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ABSTRACT
Objective  The study examined the influence of the 
COVID-19 pandemic in India on variation in clinical 
features, management and in-hospital outcomes in 
patients undergoing percutaneous coronary intervention 
(PCI).
Design  Prospective registry-based observational study.
Setting  A tertiary care hospital in India participant in the 
American College of Cardiology CathPCI Registry.
Participants  7089 successive patients who underwent 
PCI from April 2018 to March 2023 were enrolled 
(men 5627, women 1462). Details of risk factors, 
clinical presentation, coronary angiography, coronary 
interventions, clinical management and in-hospital 
outcomes were recorded. Annual data were classified 
into specific COVID-19 periods according to Government 
of India guidelines as pre-COVID-19 (April 2018 to March 
2019, n=1563; April 2019 to March 2020, n=1594), 
COVID-19 (April 2020 to March 2020, n=1206; April 2021 
to March 2022, n=1223) and post-COVID-19 (April 2022 to 
March 2023, n=1503).
Results  Compared with the patients in pre-COVID-19 
and post-COVID-19 periods, during the first COVID-19 
year, patients had more hypertension, non-ST elevation 
myocardial infarction (NSTEMI), lower left ventricular 
ejection fraction (LVEF) and multivessel coronary artery 
disease (CAD). In the second COVID-19 year, patients had 
more STEMI, lower LVEF, multivessel CAD, primary PCI, 
multiple stents and more vasopressor and mechanical 
support. There were 99 (1.4%) in-hospital deaths which in 
the successive years were 1.2%, 1.4%, 0.8%, 2.4% and 
1.3%, respectively (p=0.019). Compared with the baseline 
year, deaths were slightly lower in the first COVID-19-
year (age-sex adjusted OR 0.68, 95% CI 0.31 to 1.47) but 
significantly more in the second COVID-19-year (OR 1.97, 
95% CI 1.10 to 3.54). This variation attenuated following 
adjustment for clinical presentation, extent of CAD, in-
hospital treatment and duration of hospitalisation.
Conclusions  In-hospital mortality among patients with 
CAD undergoing PCI was significantly higher in the second 

year of the COVID-19 pandemic in India and could be one 
of the reasons for excess deaths in the country. These 
patients had more severe CAD, lower LVEF, and more 
vasopressor and mechanical support and duration of 
hospitalisation.

INTRODUCTION
The pandemic of COVID-19 led to a large 
number of deaths at its peak during the years 
2020–2022.1–4 In developed countries, with 
robust healthcare systems and the availability 
of high-quality universal mortality statistics, 
these deaths were carefully enumerated and 
causes of excess deaths (incident deaths 
beyond the predicted usual) were provided.3 
It was estimated that while most of the excess 
deaths were directly related to COVID-19, a 
significant proportion was due to indirect 
effects of the pandemic due to non-availability 
or delays in seeking healthcare for medical 
emergencies such as acute coronary events, 
strokes and others.1 In the UK it was estimated 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The registry includes patients with coronary artery 
disease (CAD) before, during and following the 
COVID-19 pandemic in India.

	⇒ More CAD deaths during the delta-wave of COVID-19 
could partially explain the excess deaths in India 
during this period.

	⇒ Data on prehospital pain-to-door time and door-to-
balloon time are not available.

	⇒ Extremely sick patients or those not suitable for cor-
onary angioplasty have not been included.

	⇒ This single hospital-based study may not be exter-
nally valid for the country.
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that during the pandemic years about one-third of exces-
sive deaths were due to non-COVID-19 reasons.5 Similar 
data are available from the USA and many European 
countries.6–8 In India and most developing countries real-
time mortality statistics enumerating causes of death are 
not available.9 10 In contrast to the official number of less 
than half a million deaths from COVID-19 in India, some 
estimates have reported more than 2.5 million deaths 
during the 2 years when COVID-19 was rampant.3 11–14 
Many of these estimates are based on extrapolations from 
locally available data.15–20

