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Percutaneous coronary intervention (PCI) performed during non-work hours is believed
to have inferior outcomes because of operator fatigue, differences in baseline patient char-
acteristics, and fewer on-call catheterization laboratory staff. We aimed to analyze a
cohort of patients who underwent PCI (all comers) at our tertiary-care center between
January 1, 2006, and December 31, 2018, and compare procedural and in-hospital out-
comes between 2 groups defined by whether PCI was performed during normal work
hours (7:00 A.M. to 7:00 PM) versus non-work hours (7:01 P.M. to 6:59 A.M. weekdays;
all hours weekends and holidays). Finally, we examined temporal changes throughout the
24-hour weekday. Primary outcomes were unadjusted in-hospital adverse outcomes (com-
posite death, recurrent myocardial infarction, emergent coronary artery bypass grafting,
and target lesion revascularization). We identified 21,848 patients who underwent PCI at
our institution. The proportions of ST-elevation myocardial infarction (STEMI) and non-
ST-elevation myocardial infarction (NSTEMI) were higher during non-work hours. Over-
all, unadjusted in-hospital adverse outcomes were higher during non-work hours than
during normal work hours (8.80% vs 2.00%; p <0.001). These findings were consistent
based on the patient’s clinical presentation (STEMI, NSTEMI, unstable angina, and stable
angina). Despite confounding variables in the patients’ presentations preventing definite
causal attribution, our analysis demonstrates that in-hospital adverse outcomes were
higher for those patients who underwent PCI (all comers) who had their procedures dur-
ing non-work hours than during normal work hours. © 2020 Elsevier Inc. All rights
reserved. (Am J Cardiol 2020;135:32−39)
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Historical data in the early years of treating ST-elevation
myocardial infarction (STEMI) demonstrated that circadian
variations had an effect on the practice of primary angio-
plasty, resulting in a higher incidence of failed angioplasty
and worse clinical outcomes during off hours.1,2 In contrast,
a recent study in a contemporary organized network of hos-
pitals demonstrated that STEMI patients admitted during
on hours or off hours have similar management and out-
comes.3 The timing of percutaneous coronary intervention
(PCI) in patients with non-ST-elevation myocardial infarc-
tion (NSTEMI) has also been studied. Patients who under-
went non-urgent PCI during normal work hours but after
12:00 P.M. did worse than patients who underwent PCI
before 12:00 P.M.4 Another study demonstrated that in
patients who underwent elective PCI, the rate of periproce-
dural myocardial infarction (MI) was lower in the morning
than in the afternoon.5 We aimed to analyze a larger cohort
over a longer period to determine whether the timing of
PCI during normal work hours versus non-work hours
impacts procedural and in-hospital clinical outcomes.
Methods

We analyzed a cohort of patients who underwent PCI
(all comers) at our tertiary-care center between January 1,
2006, and December 31, 2018, using the MedStar Cardio-
vascular Research Network/MedStar Washington Hospital
Center PCI database. Our PCI database utilizes standard-
ized definitions to record clinical demographics, cardiovas-
cular history, pertinent co-morbid diseases, procedural
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information, postprocedural complications, and angio-
graphic and clinical outcomes. Inclusion criteria were
adults who underwent PCI for STEMI, NSTEMI, unstable
angina (UA), and stable angina.

In our primary analysis, we wanted to determine how
procedural and in-hospital outcomes were impacted on the
basis of the timing of PCI (normal work hours vs non-work
hours). Patients were divided into 2 groups: Normal Work
Hours (7:00 A.M. to 7:00 P.M. weekdays) and Non-work
Hours (7:01 P.M. to 6:59 A.M. weekdays; all hours week-
ends and hospital-recognized holidays). In our secondary
analysis, we divided all patients who underwent a PCI into
4 subgroups depending on the time of day that the proce-
dure was performed: Morning (7:00 A.M. to 11:00 A.M.),
Mid-Day (11:01 AM to 3:00 PM), Late Afternoon (3:01 P.
M. to 7:00 P.M.), and Night (7:01 P.M. to 6:59 A.M.) to
analyze temporal trends throughout the work day.

Baseline characteristics were collected, including age,
gender, race, cardiac co-morbidities, and any previous his-
tory of coronary artery disease (CAD), MI, or history of
revascularization. Then, the patients’ presentations for the
PCI were noted: STEMI, NSTEMI, UA, or stable angina.
Other baseline characteristics collected included left ven-
tricular ejection fraction, presence of cardiogenic shock,
and troponin I and creatinine levels.

