare facilities, low penetrance of landline telephones and
relatively mobile urban populations, all of which hampers efforts to follow patients [1, 13, 22].

Disconnect between patient satisfaction and quality of care
Patients reported consistently high levels of satisfaction despite worsening symptoms and perceptions of
their disease. Our previous evaluation of the in-hospital care for AMI patients in this setting using
European Society of Cardiology guidelines reported median overall compliance to six domains of quality
of in-hospital care for this cohort of patients at just 42% [13, 25]. There is the potential mismatch between
what patients consider good quality care and that of the European Society of Cardiology guidelines, and
raises questions of how patients’ perceived quality of healthcare in this setting and their priorities when
seeking treatment [20, 26, 27]. Patient expectations of care can be lowered by lack of exposure to higher-
quality services, lack of knowledge about what constitutes high quality care (health literacy) and a
general lack of information providing feedback to communities about health service provision. Low
patient and family expectations of health services is problematic as it may perpetuate poor quality care
and may delay efforts by clinicians such as those here from prioritising improvements in services [28–
30].

Recommendations
Providing discharge follow up and cardiac rehabilitation services may be feasible in this setting and is
already being offered in some tertiary settings. Information on the quality and timing of these services, as
well as the barriers and facilitators to patient engagement with such services is needed. Further
understanding of the biases in�uencing patients’ perceptions of satisfaction, and what communities
value in their health care is urgently needed, given the increasing focus on patient values as a measure of
quality of care. Qualitative work to understand patient values for quality of care and satisfaction is
planned by this collaboration.
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Conclusions
This study highlights poor long-term outcomes after PCI in a relatively young, low risk population.
Investment in health system infrastructure to evaluate long term patient centred outcomes has provided
stakeholders with measurable targets for improvement. Investment in PCI services in the region is
commendable, however further investment in access to services across the continuum of care is now
needed. Exploring the whole multicomponent processes of care including patients’ health literacy, and
greater investment in services to support follow up and rehabilitation of patients after discharge may be
important considerations in future health services planning. Investment in pragmatic research into the
determinants of value-based care is needed.
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Figures

Figure 1

Plot of Kaplan-Meier survival analysis up to one year estimated after PCI.
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Figure 2

Recruitment, outcomes and loss to follow up of patients recruited through the AMI platform.
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