The COVID-19 pandemic in India led to severe disrup-
tions in healthcare access, availability and quality of care 
for patients.21 Excessive mortality beyond the official data 
was predicted.22 In India, a proportion of excess deaths 
at the height of the COVID-19 pandemic could be due 
to hospitalisation delays leading to more advanced and 
complicated presentations in acutely ill patients without 
COVID-19 with coronary artery disease (CAD) or other 
cardiovascular, neurological, pulmonary and renal 
diseases.23–25 CAD is the most important cause of death in 
India and delayed presentation following an acute coro-
nary syndrome (ACS) is the most important cause of short-
term and long-term mortality.26 27 A proportion of excess 
deaths due to COVID-19 in India could have been due 
to such delays. As part of the American College of Cardi-
ology (ACC) National Cardiovascular Disease Registry 
(NCDR) we have been systematically collecting data on 

Table 1  Baseline characteristics of the study cohort

Variable Total cohort (n-7089)

Age (years) 60.4±10.9

Men 5627 (79.4)

Women 1462 (20.6)

Risk factors

 � Hypertension 3795 (53.5)

 � Diabetes 2763 (39.0)

 � Cholesterol >170 mg/dL 2481 (35.0)

 � Non-HDL, ≥100 mg/dL 4278 (60.3)

 � Smoking/tobacco(ever) 698 (9.8)

 � CKD, creatinine >2 mg/dL 154 (2.2)

 � BMI≥25 kg/m2 4551 (64.2)

 � CAD family history 1043 (14.7)

 � Uninsured status 3609 (50.9)

Previous cardiovascular status

 � Coronary intervention (PCI) 945 (13.3)

 � Coronary bypass surgery 237 (3.3)

 � Congestive heart failure 40 (0.6)

 � Acute coronary syndromes 6735 (95.0)

 � STEMI 2801 (39.5)

  �  Primary PCI 1091 (15.4)

  �  Delayed/rescue PCI 1168 (16.5)

  �  Pharmaco-invasive 542 (7.6)

 � NSTEMI/unstable angina 3934 (55.5)

Chronic coronary syndrome 354 (5.0)

 � Left ventricular ejection fraction 
(mean) 45.0±10.5

 � EF<30% 378 (5.3)

 � EF 30–45% 3735 (52.7)

 � EF>45% 2976 (42.0)

Coronary anatomy and extent

 � Left main coronary artery 391 (5.5)

 � Right coronary artery 3647 (51.4)

 � Left anterior descending coronary 
artery 5633 (79.5)

 � Left circumflex coronary artery 3549 (50.1)

 � Single-vessel disease 2976 (42.0)

 � Double vessel disease 2378 (33.5)

 � Triple vessel disease 1699 (24.0)

Stents deployed

 � Nil 148 (2.1)

 � 1 stent 4661 (65.1)

 � 2 stents 1774 (25.0)

 � ≥3 stents 506 (7.1)

 � Pharmacological vasopressor 
support 756 (10.7)

 � Mechanical support 244 (3.4)

Continued

Variable Total cohort (n-7089)

  �  IABP 229 (3.2)

  �  Impella device 7 (0.1)

  �  ECMO 2 (0.01)

Duration of hospitalisation: median 
duration (IQR) (hours) 68.1 (51.1–84.0)

Discharge medications

 � Dual antiplatelets 6962 (98.2)

 � Anticoagulant 53 (0.7)

 � Statins 6951 (98.1)

 � Beta-blockers 4979 (70.2)

 � ACEI/ARB 3145 (44.4)

 � In-hospital deaths 99 (1.4)

Numbers±indicate 1 SD. Numbers in parenthesis are per 
cent.
ACEI, ACE inhibitor; ARB, angiotensin receptor blockers; 
BMI, body mass index; CAD, coronary artery disease; CKD, 
chronic kidney disease; ECMO, extracorporeal membrane 
oxygenation; EF, ejection fraction; HDL, high-density 
lipoprotein; IABP, intra-aortic balloon pump; LAD, left 
anterior descending; LCX, left circumflex; LDL, low-density 
lipoprotein; LMCA, left main coronary artery; NSTEMI, non-
ST-segment elevation myocardial infarction; RCA, right 
coronary artery; STEMI, ST-segment elevation myocardial 
infarction.