Next, we characterized the PCI procedure itself. Varia-
bles collected included access, number of diseased vessels,
procedure length, amount of contrast used, stent used (bare
metal stent vs drug-eluting stent), closure device, and intra-
vascular ultrasound (IVUS) use during the procedure. Then,
both procedural and angiographic success was recorded.
Angiographic success was defined as the treatment of the
lesion with at least a 20% reduction in the percent diameter
stenosis and a final residual stenosis <50% in the lesion.
Procedural success was defined as angiographic success
without any major intraprocedural complications.

Our primary end point for each analysis was a composite
of death, recurrent MI, emergent coronary artery bypass
grafting, and target lesion revascularization (TLR) during
the index hospitalization. Secondary end points included
patient components of the composite end point, cardiac
mortality, neurological event (transient ischemic attack and
cerebrovascular accident), in-hospital renal insufficiency,
length of stay, intensive care unit (ICU) days, vascular com-
plications, and major bleeding. These outcomes were
Figure 1. Distribution of percutaneous coronary interventions based on time of da

dial infarction; STEMI: ST-elevation myocardial infarction
presented overall and then on the basis of clinical presenta-
tion, given the heterogeneity of the 2 groups.

Descriptive statistics, such as frequencies, means, and
standard deviations, were used to describe the study popula-
tion. Student’s t test or analysis of variance was used to
compare mean values of normally distributed data. Cox-
regression methods were used to evaluate risk factors for
the primary outcome. Two-tailed Fisher’s exact test or chi-
squared tests was used to compare categorical variables.
Statistical significance was considered to be a p-value
<0.05 for the primary end point.
Results

We identified 21,848 patients who underwent PCI for
STEMI, NSTEMI, UA, or stable angina between January 1,
2006, and December 31, 2018. Of those, 19,082 patients
received a PCI during normal work hours and 2,766 patients
received a PCI during non-work hours. Figure 1 outlines the
distribution of the patients’ clinical presentations on the
basis of procedure start time.

Overall baseline characteristics are summarized in
Table 1. In both groups, the majority of patients were older
(>60 years of age) and male. At our institution, we did note
a degree of racial disparity. Caucasians were more likely to
have a PCI performed during normal work hours, while
African Americans and Hispanics were more likely to have
a PCI done during non-work hours. Cardiac co-morbidities,
hypertension, hyperlipidemia, diabetes mellitus, chronic
renal failure, peripheral vascular disease, congestive heart
failure, and personal or family history of CAD were more
commonly seen in patients who underwent PCI during nor-
mal work hours. The only co-morbidity that was more prev-
alent during non-work-hours PCI was current or previous
tobacco use.

Patients’ clinical presentations are summarized in
Table 2. As expected, stable angina and UA PCIs were
more commonly done during normal work hours. In con-
trast, NSTEMI and STEMI PCIs were much more com-
monly performed during non-work hours. Patients who
underwent PCI during non-work hours had a lower mean
left ventricular ejection fraction, higher prevalence of car-
diogenic shock, higher baseline and maximum troponin I
levels, and worsening creatinine upon presentation. The
number of patients with STEMI, NSTEMI, and cardiogenic
y and patient’s clinical presentation. NSTEMI: Non-ST-elevation myocar-



Table 1

Baseline characteristics of patients who underwent PCI either during normal work hours or non-work hours

Baseline Characteristics Comparing Normal Work Hours versus Non-work Hours

Baseline Characteristics Work Hours Non-work Hours Overall p value

(n = 19,082) (n = 2,766) (n = 21,848)

Age (mean § STD) 65.59 § 11.93 61.67 § 13.10 65.1 § 12.16 <0.001
0.811

Male 65.60% 66.50% 65.70%

Female 34.40% 34.50% 34.30%

White 60.30% 51.50% 59.10% <0.001
Black 31.50% 37.50% 32.30% <0.001
Asian 2.30% 2.60% 2.30% 0.506