Table 1  Continued
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all patients who undergo percutaneous coronary inter-
vention (PCI) at our hospital.28–30 To evaluate variations 
in CAD risk factors, clinical presentation, disease severity 
and in-hospital outcomes among successive patients who 
underwent PCI before, during and after the COVID-19 
pandemic years in India, we analysed our hospital data.

METHODS
This single-centre registry-based study has been 
conducted at Eternal Heart Care Centre & Research 
Institute, Jaipur (India). The CathPCI Registry at the 
hospital is part of the ACC-NCDR Centre of Excellence 
programme.31 Informed consent was obtained from each 
participant included in the registry with specific consent 
for inclusion of anonymised data. The protocol of the 
study and all the data are available at ACC-NCDR website 
at: https://cvquality.acc.org/NCDR-Home/registries/​
hospital-registries/cathpci-registry.

Patients
Successive patients who underwent PCI at the hospital 
over a 60-month period, from April 2018 to March 
2023, have been included. Clinical data were prospec-
tively obtained at admission, coronary intervention and 
hospital discharge and entered into the NCDR data-
base by research assistants. Details of the methodology 
have been previously reported.28 Briefly, we obtained 
details regarding age and sex, risk factors- hypertension, 
diabetes, dyslipidaemias, tobacco use and chronic kidney 
disease, other laboratory investigations, clinical presen-
tation (ST-segment myocardial infarction (STEMI) or 
non-STEMI (NSTEMI)/unstable angina and echocardio-
graphic left ventricular ejection fraction (LVEF). We also 
recorded angiographic details of the location and extent 
of CAD and number of stents deployed. Almost all stents 
deployed (>99%) were drug-eluting. Details of in-hospital 
management with a specific focus on pharmacological 
vasopressors (norepinephrine, dopamine, vasopressin, 
etc), cardiac-support devices (intra-aortic balloon pump 
and miniature ventricular assist devices (mVAD) and 
post-discharge medications were also recorded.

Outcomes
In-hospital follow-up were duration of hospitalisation 
(hours), cardiovascular deaths and all-cause deaths.

Patient and public involvement
Patients were not involved in the study design, conduct, 
outcome measures or preparation of the manuscript.

Statistical analyses
The patients have been divided into three periods 
according to Government of India guidelines32: Pre-
COVID-19 period: first year - April 2018 to March 2019 
and second year - April 2019 to March 2020; COVID-19 
period: third year - April 2020 to March 2021 and fourth 
year - April 2021 to March 2022; and Post-COVID-19 
period: fifth year - April 2022 to March 2023. Severe 

restrictions and lockdowns in India started in the last week 
of March 2020, accordingly, the patients enrolled before 
31st March 2020 have been included in pre-COVID-19 
period. Lockdowns and restrictions continued for the 
next 2 years (COVID-19-phase) and were lifted in March 
2022 when all restrictions were relaxed and international 
flights resumed. Therefore, the period from April 2022 to 
March 2023 has been categorised as post-COVID-19. Data 
have been downloaded from the ACC-NCDR website31 
and transferred to MS Excel worksheets. Data analyses 
have been performed using SPSS software (V.23). Contin-
uous variables are reported as mean±1 SD and categorical 
variables as per cent. Non-normal data are presented as 
median with 25–75th percentile IQR. Inter-group differ-
ences have been determined using analysis of variance for 
continuous variables, χ2 test for categorical variables and 
Kruskal-Wallis test for non-normal data. To identify the 
magnitude of inter-group difference in clinical presen-
tation, angiographic findings, disease severity, clinical 
management, duration of hospitalisation and in-hospital 
outcomes in successive years, we calculated unadjusted; 
age-sex adjusted; age-sex, risk factors and presentation-
adjusted; and multivariate-adjusted (age-sex, risk factors, 
presentation, left ventricular ejection fraction, extent 
of CAD, coronary stents, in-hospital therapies including 
vascular support and duration of hospitalisation) odds 
ratios (OR) and 95% confidence intervals (CIs) using 
stepwise logistic regression. The first year (April 2018 to 
March 2019) was the index. P values<0.05 are considered 
significant.

RESULTS
7089 successive patients (men 5627, women 1462) who 
underwent percutaneous coronary intervention from 
April 2018 to March 2023 have been enrolled. Mean age 
was 60.4±11 years (men 59.8±11 years, women 61.5±11). 
There was a significant prevalence of most coronary risk 
factors (table  1). Previous PCI was in 945 (13.3%) and 
coronary bypass surgery in 237 (3.3%). Clinical presen-
tation was predominantly as ACS (n=6735, 95.0%) 
with more NSTEMI/unstable angina (n=3934, 55.5%) 
compared with STEMI (n=2801, 39.5%). Mean LVEF at 
admission was 45±11%, about half of the patients had 
LVEF 30–45%, while low LVEF (<30%) was in 378 (5.3%). 
Coronary angiography revealed that most patients had 
disease of the left anterior descending artery (n=5633, 
79.5%). Single vessel disease was in 2976 (42.0%), double 
vessel disease in 2378 (33.5%) and triple vessel disease 
in 1699 (24.0%). Drug-eluting stents were deployed in 
almost all with single stents in the majority (4661, 65.1%) 
and 506 (7.1%) patients had >3 stents. During hospital-
isation, pharmacological vasopressor support was in 756 
(10.7%) and mechanical support in 244 (3.4%). The 
deployment of a mVAD or extracorporeal membrane 
oxygenation was minimal. Median duration of hospital 
stay was 68.1 hours (IQR 51.1–84.0). There were 99 
(1.4%) in-hospital deaths.
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Clinical characteristics and interventions among PCI 
patients during successive years of the study in pre-
COVID-19, COVID-19 and post-COVID-19 periods are 
shown in tables 2 and 3. No difference in mean age or 
sex distribution is observed. There is no difference in 
the proportion of young patients <40 years age in various 
groups (table 2). During COVID-19 years (April 2020 to 
March 2021 and April 2021 to March 2022) the preva-
lence of hypertension, diabetes, hypercholesterolaemia, 
kidney failure (creatinine >2 mg/dL) and previous PCI 
were more (table  2). Presentation as STEMI was lower 
in the first year of COVID-19 and greater in the second 
(p<0.001). Echocardiography at admission revealed lower 
mean LVEF with a greater presence of very low EF (<30%) 

in the second year of COVID-19. Angiography revealed 
a greater prevalence of double and triple vessel disease 
during the COVID-19 and post-COVID-19 years. Primary 
PCI for STEMI was lower and pharmaco-invasive therapy 
was more during the first year of COVID-19. The phar-
macoinvasive therapy was deployed according to Indian 
guidelines.33 More coronary stents were deployed in the 
second year of COVID-19 (table  3). The use of phar-
macological vasopressors (norepinephrine, dopamine, 
vasopressin, etc) and mechanical support was also more 
during the second year of COVID-19. Both the mean 
and median duration of hospitalisation were significantly 
greater during the first and second COVID-19 years 
(table 3).

Table 2  Characteristics of patients undergoing PCI before, during and after COVID-19

Variable

Pre-COVID-19 period COVID-19 period
Post-COVID-19 
period

P value 
(χ2 test)

April 2018 to 
March 2019

April 2019 to 
March 2020

April 2020 to 
March 2021

April 2021 to 
March 2022

April 2022 to March 
2023

N=1563 N=1594 N=1206 N=1223 N=1503

Age 59.9±10.9 60.5±10.9 60.3±10.8 59.9±11.0 60.9±10.8 0.061*

Age <40 years 66 (4.2) 55 (3.5) 44 (3.6) 49 (4.0) 57 (3.8) 0.827

Men 1221 (78.1) 1294 (81.2) 964 (79.9) 950 (77.7) 1198 (79.7) 0.128

Risk factors

 � Hypertension 843 (53.9) 872 (54.7) 704 (58.4) 647 (52.9) 729 (48.5) <0.001

 � Diabetes 555 (35.5) 630 (39.5) 500 (41.5) 511 (41.8) 567 (37.7) 0.003

 � Cholesterol >170 mg/dL 486 (31.1) 515 (32.3) 365 (30.3) 507 (41.5) 608 (40.5) <0.001