Hispanic 1.30% 2.30% 1.40% <0.001
Native American 0.30% 0.30% 0.30% 0.700

Hypertension 88.30% 78.60% 87.10% <0.001
Hyperlipidemia 85.30% 70.40% 83.40% <0.001
Diabetes mellitus 38.60% 30.80% 37.60% <0.001
Chronic renal failure 15.90% 11.40% 15.30% <0.001
Dialysis 3.80% 2.50% 3.60% <0.001
Peripheral vascular disease 15.00% 8.50% 14.20% <0.001
Smoker 50.50% 56.70% 51.30% <0.001
Heart failure 16.60% 15.00% 16.40% 0.027

Family history of CAD 42.70% 35.90% 41.90% <0.001
Prior coronary artery disease 42.70% 24.70% 40.40% <0.001
Prior myocardial infarction 20.80% 13.50% 19.80% <0.001
PTCA 27.60% 16.00% 26.10% <0.001
CABG 19.70% 8.70% 18.30% <0.001

CABG: Coronary artery bypass grafting; CAD: Coronary artery disease; PTCA: Percutaneous transluminal coronary angioplasty; STD: Standard

deviation.
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shock increased throughout the day, while stable angina and
UA decreased (Figure 2).

Procedural characteristics are outlined in Table 3. The
majority of PCIs were performed through femoral access.
The number of diseased vessels, procedural length, and
amount of contrast used did not differ between the work
hours and non-work hours groups. A bare metal stent was
more commonly used during non-work hours, while drug-
Table 2

Clinical presentation of patients who underwent PCI either during normal work ho

Patient Presentation Comparing Normal W

Patient Presentation Work Hours

(n = 19,082)

Stable coronary Artery disease 29.45%

Unstable angina Pectoris 42.36%

NSTEMI 17.30%

STEMI 10.89%

Left ventricular ejection fraction (mean § SD) 48% § 16%

Cardiogenic shock 2.00%

Creatinine baseline (mean § SD) 1.31 § 1.37

STEMI

Troponin I baseline (mean § SD) 19.67 § 169.15

Troponin I maximum (mean § SD) 55.01 § 92.41

NSTEMI

Troponin I baseline (mean § SD) 7.39 § 19.62

Troponin I maximum (mean § SD) 18.13 § 96.36

NSTEMI: Non-ST-elevation myocardial infarction; SD: Standard deviation.
eluting stent was more commonly used during normal work
hours. In addition, closure device and IVUS were more
commonly used during normal work hours than during non-
work hours. Finally, both angiographic success and proce-
dural success were higher in patients who underwent PCI
during the day.

Overall unadjusted in-hospital outcomes based on timing
of the PCI are reported in Table 4. In terms of our primary
urs or non-work hours

ork Hours versus Non-work Hours

Non-work Hours Overall p value

(n = 2,766) (n = 21,848)

3.72% 26.19% <0.001
11.82% 38.49% <0.001
22.34% 17.94% <0.001
62.11% 17.37% <0.001

41% § 15% 47% § 16% <0.001
10.00% 3.00% <0.001

1.22 § 1.09 1.30 § 1.34 <0.001

31.43 §§ 328.17 24.60 § 248.55 0.305

100.05 § 546.65 75.44 § 375.03 <0.001

17.86 § 50.46 8.94 § 26.82 <0.001
39.79 § 60.75 21.55 § 92.01 <0.001

www.ajconline.org


Figure 2. Distribution of patients’ clinical presentations for percutaneous coronary intervention throughout the day. CAD: Coronary artery disease; NSTEMI:

Non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction
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end point, the incidence was significantly higher during
non-work hours versus normal work hours (8.80% vs
2.00%; p <0.001). Secondary outcomes demonstrated that
neurological events (transient ischemic attack and cerebro-
vascular accident), in-hospital renal insufficiency, major
bleeding, and vascular complications were all more signifi-
cant in those patients who underwent PCI during non-work
hours. Finally, length of stay overall and number of days in
the ICU were higher for patients who had a PCI during
non-work hours (Table 4).

An outline of the patients’ baseline characteristics
(Table 1) and clinical presentations (Table 2) demonstrates
that the work hours and non-work hours cohorts overall are
inherently different. Thus, we further analyzed in-hospital
outcomes on the basis of the patients’ clinical presentations
(STEMI, NSTEMI, UA, and stable angina). When analyz-
ing STEMI patients specifically, our primary end point was
Table 3

Procedural characteristics of patients who underwent percutaneous coronary interv

Procedural Characteristics Comparing Norma

Procedural Characteristics Work Hours

(n = 19,082)

Femoral access 90.79%

Radial access 8.71%

Number vessel diseased (mean § SD) 1.75 § 0.81

Procedure length (mins. mean § SD) 65.81 § 37.35

Contrast amount (ml. mean § SD) 164.19 § 93.15

Bare metal sent 19.30%

Drug eluting stent 69.00%

Closure device 59.30%

Procedural success 97.80%

Angiographic success 97.80%

IVUS performed 50.90%

IVUS: Intravascular ultrasound; SD: Standard deviation.
significant higher if the PCI was performed during off-hours
(11.40% vs 8.60%; p = 0.005), driven by TLR. However,
there were no differences in secondary end points (Table 5).
NSTEMI patients demonstrated similar findings, with the
primary outcome being worse in patients who presented
during non-work hours (7.90% vs 3.00%; p <0.001) driven
by all-cause mortality and coronary artery bypass grafting .
In addition, secondary outcomes demonstrated a statistical
increase in cardiac mortality, renal insufficiency, major
bleeding, length of stay, and days in the ICU hours
(Table 6).

Similarly, in patients with UA or stable angina, the out-
comes were worse for those patients who had a PCI done
during non-work hours. In UA, the primary outcome was
4.30% during non-work hours versus 1.20% during normal
work hours (p <0.001), driven by all-cause mortality. In
addition, the secondary end points showed an increase in
ention either during normal work hours or non-work hours

l Work Hours versus Non-work Hours

Non-work Hours Overall p value

(n = 2,766) (n = 21,848)

90.68% 90.70% 0.856

8.80% 8.80% 0.83

1.76 § 0.82 1.75 § 0.81 0.384

65.05 § 56.3 65.68 § 41.02 0.448

162.94 § 83.63 163.99 § 91.63 0.421

36.00% 21.20% <0.001
51.30% 66.90% <0.001
55.50% 58.70% <0.001
90.50% 96.90% <0.001
97.40% 97.80% 0.048

12.90% 46.50% <0.001



Table 4

In-hospital outcomes of patients who underwent PCI during normal work hours as compared with non-work hours

Overall In-Hospital Outcomes Comparing Normal Work Hours versus Non-work Hours

Work Hours Non-work Hours Overall p value

(n = 19,082) (n = 2,766) (n = 21,848)

In-hospital complication (Death/MI/CABG/TLR) 2.00% 8.80% 2.90% <0.001
All-cause mortality 1.20% 5.40% 1.70% <0.001
MI in-hospital 0.10% 0.40% 0.20% 0.006

CABG in-hospital 0.80% 3.40% 1.10% <0.001
TLR 0.30% 1.00% 0.40% <0.001
Cardiac mortality 0.90% 4.50% 1.40% <0.001
Neurological event (TIA/CVA) 0.30% 0.90% 0.40% <0.001
Vascular complications 1.60% 2.60% 1.80% <0.001
In-hospital renal insufficiency 4.40% 8.40% 4.90% <0.001
In hospital subacute thrombosis 0.10% 0.40% 0.10% <0.001
Length of stay (days, mean § SD) 2.92 § 4.04 4.81 § 5.17 3.16 § 4.24 <0.001
ICU days (days, mean § SD) 0.49 § 1.75 1.79 § 2.99 0.68 § 2.03 <0.001
Major bleeding 1.70% 5.50% 2.20% <0.001

CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; ICU: Intensive care unit; MI: Myocardial infarction; SD: Standard deviation;

TIA = Transient ischemic attack; TLR: Target lesion revascularization.
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cardiac mortality, in-hospital renal insufficiency, vascular
complications, length of stay, and ICU length of stay for
UA patients who received a PCI during non-work hours
(Table 7). In patients with stable angina, the primary out-
come was 2.90% during non-work hours versus 0.80% dur-
ing normal work hours (p = 0.018), driven by all-cause
mortality. Furthermore, secondary end points demonstrated
an increase in cardiac mortality, renal insufficiency, and
length of stay for those patients who had a PCI performed
for stable angina during non-work hours (Table 8).
Discussion

Our 12-year analysis, including over 21,000 patients,
suggests that PCIs that are performed during non-work
hours are associated with in an increased incidence of
Table 5

In-hospital outcomes of patients who underwent STEMI PCI during normal work

In-Hospital Outcomes Comparing Normal Work Hou

In-Hospital Outcomes Work Hours

(n = 2,078)