 � Non-HDL, ≥100 mg/dL 914 (58.5) 928 (58.2) 647 (53.6) 809 (66.1) 980 (65.2) <0.001

 � Smoking/tobacco(ever) 269 (17.2) 170 (10.7) 110 (9.1) 99 (8.1) 50 (3.3) <0.001

 � CKD, creatinine >2 mg/dL 28 (1.8) 38 (2.4) 24 (2.0) 28 (2.3) 36 (2.4) 0.732

 � BMI≥25 kg/m2 1054 (67.6) 1097 (69.0) 714 (59.5) 772 (63.2) 914 (60.8) <0.001

 � CAD family history 74 (14.7) 290 (18.2) 205 (17.0) 291 (23.8) 183 (12.2) <0.001

 � Uninsured status 861 (55.1) 870 (54.6) 760 (53.0) 594 (48.6) 524 (34.9) <0.001

Cardiovascular status

 � Previous PCI 161 (10.3) 198 (12.4) 180 (14.9) 178 (14.6) 228 (15.2) <0.001

 � CABG surgery 42 (2.7) 58 (3.6) 47 (3.9) 35 (2.9) 55 (3.7) 0.286

 � CHF 13 (0.8) 09 (0.6) 17 (1.4) 0 (0.0) 01 (0.01) <0.001

 � Aspirin 489 (31.3) 647 (40.6) 382 (31.7) 494 (40.4) 660 (43.9) <0.001

 � Beta-blockers 369 (23.6) 480 (30.1) 316 (26.2) 379 (31.0) 450 (29.9) <0.001

 � Statins 468 (29.9) 630 (39.5) 382 (31.7) 488 (39.9) 633 (42.1) <0.001

Acute coronary syndrome

 � STEMI 671 (42.9) 632 (39.6) 434 (36.0) 531 (43.4) 533 (35.5) 0.007

 � NSTEMI/UAP 824 (57.1) 873 (60.4) 689 (64.0) 619 (56.6) 929 (61.8) 0.017

Numbers±indicate 1 SD.
Numbers in parenthesis are per cent.
*Analysis of variance test.
BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic 
kidney disease; DVD, double vessel disease; HDL, high-density lipoprotein; LAD, left anterior descending; LCX, left circumflex; LDL, low-
density lipoprotein; LMCA, left main coronary artery; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary 
intervention; RCA, right coronary artery; STEMI, ST-segment elevation myocardial infarction; SVD, single vessel disease; TVD, triple vessel 
disease; UAP, unstable angina pectoris.
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Table 3  Angiographic characteristics, interventions and outcomes of patients before, during and after COVID-19 pandemic

Variable

Pre-COVID-19 period COVID-19 period
Post-COVID-19 
period

P value 
(χ2 test)

April 2018 to 
March 2019

April 2019 to 
March 2020

April 2020 to 
March 2021

April 2021 to 
March 2022

April 2022 to 
March 2023

N=1563 N=1594 N=1206 N=1223 N=1503

LVEF (mean) 45.1±10.8 45.8±10.2 44.6±10.8 44.1±10.5 45.0±10.3 <0.001

EF<30% 91 (5.8) 56 (3.5) 71 (5.9) 78 (6.4) 82 (5.5) <0.001

EF 30–45% 826 (52.8) 841 (52.8) 656 (54.4) 665 (54.4) 747 (49.7) 0.062

Coronary angio

 � LMCA 83 (5.3) 100 (6.3) 89 (7.4) 45 (3.7) 74 (4.9) 0.001

 � RCA 733 (46.9) 869 (54.5) 658 (54.6) 678 (55.4) 709 (47.2) <0.001

 � LAD 1218 (77.9) 1309 (82.1) 982 (81.4) 973 (79.6) 1151 (76.6) 0.001

 � LCX 724 (46.3) 801 (50.3) 679 (56.3) 648 (53.0) 697 (46.4) <0.001

 � SVD 704 (45.0) 615 (38.6) 435 (36.1) 461 (37.7) 761 (50.6) <0.001

 � DVD 570 (36.5) 564 (35.4) 414 (34.3) 430 (35.2) 400 (26.6) 0.003

 � TVD 2774 (17.7) 412 (25.8) 352 (29.2) 326 (26.7) 332 (22.1) <0.001

STEMI PCI

 � Primary PCI 230 (14.7) 242 (15.2) 83 (6.8) 277 (22.6) 259 (17.2) <0.001

 � Delayed PCI 297 (19.0) 275 (17.2) 202 (16.7) 191 (15.6) 203 (13.5) 0.001

 � Pharmaco-invasive 144 (9.2) 115 (7.2) 149 (12.3) 63 (5.1) 71 (4.7) <0.001

Stents deployed

 � Nil 05 (0.3) 44 (2.8) 41 (3.4) 25 (2.0) 33 (2.2) <0.001

1 stent 987 (62.1) 1037 (65.1) 885 (73.4) 779 (63.7) 973 (64.7) <0.001

 � 2 stents 429 (27.4) 411 (25.8) 244 (20.2) 302 (24.7) 388 (25.8) <0.001

 � >3 stents 142 (9.0) 102 (6.4) 36 (3.0) 117 (9.5) 109 (7.2) <0.001

 � Vasopressor use 140 (8.9) 162 (10.1) 145 (12.0) 202 (16.5) 207 (13.8) <0.001

 � Mechanical support 47 (3.0) 46 (2.9) 37 (3.1) 69 (5.6) 40 (3.1) <0.001

 � IABP 45 (2.9) 42 (2.6) 37 (3.1) 66 (5.4) 40 (3.1) <0.001

 � Impella 2 (0.1) 4 (0.2) 0 (0.0) 1 (0.08) 0 (0.0) 0.190

 � ECMO 0 (0.0) 0 (0.0) 0 (0.0) 3 (0.24) 0 (0.0) 0.056

Hospitalisation (hours)

 � Mean duration 73.4±48.7 75.8±50.7 89.0±68.7 85.5±72.7 72.7±47.5 <0.001*

 � Median (IQR) 65.2 (50.0–77.0) 66.5 (50.1–83.3) 66.5 (50.1–83.3) 72.3 (56.1–94.3) 64.5 (49.0–79.0) <0.001†

Discharge meds

 � Dual antiplatelets 1536 (98.3) 1564 (98.1) 1196 (99.2) 1188 (97.1) 1478 (98.3) 0.006

 � Anticoagulant 3 (0.2) 6 (0.4) 7 (0.6) 14 (1.2) 18 (1.2) 0.003

 � Statins 1532 (98.5) 1559 (99.7) 1196 (99.2) 1186 (99.8) 1478 (99.7) <0.001

 � Beta-blockers 703 (45.0) 1255 (78.7) 976 (80.9) 915 (74.8) 1130 (75.2) <0.001

 � ACEI/ARB 732 (46.8) 679 (42.6) 678 (56.2) 512 (41.9) 544 (36.2) <0.001

 � In-hospital deaths 19 (1.2) 22 (1.4) 10 (0.8) 29 (2.4) 19 (1.3) 0.019

Numbers±indicate 1 SD.
Numbers in parenthesis are per cent.
*Analysis of variance test.
†Kruskal-Wallis test.
ACEI, ACE inhibitors; ARB, angiotensin receptor blockers; CAD, coronary artery disease; CKD, chronic kidney disease; ECMO, extra-
corporeal membrane oxygenation; EF, ejection fraction; HDL, high-density lipoprotein; IABP, intra-aortic balloon pump; LAD, left anterior 
descending; LCX, left circumflex; LDL, low-density lipoprotein; LMCA, left main coronary artery; LVEF, left ventricular ejection fraction; 
NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery; STEMI, ST-
segment elevation myocardial infarction.
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The incidence of in-hospital deaths in the five succes-
sive years was 1.2%, 1.4%, 0.8%, 2.4% and 1.3%, respec-
tively, (χ2 test, p=0.019) (figure  1). Compared with 
pre-COVID-19 years, the deaths were lower in the first 