In-hospital complication (death/MI/CABG/TLR) 8.60%

All-cause mortality 4.80%

MI in-hospital 0.20%

CABG in-hospital 3.40%

TLR 0.60%

Cardiac mortality 4.30%

Neurological event (TIA/CVA) 1.10%

Vascular complications 2.70%

In-hospital renal insufficiency 8.40%

In-hospital stent thrombosis 0.30%

Length of stay (days, mean § SD) 5.18 § 5.68

ICU days (days, mean § SD) 1.94 § 3.25

Major bleeding 6.50%

CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; ICU

STEMI: ST-elevation myocardial infarction; TIA = Transient ischemic attack; TL
in-hospital adverse outcomes. All-cause death, cardiac
death, recurrent MI, TLR, neurological events, vascular
complications, major bleeding, and in-hospital renal insuffi-
ciency were all higher in patients who underwent PCI dur-
ing non-work hours. In addition, these patients were more
commonly in the ICU and had longer lengths of stay.
Unsurprisingly, PCIs performed during non-work hours
tended to be for STEMI or NSTEMI, while normal work
hours had higher rates of stable angina and UA. When these
patients were analyzed on the basis of clinical presentation
(STEMI, NSTEMI, UA, and stable CAD), there was still a
difference in primary outcome among the 4 groups. In addi-
tion, there was a trend for higher rates of cardiac mortality,
vascular complications, and increased length of stay when
the PCI was performed during non-work hours. This is the
first study to analyze the impact of timing of PCI for all
comers over a long period.
hours as compared with non-work hours

rs versus Non-work Hours in STEMI Patients

Non-work Hours Overall p value

(n =1,718) (n = 3,796)

11.40% 9.9% 0.005

6.0% 5.30% 0.107

0.45% 0.20% 0.136

4.30% 3.40% 0.134

1.30% 0.90% 0.024

5.10% 4.70% 0.286

1.30% 1.20% 0.529

2.90% 2.80% 0.755

8.40% 8.40% 0.961

0.50% 0.40% 0.250

5.28 § 5.43 5.23 § 5.57 0.564

2.11 § 3.15 2.02 § 3.20 0.145

5.20% 5.80% 0.095

: Intensive care unit; MI: Myocardial infarction; SD: Standard deviation;

R: Target lesion revascularization.

www.ajconline.org


Table 6

In-hospital outcomes of patients who underwent NSTEMI PCI during normal work hours as compared with non-work hours

In-Hospital Outcomes Comparing Normal Work Hours versus Non-work Hours in NSTEMI Patients

In-Hospital Outcomes Work Hours Non-work Hours Overall p value

(n = 3,301) (n = 618) (n = 3,919)

In-hospital complication (death/MI/CABG/TLR) 3.00% 7.90% 3.70% <0.001
All-cause mortality 1.90% 4.90% 2.40% <0.001
MI in-hospital 0.10% 0.30% 0.10% 0.059

CABG in-hospital 0.90% 2.90% 1.20% <0.001
TLR 0.30% 0.30% 0.3% 0.823

Cardiac mortality 1.40% 4.00% 1.80% <0.001
Neurological event (TIA/CVA) 0.30% 0.50% 0.40% 0.554

Vascular complications 2.00% 1.80% 1.90% 0.762

In-hospital renal insufficiency 6.20% 9.60% 6.70% 0.003

In-hospital stent thrombosis 0.10% 0.30% 0.20% 0.237

Length of stay (days, mean § SD) 4.00 § 4.94 4.58 § 5.14 4.10 § 4.97 0.008

ICU days (days, mean § SD) 0.65 § 2.09 1.42 § 2.68 0.77 § 2.20 <0.001
Major bleeding 2.60% 5.30% 3.00% <0.001

CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; ICU: Intensive care unit; MI: Myocardial infarction; NSTEMI: Non-ST-eleva-

tion myocardial infarction; SD: Standard deviation; TIA = Transient ischemic attack; TLR: Target lesion revascularization.
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Our secondary analysis of evaluating the trends of PCIs
during the normal weekday hours demonstrates that most
stable angina and UA PCIs were performed in the morning,
with a steady decline of these procedures throughout the
day (Figure 2). This reflects common practice in cardiac
catheterization laboratories, as outpatient, elective PCIs are
usually scheduled for the morning during normal work
hours. PCIs for STEMI and NSTEMI gradually increase
throughout the day, which probably reflects the practice of
more inpatient, urgent PCIs performed ad hoc after the elec-
tive outpatient procedures have been completed.