year of COVID-19 (0.8%) and significantly more during 
the second year (2.4%). Age and sex-adjusted, age, 
sex, risk factor and clinical presentation-adjusted and 
multivariate-adjusted logistic regression for in-hospital 

Figure 1  In-hospital deaths (%) during the pre-COVID-19, COVID-19 and post-COVID-19 years.

Figure 2  Age and sex adjusted; age, sex, risk factor and clinical presentation adjusted; and multivariate-adjusted ORs and 
95% CIs for in-hospital deaths in pre-COVID-19 period (year 2), COVID-19 period (years 3 and 4) and post-COVID-19 period 
(year 5) compared with the baseline pre-COVID-19 year.
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deaths at years 2, 3, 4 and 5 compared with the first year 
are shown in figure  2. This shows that in the age-sex-
adjusted model, compared with the baseline year, deaths 
were slightly lower in the first year of COVID-19 (age-sex 
adjusted OR 0.68, 95% CI 0.31 to 1.47) and significantly 
more in the second year (age-sex adjusted OR 1.97, 95% 
CI 1.10 to 3.54). The OR for deaths in the second year of 
COVID-19 increased further following adjustment for risk 
factors and clinical presentation (OR 2.33, 95% CI 1.28 
to 4.22). This variation is completely attenuated following 
adjustment for age, sex, risk factors, clinical presenta-
tion, LVEF, extent of CAD, stents, in-hospital treatments 
and duration of hospitalisation (OR 1.00, 95% CI 0.52 to 
1.94) (figure 2).

DISCUSSION
This single-hospital-based prospective percutaneous 
coronary intervention registry in India among patients 
with ACS from April 2018 to March 2023 shows that there 
was a doubling of in-hospital deaths during the second 
phase of COVID-19 (SARS-CoV-2 delta variant wave)14 as 
compared with the pre-COVID-19 years. A higher death 
rate in the second COVID-19 year was associated with 
patients having more coronary risk factors, STEMI, lower 
LVEF, multivessel CAD, deployment of >3 coronary stents, 
higher use of pharmacological and mechanical vaso-
pressor support and longer duration of hospitalisation. 
These findings suggest more severe cases with complex 
CAD. We cannot comment on delayed presentation as we 
do not have data on symptom-to-hospital, door-to-needle 
or door-to-balloon times.

Studies in the UK, Europe and the USA have 
reported considerable disruption of acute coronary 
care and cardiovascular services during the COVID-19 
pandemic.23 24 34–36 This was also associated with delays 
in seeking care following acute coronary events due to 
multiple factors including over-burdened ambulance 
services, less availability of trained emergency care 
personnel (who were deployed for COVID-19 patient 
care), greater use of pharmacological therapies for 
STEMIs and lower use of primary PCI.35 36 All such data 
are available for high-income countries with limited 
data from lower-income countries such as India.37 38 The 
present study shows that in the first year of the pandemic 
in India, there was a slight decline in COVID-19-related 
deaths suggesting a lack of access to healthcare for patients 
with ACS due to prolonged lockdowns.39 40 The patients 
who reached the hospital were less sick resulting in slightly 
lower (though not significant) deaths following PCI. On 
the other hand, during the second wave of the pandemic 
in India (delta-variant wave in 2021), a doubling of deaths 
is observed (figure  2). Patients with CAD who under-
went PCI at the hospital during the second wave of the 
pandemic in India were sicker at presentation with more 
hypertension and diabetes, lower LVEF, more multivessel 
disease and had a greater need for multivessel stenting 
and pharmacological and mechanical circulatory support 