When analyzing the procedural characteristics during the
study period, most PCIs at our center were performed
through femoral approach (90.7%), which reflects US clini-
cal practice over the past 12 years.6 More interestingly, our
analysis demonstrated that the total procedural time and
amount of contrast used did not differ between normal
work hours and non-work hours. In addition, the use of a
Table 7

In-hospital outcomes of patients who underwent PCI for UA during normal work

In-Hospital Outcomes Comparing Normal Work H

In-hospital Outcomes Work Hours

(n = 8,083)

In-hospital complication (death/MI/CABG/TLR) 1.20%

All-cause mortality 0.50%

MI in-hospital 0.20%

CABG in-hospital 0.40%

TLR 0.30%

Cardiac mortality 0.30%

Neurological event (TIA/CVA) 0.30%

Vascular complications 1.50%

In-hospital renal insufficiency 3.40%

In-hospital stent thrombosis 0.10%

Length of stay (days, mean § SD) 2.51 § 3.35

ICU days (days, mean § SD) 0.18 § 0.90

Major bleeding 1.20%

CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; ICU

TIA = Transient ischemic attack; TLR: Target lesion revascularization; UA = Uns
closure device for access was more common during the day
than during non-work hours. Finally, both procedural and
angiographic success were higher in those patients who
underwent PCI during normal work hours than during non-
work hours. This finding is probably a reflection of simple,
elective cases being performed during normal work hours
as compared with STEMI and NSTEMI patients during
non-work hours.

It has been postulated before that worse outcomes later
in the day may be due to a combination of operator fatigue,
patient characteristics, and difference in process of care
through the catheterization laboratory, with less staff avail-
able to deliver patient care. One can challenge whether cir-
cadian variations have an effect on the procedure as
demonstrated in our analysis, in which the procedure time
and the amount of contrast used did not differ between nor-
mal work hours and non-work hours. This lack of difference
may reflect that the operators’ process of performing a
hours as compared with non-work hours

ours versus Non-Work Hours in UA Patients

Non-work Hours Overall p value

(n = 327) (n = 8,410)

4.30% 1.30% <0.001
3.40% 0.60% <0.001
0.00% 0.20% 0.422

0.30% 0.4% 0.804

0.60% 0.30% 0.231

2.40% 0.40% <0.001
0.30% 0.30% 0.991

3.10% 1.60% 0.026

6.10% 3.50% 0.014

0.00% 0.10% 0.652

3.13 § 3.31 2.53 § 3.35 <0.001
0.84 § 2.36 0.21 § 1.03 <0.001

1.20% 1.20% 0.958

: Intensive care unit; MI: Myocardial infarction; SD: Standard deviation;

table angina.



Table 8

In-hospital outcomes of patients who underwent PCI for stable angina during normal work hours as compared with non-work hours

In-hospital Outcomes Comparing Normal Work Hours versus Non-work Hours in Stable Angina Patients

In-hospital Outcomes Work Hours Non-work Hours Overall p value

(n = 5,620) (n = 103) (n = 5,723)

In-hospital complication (death/MI/CABG/TLR) 0.80% 2.90% 0.80% 0.018

All-cause mortality 0.30% 2.90% 0.40% <0.001
MI in-hospital 0.10% 0.00% 0.10% 0.787

CABG in-hospital 0.20% 0.00% 0.20% 0.626

TLR 0.20% 0.00% 0.20% 0.653

Cardiac mortality 0.20% 2.90% 0.20% <0.001
Neurological event (TIA/CVA) 0.10% 0.00% 0.10% 0.720

Vascular complications 1.30% 1.00% 1.30% 0.792

In-hospital renal insufficiency 3.40% 10.30% 3.50% <0.001
In-hospital stent thrombosis 0.00% 0.00% 0.00% 0.892

Length of stay (days, mean § SD) 2.08 § 3.11 3.33 § 3.98 2.10 § 3.13 0.002

ICU days (days, mean § SD) 0.15 § 0.95 0.62 § 1.94 0.16 § 0.98 0.052

Major bleeding 0.60% 1.00% 0.60% 0.637

CABG: Coronary artery bypass grafting; CVA: Cerebrovascular accident; ICU: Intensive care unit; MI: Myocardial infarction; SD: Standard deviation;

TIA = Transient ischemic attack; TLR: Target lesion revascularization.
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procedure does not differ depending on the time of day and
that more external factors may contribute to the worse out-
comes during non-work hours.

Furthermore, one could argue that more experienced
operators will perform similarly on and off hours, while
non-experienced operators may have differences in their
procedural outcomes based on the time of day. Sometimes,
junior attending may have the benefit of reviewing their
cases with senior members during the day, and that option
may not be readily available at night. However, previous
investigations have demonstrated that in-hospital PCI out-
comes are not affected by operator volume, experience, or
board certification. Rather, the emphasis is on a well-orga-
nized, high-volume healthcare system to minimize the
impact of operator factors on outcomes of PCI.7 Causality
in our findings could be related to lack of full staff, lack of
utilization of intravascular imaging, and less use of equip-
ment for lesion modification or preparation (atherectomy,
etc.), which may impact having a well-organized, high-vol-
ume healthcare system and, in turn, result in poor PCI out-
comes.

IVUS was used at a much higher rate during normal
work hours than during non-work hours. The use of intra-
vascular imaging can potentially help improve outcomes.
We predominantly use IVUS at our center, with over 50%
of PCIs performed during normal work hours done under
IVUS guidance. However, this rate drops substantially dur-
ing non-work hours to less than 20%. It has been described
previously that PCI outcomes are improved when the PCI is
performed under IVUS as compared with angiographic
guidance.8−11 Increased use of intravascular imaging dur-
ing non-work hours may improve outcomes overall. How-
ever, this may be difficult for an institution to implement.
The use of intravascular imaging may result in an increased
use of resources and staff members on call who are familiar
with the equipment.12 In addition, one may argue that the
use of intravascular imaging may increase overall proce-
dural time overnight, which may not be appealing for the
operator performing the procedure. Implementing best
institution-based practices of intravascular imaging over-
night may improve outcomes in non-work-hours patients.

There are other potential institutional-based practices
that can be performed to reduce this overall rate of poor out-
comes during non-work hours. First, all non-urgent/elective
cases should be performed during normal working hours.
Based on our analysis, there is no benefit to have a patient
undergo a PCI during non-work hours for stable angina or
UA, as this just increases the patient’s risk. Second, STEMI
patients are emergent cases, so it is unpredictable to deter-
mine when these patients will need treatment. However,
having a STEMI network in your community ensures ade-
quate door-to-balloon time and minimizes adverse out-
comes. In addition, depending on hospital resources, having
multiple teams in the catheterization laboratory off hours
ensures proper management of the patients. Finally,
NSTEMI patients need to be properly triaged, and correct
timing of PCI needs to be determined. NSTEMI presenta-
tion can be heterogeneous, as some patients present as rela-
tively stable, while others can be in cardiogenic shock. The
use of a Global Registry of Acute Coronary Events
(GRACE) score13 or Thrombolysis in Myocardial Infarc-
tion (TIMI) score14 can help determine when a patient
needs to be urgently taken for a PCI. This would help mini-
mize a delay in primary PCI and, potentially, minimize pro-
cedures on nights and weekends.

Our analysis has limitations. It is retrospective in nature,
meaning there is an inherent selection bias. We compared 2
groups on the basis of the time the procedure was started.
The decision of when to perform the procedure depended
on the operator, catheterization lab schedule, and available
resources, and that bias is difficult to capture in our analy-
sis. Second, as demonstrated in Tables 1 and 2, the work
hours and non-work-hours groups are inherently different.
By study design, and in real-world practice, stable, elective
cases are not routinely done at night. We overcame this dif-
ference by reporting outcomes on the basis of the patients’
clinical presentations (STEMI, NSTEMI, UA, and stable
angina). Third, we report only in-hospital outcomes.
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In conclusion, despite confounding variables in the
patients’ presentations preventing definite causal attribu-
tion, in-hospital adverse events are more common in
patients who underwent PCI (all comers) who had their pro-
cedures done during non-work hours than during normal
work hours. Worse outcomes during non-work hours were
consistent based on the patient’s clinical presentation
(STEMI, NSTEMI, UA, and stable angina). Resources and
training should be applied to minimize the gap in outcomes
for patients who underwent PCI during non-work hours.
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