(table 3). This is similar to studies from UK and USA.24 36 
Higher in-hospital deaths during the second wave attenu-
ated after adjustment of these clinical variables. In India, 
the second COVID-19 wave was associated with a doubling 
of the pandemic-associated deaths compared with the 
first and subsequent waves.41 42 The doubling of deaths 
following PCI in the present study suggests that many 
of the excess deaths due to COVID-19 in India could be 
related to non-COVID-19 reasons. However, the estima-
tion of the excess deaths due to non-COVID-19 reasons in 
India shall require a comprehensive modelling exercise. 
More data from across the country are needed to model 
the contribution of CAD events for excess deaths as there 
is a large state-level variation in CAD incidence.43

There are many reasons for variability in CAD deaths 
during COVID-19 as observed in the present study. Apart 
from healthcare-seeking delays for acute coronary events, 
a substantial decline in control of important cardiovas-
cular risk factors (hypertension, hypercholesterolaemia 
and diabetes), more sedentariness, confined indoor activ-
ities and exposure to indoor pollution, mental stress, 
increased tobacco and alcohol use, etc could be respon-
sible.44 The biological effects of acute COVID-19 infec-
tion on the vascular system (endothelialitis, thrombosis, 
etc) as well as long-term influence on vascular reactivity 
and plaque destabilisation are also important.45 All these 
factors need more studies.

Limitations of the study include a tertiary care location 
of the study and our data is not nationally representative. 
A large number of patients with private health insurance 
(40%) also suggests a skewed sample and is not repre-
sentative of India, where only 10–15% have such insur-
ance.28 We also did not include all the patients with ACS 
presenting to the hospital as patients who do not undergo 
PCI were not enrolled in the ACC-NCDR CathPCI Registry. 
More sick patients or those with severe CAD, not suitable 
for PCI have not been included. There is no information 
regarding symptom-to-hospital, door-to-needle or door-
to-balloon times and this is an important study limitation. 
Studies have reported that COVID-19 pandemic led to 
delayed presentation following ACS.23 We have no data 
on geographic, social, economic and other determinants 
that influence prehospital delays,27 especially during the 
COVID-19 pandemic.36 38 We also do not have data on 
the status of cardiovascular risk factor control at admis-
sion. A low representation of women is also an important 
limitation, but the data are similar to other Indian CAD 
registries.27 The lack of long-term follow-up data is also 
an important limitation as in-hospital events are likely an 
underestimate of the true influence of the pandemic on 
cardiovascular outcomes.3 On the other hand, this is one 
of the larger prospective CAD intervention registries from 
lower-middle income countries. We enrolled patients 
with CAD before, during and following the COVID-19 
pandemic and could identify variations in the character-
istics of the patients with CAD and in-hospital outcomes. 
Standardised and comparable data have been obtained as 
part of the ACC-NCDR CathPCI Registry.
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In conclusion, the present study that used annual data 
of patients with CAD undergoing PCI shows a lower death 
rate (possibly related to reduced access to care) during 
the first year of the COVID-19 pandemic in India and a 
doubling of in-hospital mortality during the second year. 
The latter was associated with more severe disease at 
presentation, more multivessel CAD and greater deploy-
ment of coronary stents. These patients also required 
more pharmacological and mechanical vascular support. 
COVID-19-like pandemics are likely to recur. Increased 
cardiovascular mortality as demonstrated in the present 
study can be ameliorated by multiple health system inter-
ventions.46 Development of well-equipped healthcare 
infrastructure trained to function during an infectious 
disease pandemic is required. Strategies include wide-
spread availability of pandemic-proof ambulances and 
supply chain logistics; well-trained healthcare workers, 
nurses and clinicians; provision of acute coronary care 
including invasive care during an epidemic with the 
deployment of multidisciplinary teams.46 Technology 
has a huge role in disease surveillance, monitoring of 
healthcare workers and managing logistics during such 
an epidemic.47 Artificial intelligence-based systems can 
provide seamless care to the needy.47 All these initiatives 
are important to reduce excess deaths from cardiovas-
cular events during infectious disease pandemics.
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